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INTRODUCTION

This investigation of the German Motorcycle Industry was
undertaken to obtain certain specific information as well as to
get an up-to-date plcture of the industry and find out any in-
teresting developments in progress since thes leginning of ths war.

One specific objective was the study of the EMW and Zundapp
shaft driven motorcycle produced especially for the German Awmy,
with military requirements and usage. This was desired in con~
Junctien with development work being carried on by the Tank
Automotive Center and ths Americsn Motoreycle industry. In the
pameé connection, information concernine smaller motorcycles suit-
able for transport by air for military purposes was of interest.

Further information was desired by the Motorcycle Industry
explaining the relstively big eivilien production reputedly en-
joyed by D.K.W. (Auts Union) snd sther merufacture, and the expla-
nation of the high technical development of the German racing
equipment made by BMW and NSU. The success of this equipment in
internationsl races in Englend and on the continent was of speclal
interest to American industry.

The investigation waas, in general, limited to the perlocd
after 1937 eince this period includes the pre-war peak of German
motoreycle production and was effected by a definmite effort to
advance technically and galn international prestige. There wes
a concentrated effort on the part of the German Goverament to make
German goods saleables abroad end government subsidy of research
and development was showlng its effect after 1937. Prior to this
period the developments of the German motorcycle were pretty well
known in the U.S. by enyone who wanted to find out about them.

This investigation was carried out by making visits to many
of the motorcycle manufacturing plants in Germany, gquestioning
technical personnel, obtaining catalogues, prints, actusl samples
of parts and scme complete vehicles, and through & questionaire
prepered for the purpose. The samples and documents obtained will
bs shipped to Washington and made avallable through the Joint
Intelligence Objectives Agency for inspection by the industry.
Sevaral captured materisl dumps were visited and some of the samples
were lpcated in that way




Since 1338 ths Germen motorcycle design was strongly affected
by three things: The Nazi plan for getting German goods into
foreign markets, the shortage of automebile manufacturing manpower,
send the shortage of motor fuel end materizls.

The Tirst force, the desire to get Germen goods lnte
foreigm markets, affected the international racing pleture, The
government subsidized development work zand urged BMW towards
supremacy in the 500 cc road racing (IT) field at eny cost.
Srofessional racing teams were rigidly trained. The racing
machines were supercharged, and everything possible done to them,
ragardless of cost, to meke them able to win, A similar program
was carrisd out at ¥.S.U. in the 850 cc field, International
competition on the continent was continued even as late as
1941 with the intention of keeping Germeny in the limelight.

It 1s interesting to ncte that German manufacturers paid
a certain percant of their grose bueiness into a government
fexpert" pool, which was supposed to help pay for the fact that
the goods were sold abrosd at prices actually below cost. The
purpose of thils presunsbly was to get forelgn currency with which
to trzde in much reeded imports. The manufacturers were farced
to sell about 7§ of their goods abroad at below cost. This was
dons through the uee cf the over evaluated export mark. It ls
significent in this report because it expleine the relationebiy
of prics to quality on Cermsn motorcycles which came into the
V.8, 2nd were eold in competition with our own products.

The shortage ¢f automobils manufacturing manpower dus %o tne
army taking men aud the diversion to war lnduetrias mede the motor-
cycle very important to German evary day life. This had its
effect not only in civilian manufacture. but sleo in militexy,
Marufacturers lines thimned out to contein fewer models with less
duplication in models, end so that tooling would produce moras
nachines with less effort.

The shortage of motor fuel was laportant also from en army
and a civilien stendooint, Army specifications for aatomotive
equipment carried rigld epecific fuel consumption requirocaentc,
Shortzges of materisls suck ze steel made the small motorcycle
gqaite important, In e Britieh government econcmic eiudy of
Germeny it is stmted that there were more motorcycles 2m the roads
of Germanr towards the end of the war than there wers cars.
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The medium 1ight twe stroke machine far outsald all other
nodels and the clean deslgne of late models produced by Triumph,
Ardie, Victoria, Standard and others indicate keen competition
of design from an appearance standpoint.

PART IT
SYNPOSIIM OF THE MOST IMPORTANT DESIGNS BY MANUFACTURER

INTRODUCTION

The following symposium of German motor cycle designs has
béen prepared to completely describe the new end interesting features
with tables of specifications znd sketches, to avoid attaching &
miltiplicity of large drawings.

Wherever these drawinge or degeriptive literature seemed im-
portant, coples were secured and forwarded to the Joint Intelligence
Objectives Apency in Washington to be availlable for more detalled
raference by anysne intereated. Some samples were alsg forwarded
for the sameé purpose. These are listed in Appendix 2.

The line drawings attached in Appendix 4 and referred to im
the text by figure numbers were prepared from rough sketches in the
writer's notes in order to make the text more understandsble. Their
detalled accuracy is not puaranteed as they are merely illuatrative
of the principles iavolved.

This report does not discuss all of the models made in Germany,
but imecludes those best known and most important. The cross section
of the industry shown by these models is very representative, except
that no information was mvailable regarding the D.E.W, factory of
Auto Union in Zochopau which is in the Russian ocoupled zone, and
was not availsble for inveastigatlon.

SECTION 1. B.M.W.

Baverlsche Motoren Werke A.G. - Munich, Bavaria

The firm of BMW besides motorcycles have mamufactured auto-
mobiles, stationary engines (based on their automobile and motor—
cycle engines) for use in generator sets, and alrcraft englnes.

They have maintained a very excellent wluminum and maznesium
foundry for permansnt mold and sand castings. Most sngine accessorie:
were purchaged,




The designs of the firm heve been characterized by their
originality and excellence., Quality and performance has mot been
sacrificed for cost. A distinct effort seemp to have been made
to stick to basically standard designe, addinz speclal valve
gear, etec. to produce super sports performanee. The standard
designg usually are basically good engugh, and at the sacrifice
of cost, to do the extra job.

International racing has been used as an advertising means
to toost BMW as internationally outstanding. There is some in-
dication however that models attaining success as speclalized
racing equipment were interded to eventually come on the market
for sale in "replica" form.

Their motorcycle line in recent years has contained five
basically different models, The trend has been away from pressed
gteas]l framesg, Lo atomlc welded tubing frames, But there is
indication that the bolted tubing triangulated frame used on the
military model was so successful as to indicate a future trend.
Mr. Nick Rucker, director of the Motorcycle development and sports
cer development divielon, has made such a statement. The models,
hovwever, all characterize overhesd valve engines, telescoplc
forks and shaft drive. They are:

1. A small single, basically simple.
2. A larger single, more appealing by its more elaborate design.

3. lY-twins having common chassis but different engines to suit
distinct uses.

4, A special supercharged racing model, not produced for
general sale,

5« A special Army machine having a power driven sldecar
wheel,

Descriptions of these models follow., They are treated in
detail in proportion to how well known they are in the U.S.
Samples, literature and drawinge of some of the interesting detalls
are available in Washington as listed in Appendices ii and iii.
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Mgdel R-23 (250 cu.em = 15,22 cu, in.) Thie wmodel nas a single
cylinder enzine with overhesd velveg. The rear wheel ia shaft driven

through a 3-speed tranemittion. The frame is of bolted tubing with
the engine set to one side in line with the rear shaft. It has a lerge
diameter D,0, generator on the front of the crenkehaft with battery
ipnitisn, & transverse kel starter, an unsprung resr wheel and plunger
front forks without hydraulic damping. This model formerly was the
BE=20 200 ce.

Model B-35 (340 cu.cm. 20.7 cu. in.) This model has a single cylinder
overhead valve engine, & sha®t driven rear wheel and s Y-speed trane-
mission. The freme is of pressed stesl with the engine set to one

eide in line with the rear shaft. It has a V-belt driven generator

get beslde the engine, battery ignition, a fore and aft acting kick
starter an unsprung rear wheel and plunszer front forke without dy-
draulic demplns. It is believed that this model was discontinued
about 1938 becauge 1t was found undegirable to have the epngine set over
to one side and a revised version with a primary irive gear train has
teen made and tested but has not bteen put into production. The primary
traic comes efter the clutch and sets the whole transmission to ons
side in lipe with the rear propelloer shaft.

Models B-5 & B-51 (50C cu. em. 70,5 cu.in, ) The B-5 differs from
the H-51 in that it has an ungprung rear wheel. The models have g 2
cylinder cppesed engine with overhead push-rod valves, chain-dr-iven
cam shafts, end U-gpeed transmission. The frames are made of stomic-
hydrogen-welded steel tubes with the tubee tapered and ovaled at the
weld clusters. The plunger front forks are hydraulically damped, and
the R~51hhas rear wheel springing, The overall Uth gear ratio solo
iz 1:5.0U,

Models R-B6 and B-6 (600 cu.em, 36.0 eu.in.) The BE~b differe from
R~GG Ln havling an uneprung rear wheel Th& chassis is similar to the
B-F and B-51 but the engine has a largar bore and strogke and pleton
ﬂiuplncamnnt, end a gingle cam shnft driven by & pelr of helical geara
frem the eranle sheft. The overall litk wear ratio solo is 1:U.69.

Hodel B-61 (500 cu. cm, 6.6 eu. in. ) and R-J1 cu.em, U gu.in.)
These models are similar to the R-65 except that they have side walve
engines and have r larger bore tp give them more piston dieplacement,

although the same stroke is used, The E-61 has a 1:5.04 cverall solo
gear ratio in high and the B-T1 hes a 1:146.9 ratio.

The models R-51, R-b66, H=0l end BE-71 have identical trensmissions.

The different gear rutics result from different ratios in the rear

wheel drive gzear box. Thay weigh within 12 lbe. of each other, LOL
to 417 1ts.




Model R~75 (750 cu. em, 45,8 cu, in.) This is the special Milltary
model having certaln interchangeable parts with Zundapp. It is
discuseed separately along with a discussion of the Zundapp under
Part II1 of this report.

Hacer Model (500 cu. em.)This model has a special 2-cylinder opposed
engine with overhead cam shaft, and a supercharger, It also has a
shaft drive to the rear wheel, snd is built with either a2 rigid frame
or & spring freme.

The engine layout 1s generally conventional EMW desipgn except
the valve action (see Figure 1) which is operated by twin camshafte
in each cylinder head sperating the valves through rockers. ZIach
palr of cam shafts are geared together with a spur gear idler and
one of them i emch heed is driven by a pair of spiral hevels from
a crose shaft going ell the way across the engine from one head to
the other. This shaft is in turn driven by a peir of bevel gears
from 2 jack shaft perallel to the crank sheft which is driven by spur
(or helical) gears from the crankshaft,

The Supercharger is driven through splines from the frant end
of the crank shaft. It ie a "Cozette" vane type having sliding vanes
carried in a dural rotor. The rotor ie mounted off center in a
cylindricel msgnesium housinz. The wenes are held outwarde by a
centrifussl force without springs. Vene cromping due to friction
agoinst the inside dlameter of the cuse e reduced by letting the
venes come out against two steel rims or cuns that are free to turn
on ball-bearings end support the venes for a short distance at epch
end. (See gketch Fizure 2.) The inlet and outlet ports of the
supercharger are in the megmesium case between these steel cups.

The supercharger pumps mixture azainst a pressure relief
valve, apparently exhazustinz into the atmoschere and the mixturs
thus pressure regulated goss throvgh long pipes toc the cylinder
head inlet ports which ere behind the cylinder heads in order to
let the hot exhanst ports come out ahead of the cylinder heads
for cooling purposes. The carburetor is mounted on = flange directly
on the supercharger housins. It is not clear te the writer whether
the mixture blown through the superchsrger relief valve is lost
or 1o some way bl-possed back irto the supercharger intake. The
long inteke pipes no doubt eerve in some respect =5 intercoolers.

The frame on the recine model, similer to the conventionsl
BMW frames, is of welded steel tubinz. Most of the cast housincs
are ir "Electron" magnesium alloy.



The wheels are very light, hevine dursl rims opparently
nade of rolled or extruded sectiocn curled un and jaiped together
in two places. Similer rims are to be seen on other international
racing equipment and are well known. They are made in Italy.

The brake drums are machined out of

locatsd in the wheel.

solid steel and are centrally
They have spoke flanges around the outside
at each side, and the lmb for the wheel be
the drum. (See figure 3.)

aringe is integral with
The forks and the spring freme are special, being somewhat
more elaborate than on conventionsl BMW medsls erd rear wheel
demping has been spplied. This is att
the rear wheel slipper by mesns

aized by communicating from
of & lue through a single slot in
each spindle to hydraulic damping meens inside the frame slipper
support spindle. Varlous types of forks and

have apparently been experimented with,

rear springing designms

tut beelcally they are all
plunger forks and slipper type rear suspension designs.

Among the drawings forwarded to Wasnineton (Appendix 11) there
are detalls of the overall layout, frame

froot fork assembly, supercharger,

absorters. A sample

(Appendix 111).

develp

pé

rssembly, enzine essembly,
rear spring suspension, and shock
engine with its superchsrger was also secured
No complete set of drawings of any one stage of

vment could be located and different drawings apply to different
ricds of the frequeant changes mede in this special model.
Interest

Deve by BMW Some miscellaneouns details of interest
» that have been experimented with at BMW are; -
o
<=, (1) Fronmt fork side comstruction. This design had the lower
- fitting welded onto the side of the tube to allow troach-finighing
= straight through after welding, The ususl desizn hns the fitting
’;_ welded into the bottom end of the tube, (Ses Figure L.)
et
o= (2) Straight headed spokes are used in the latest desiens
= insteed of bending the spoke head. This allows el
- thickened section of tha s

) The spoke f1
Z (See Figure

imination of the
poke that is necessary to stand bending.
nng;a is Tormed to handle the propsr spoke angle.
5.

-

~ (3) Racing car engines used dursl velve rocksrs and valve

—~ ¢ollars. The collars are chrome plated where they contact the taper
v keys,

v
-2

(%) An interestine way of clamping a counter welzht to the
erankshaft is shown in Figure 6




(5) Connecting rod cap studs are stud-fit in rods, staked in
place.

(6) Shot blasted connecting rods are preferred for racing.
They are rifle drilled for oll from the big end to the emall end end
are not machined all over if they ars shot blasted.

(7) Spark plugs in overhead valve automobile engines open
into cast slots clcse to the valves. Thie allows the plug opening
to ba closer to the center of the combustion chamber and the plug
iteelf to be further away, and & slot does not restrict the area of
the spark pluz opening intc the combustion chamber as a round hole of
the necessary size would do. (See Figure 7.)

(8) Pistons made of "Electron" metal for 6 cylinder 2 litre
water—cooled engines are 1/3 lighter than aluminum. "Electron" metal
contains .90 mg., 108 al., 101 si., iron and copper, and these plstons
require .0b mm to .07 mm clearance.

EEGTIW E — HQE.U?

N.S.U, Vereinigte Fahrzeugwerke A.0. (Nackarsulm United Vehicle Vorks

_“-_..—-—

loecsted in Neeokarsulm, Wittemburg, Since 1937 the N.5,U., Works has
made!

Bicycles, y

"~ Motor-bikes. Z.
Light motorcycles. {p*
Motorcycles, {;
Military Csterplllar tractor with single front wheel. NS
Military Tractor (ae above), tut without steering wheel, ";;

used for robot tank bomb. !

"Riedl" starter engine for aircraft jet engines, -
The "Ural" hand motor tree saw, a description of which "::,
is to be found in a separate FIAT report, by thie -
investigator. o

Miscellaneous ammunition accessories and aircraft parts.

The 1ist of literature sent to Washington (Appendix 1i) will
show more of their mctivities. That liet of data includes some
blueprints of their racing equipment, particularly the super charged
two cylinder, 260 c¢c Isle of Man racer.



The motorcycle

which was undergoing revision just

prior to the beginning of the war includea;
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grouped above.

Models just discontinued,
Model "Quick" 98 c.o. motorbike with pedale and coaster

brake, 1 cylinder, 2 stroke, 2 speed (mot in standerd
bicycle frame) with handls bar gear shift,

Qgg;l_gﬂlﬂ%gﬁ, 198 e.e. light motorcycle, 1 cylinder,
2 stroke, speed, with conventional brakes and hand gear
shift.

Model 591 TS, 562 c.c, motoreycle sold to the Turkish
police. It is a single cylinder, overhead valve, L
stroke model.

Models continuing the line are:

Model 125 ZDB, 1ight motorcycle, 2 stroke.

Models 200 and 250 0.S.L. motorcycle, overhead valve.
Mgdels 350, 500 and 600 c.c. motorcycles, overhead valve.

There are 3 chassis handling the different power plants as

Then there ia the special 2 eylinder 350 c.c. super-

charged racer, a winner in the International Tourest Trophy races
in HEngland,

The Standard Models. Performance curves of the 125 c.c. model mre

given in Fig, BA., The following descriptions of the 3 models were
prepared by Mr. Deimuller of the N.5,U development division:

350
200
3 250 ?
2 etroke with U stroke with U stroke with push
Engine (5) Wolf syetem  push rod over- rod overhead valves.
flat top hemd valves,
positisn
Speeds 3 Y L
Shift Foot Foot Foot
Drive to clutch chain (6) chain chain
Drive to wheel chain (6) chain chain
Frame style looped duplex open apen
Mat'l welded tube welded ru%g[l] welded tube(2)
Crank case A1 (PM) Al alloy (PM) Cast al
Gear box " (1) n "
ﬂyl head o L] n
Cylinder Alloy C 1 Allay C 1 Alley C 1
(Bo 1iner) (No liner) (¥o liner)
Jears Case hardened case hardened case hardened

- -




Cen Rod I section I eection I sectison

Big end roller brg. roller brg. rollar brg.
Small end tushed bushed tushed
Mat'l case hardened heat treated -
Iubrication oil & gas dry pump dry pump
Inlet Gear & trans oil oil/erease oil/grease
QA) (1/1)
EBrakes 2 shoe int.exp. 2 shoe int.exp.2 shoe int.exp.
Jurid lined Jurid lined Jurid lined
Drums steel stamping rear is MI & rear ig MI &
detachable detachable (W)
Front handle bar handle bar nandle bar
lever lever lever
Hear foot pedal foct pzdal foot pedal
Front fork girder-l spring girder-l epring girder-]1 =pring
Mat'l steel stamping steel stamping tubular
Rear wheel ungprung wnsprung -
Ehock absorber hand ad). hand adj. hand adj.
Steering Damper fric. disc fric. disc friction disc

(1) Except inside brazed head lug, and riveted rear fork ends

(2) Except inside brazing for all fittinge

(%) Gear box is part of crank case.

(4) The 350, 500, and 500 have front and reer brakes inter-
changeable.

(5) A1l but the 125 have enclosed inlet and exhaust valves.

(6) All but the 125 have chaine in chain cases.

Special Racer Model, 190 cc The model was designed by the English-
man W. W. Moor who was formerly with Norton and who was with ¥.5.U

for 6 years. He is said to be the designer of other N.S5.U models
and they do in some respects bear a similarity to the push rod Nortom
singles, the recent revisions have gotten away from this.

The model was made 350 cc for perticipation in the Internstional

T. T, races on the Isle of Man, and it ie claimed that the German
Government chose B.M.W. to be outstanding in the 500 cc size and
H.8.U to win the 350 cc races. These racing machines cost considerable
to develop and this money is essumed to have been made available
in the form of government subsidies. The N.5.U company claims to have
spent in the neighborhood of 600,000 BM ($150,000) a year for re-
:;:mh and 400,000 BM ($100,000) a year for racing elone just before

War.

This had a 2 cylinder supercharged engine, a sample of which
has been marked for shipment to Weshington for study. As it had been
hidden in a damp cellar for 3 years it hardly could be run but seems
to teke the place of blueprints and information which were not aveil-
able, It is claimed that the drawings have been lost, but the
specifications are;

= 10 =
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Stroke 63 mm 2. 47"
Comp. Ratie 6.5:1 (supercharged)
Valve timing (supercharged)
Intake opens 3I4OBTDC

Intake closes UU® AEDC

Ex%sust opens 709 BEDC

Exnhoust closes 33° ATDC

Some power figures on an experimental engine on the dynemo-
metar with the above specifications were given ms follows, using
gusslline-penzol alxture;

(Hetrie) Boost (stmospnerss) Power letric
Atmospheres Hetric HP Zngine not
—absolute —above atmospheric driving blower E.P.H,

2.4 1.4 70 EP 8000
2.4 1.4 s 5000
2.1 1.1 55 8000
1.5 «5 38 8000

A test with the engline driving the "Zoller" vene type blower
gave a pover output ofi

Boost Power Metric HP RPN,
1 36 5000

Drawings of piston and cylizder head for recipg 250 c.c.
mechines were also ootained but thsse are not nscessarily tha latest

developuent form of these parts, The drawings do show various

chonges incorporated between 1337 and 1339. Bather long intake and
exhoust passages in the cylinder head would seem to heat the in-
coming miature on the intake side and heat the cylinder head on

the exhaust side, both things being to poor advantzge in a recing
engine. The piston has a series of oil grooves turned around

the skirt with holes drilled quite close together as if an exire
supply of oil to the cylinder walls was necessary.

The ¥.5.U, 350 cc motor wes said to be so built that it
could later be increased to & 500 cc machime, This 1s borme out
by a blusprint obtained from the Albert Hirth A.G. in Stuttgart-
Zuffechousen of a crankshaft designed for N,8,U, in 1933, Though
the 350 oc engine had dimensions ofj Bore, 59 mm and stroke 53 =m
and & displacemeat of 350 cc, the ecrankshaft drawing sbtained
from Birth has a stroks of 70,5 mm which would require a 67 mm
bore to give a displacemant of 500 cc. A priant of this shaft
has been forwarded to Washington, It shows the following:

’ 'f\..'f:"-‘n: =1l -




ceaerel dimenslonsj

Distance between cylinder bores, 110 mu.

Stroke, 70.5 mm,
Urive shaft dlameter, LO mm.

Design festures:
EPM, T000.
Flywheels, 4 (2 per crank-pia)

Oiling, centrifugal force from main bearing overflow
into slinger grooves contained im flywhesls throws

oil to the craukpins, -

Commecting rods:
Lengtn, 165 mm.
Little end diameter, 22 mm.
Little end length, 20.5 mm.
Big end diameter, 54 mm,
Big end length, less than 20 mm.

Connecting rod bearinge}
HEollers, 16.
Roller diameter, 6 mm,
Eoller length, 10 wmm,
Centrallizing on pin, by rstainer.

Crank ping
Diameter, 42 mm,

Crankpin bearingsg
Clearance, epproximately .002 mnm,

Center mein bearing:
Diameter, 42 mm.
Hollers, 2 rows of 16.
HRoller dimmeter, & mm,
Boller space, 10 mm,
‘Holler lemgth, 10 mm,

Znd main bearings:

(Yot specified but probedbly bell bearinge.)

Flywheels:
Diamster, 120 mm.

Thickness, 20 mm.

Crankshaft;

Asseably, Hirth joints (flat serrated), pulled

up by draw=bolts with differentisl thread

apnd sarrated heaads.

Hirth joints; 2 per crank pin, 2 at center mein jouranasl

- 12 -



Unigue N.5.U. features of design or production on their
varioue models arei

uneel hud made from tubing over which is pressed a
stanped and a forged spoke flanee, The forged side
carries L hollew milled drivimg iugs fittine into U of
8 holes in the malleable iron brake drum.

Compensating snrocket cem face on enzlne sprocket formed
by forging amnd hot coinilng only, o nachinirng of cam face.
A siuilerly made cam is used to neutralize the foot shift
pedel,

Iransmission meutral indicator is electric light on pansl
operated oy siaple contact on transmission shifter fork.

Velves are wede at N,5.U. 3Bar stock, stem pized, ie
gripped in juws end & flst upsetting block forced against
the end of the rod. Current is pessed through the piece
end resletance heatcd to allow upsetting. While etill
Lot the plece is removed Bnd coiped in a die to form the
hﬂaﬂ.t

Yalve timing is started at 30%2309-50°-R0% mnd the cams
then retimed by trial and error until most sucecessful,
leaving the cam contour alone,

Valve seat inserts. It hee proven successful to use
inserts made of the same material ss the valve head, 60°
valve seats are used in recing and other 0.H.V, motors.
Seat lnserts are formed with a ridge around them and cast

in place.

Cylinder nead castings which are sand cest, have specisl
lugs cast on for locating in fixture, They are first
scribed in a special fixture then located in the machining
Jig and trued to the scribved lines, It is stated that had
perusnert wolds been mads wnlch was pot done because of
expense, that this would not have been pecessary. Consider-
atle thicknees of metal is left on critical parts of the
rough heed casting to assure lining up of cuts with thelr
bosses.

Sperkplug tushiugs (broaze) are cast in place successfully.

Foot shift ratchet is e heavy etamping wlth teeth machined
to location.
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Footgnift payl is single piece double ended, rociing pawl.
1t is forced to rock by a spring plunger located in the
case end enpgaging a notech in the pawl.

Iranemiseion gear lugs, 4 on each gear, engege into holes,
8 on a geer. Pairs of holes are connected by a milled
groove which lies on the center-circle of the holes --
\See figure B). This allows positive and easy engagement
of the dog clutches,

Orankshaft assembly on 2 stroke engines s is done by ether
2 stroke manufacturers in Germany is built up by press fits,
The mein bearing journals are ground true on centers after
assembly in a fixture and initial trueing, In service the
assembly must be returned to the factory and le exchenged for
& new or rebuilt assembly. One cheek is removed, repleced
oy & new one, and reground from the old journel, The crank
coeek has a slight teper hole of maybe .001 mm, to give the
press Tit lead.

els are laced t on & speciel fixture whers a mirver
guiced by the rim reflects e light source onto a kerget. The
lecing workman can see the mueh magnlified bulla eye and the
work there goes guickly,

Hegtory Layout is very good. OUme etorey, rough stores end
recelvinz room on one eide, flow goss aerves the tuilding.

Assembly lines run along the side. A railrsad spur. feeds
the receiving platform directly. Assembly lines sre power
driven for 2 stroke models where production reaches 100 a day.
Engines are set in wooden blocke hollowad cut to fit them,
sometimes lay on their sides during sssembly,

Bullt up Crank shafts, The Hirth Crenk shaft is used in the
supercharged racer and also the "Ural" Hand Motor Tree Sew.

A visit to the Albert Hirth A.G. in Zuffenhausen near Stuttgrt
was interesting and a brief discusslon of this deslgn seems in
order even though it is not new.

Ihe Hirth Joint is a radially serrated butt jolant. The milled
serrations are ground on & special machine, ons at a time, and not
automatic. They are so designed that all elements of the surface
of the serration if projected meet at a point at the center. One
shaft made for automotive use is for a 12 cylinder engine end each
erank pin, crank throw and main bearing journal is =z Beparate pleca
Joined by & Hirth joint. The shaft, it is said, can be disassemblead,
scrambled up, and reassembled in random order and still run within
+005 of true from one end to the other. Tne value of the desigm
is that it allows roller bearing intezral race connacting rods

Vi ‘r't‘.-"_’['.\'”*l}‘f‘
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and main bearings to be used. The joint is used extensively
in eircraft practice in Germany to attach propeller hubs, and
make crank shaft assemblies, OSome samples have been sent to
Weshington.

SECTION 3 - ZUNDAPP
Zipdapp - Werke - G.m.b,H,. Nirpberg Bavaris

The Zindapp Company has produced 2 cycle mnd 4 cycle motor-
cycles, notably the ghaft driven 2 and 4 cylinder opposed engine
machinee, These machines are interesting in several respects.

They incorporate one plece crank shafts and use needle-roller
bearing erank pin bearings with split big ends and split retalners.
The engine ecylinders are not directly opposed, having an angle

of inclination from the vertical of 18% for ground clearance of

the eylinder heads which allows lowering the motor im the frama.
Another interesting feature of the larger machines has been the
chain transmission. The four tranamission gear ratios are attalned
by chain and sprockets. This is a very convenient design for shaft
driven motorcycles because it allows driving the main transmission
shaft directly from the engine crankshaft through the clutch,

and still allows the rear drive shaft to be in line with the
transwission Jack shaft. Thus the engine can be dropped in the
freme, The centers and gear diameters no longer interfere with

the relative locationes of the engine centerline and the resar wheel
drive shaft centerline. This allows Zundapp to lower its englne
centerline below the rear axle centerline without tilting either
the englne or the propeller shaft, and furthermore the propeller
shaft can be any desired distance out from the motorcycle centerline
for tire clearance or any other reason. This low engine location
ae stated above accounts for the slight inclination of the cylinders
from the horizontal to give ground clearance in turms.

The chaine give some backlash or leeway in the transmission
gears which makes for easler shifting, slthongh on the other hand
the chaina are heavier than gears, which works agsinst easy shifting.

The arrangement sesme to require having all the chains
continuously running with the clutch shaft, possibly because the
gear ratio situation makee tne jack shaft (or transmission output
shaft) sprockets too small to eccoumodate the dog clutches, It
would appear desirable to accomplish sghifting on the main (input)
shaft for better shifting. Two row chalne are used.

On footshift models there is a cam and spring introduced into
the pivoted shifter forks in the transmisslon mo that even if the
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gear doge fail to ensgege, the pedal can be depressed to its
stop without unduly streining the mechanism, (See Figure 9.)
This is also termed a pre-selector, but the pedal must be held
depressed in sny event or shifting would not be accomplished,
It is poseible thet with tiae pedal held depressed, backing off
on the throttle or relessing the cluteh would effact shifting.

Tne speciel military machine produced by Zundapp is
written uwp in Part IIl of this report, elong with its similar
counterpart mads by B.M.W,

Of the two smaller 2 stroke models, the 200 c,c. model well
outseld all others, The compeny produced over 200,000 of thess
in 10 ye=ars., It sold bettar than the 250 c.c. 2 stroke, apd it
is eald that this is because in Gerusany an operator's license is
not required for modele of 200 e¢.c. end under,

Brief descriptione of the various models follow:

Model 1B 200 - Dieplacement 198 c.ec. (12,08 cu.in.) 2 stroke,

1 cylinder flet top pieton (Schneurle), unit power plant, 3 gears,
chain drive, freme nas channel, welded triangular truss section
integral with head fitting, el) other members tubing with bolted
Jointe. Electrical system DC generator (on crank shaft) with
ignition ae unit (Noris) with bettery. Flg. 9A shows performance
curves,

Model DBX 250 - Displacement 247 e.e., 2 stroke. Othervise same
as model DB20U except: It uses a presesd steel channel, welded
frame with slightly longer wheel bres, The machine is heavier
than DB200 and carries a different standard overall gear ratio,

Model TBIS0 - Displacement 346 c.c., 4 stroks, gingle eylinder,
overheed valve, pushrod with twin camshafts widely speced ahead
and behind cylinder, giving good cooling of the cylinder head
because of the widely spaced rocker boxes. Ball bearing msine are
used. Unit power plant with 4 speed transmiseion, and foot shift
employad. Frame ham head fitting integral with front riser and
backbone fabricated from stampings and welded. Frame is otherwise
bolted tubing construction. A drive spocket shoeck absorber is
usad.

Hodel X530 - Displacemant 498cc., 4 stroke side valve, 2 cylinder
opposed, needle becring evlit conneetinz rod lower ends, four

spaed, hand ehift (H nlut) ghaft drive. UTrenemiseion shock absorber
is by tortion in propeller shaft enly. Frame is pressed stesl
channel, welded. Front fork ie parsllelogram type with hydraulie
shock sbsorber. Generator is on crank ghaft with distributer
elaawhara,

Hodel 5600 - Displecemsnt 597 (36.5 cu.in.) ec.e. 2 eylinder
opposed, overhsad valve, pusn rod., Otherwise similar to ES00.

=16~
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Victoria motorcycles produced before tne wer made up &
line of & tasic modela. These included the "Saxonette” &0 c.c. 2
ptroke motor wheel driven motorbike, the two 98 c.c. two stroke
models one with pedals end one with kicksterter but otherwise
miike, a 150 c.c. two stroke model, 2 20U c.c, two stroke and a
250 c¢.c. two stroke sporte model, much alike except for a pivot
type sadle, enclosed rear chain and "inverted" sports exhaust
pipes, foot shift aveilable, and speedometer added to the 2T c.c,;
and a2 4 etroke 350 c.c. over head valve model with foot snift
'‘designed in".

Tois line characterized streamlined unit power plant and
pressed atesl welded-to-form-tubular frame front sectlion with
bolted on tubing rear ssction.

The Saxonette motor wheel was purchased from the Fichtel
% Bachs Company. The Sexonette motorwheel motorbike is stated
ae having been discontinued because it didn't go fast enough and
cost too much. The compeny is devaloping a very neat 1litile
bicycle motor for attachwent to any bicycle. They bave completed
over 4000 kilometers of rosd test on one of these units and are
very enthueiastic about {t. Drawinge for this unit are available.

Brief description of the models aveilgble in 1938 follow:

- Motor biks (motor wheel) two stroke 60 c.c. (3 5/8 cu.in.)
with deflector piston. Compression ratio (figured from total
stroke) 1:6, piston operated inlst port, 5 watt flywhesl magneto
and AC generator for lighting., Welght is 36 kilos (79 1bs.). Tires
are 26 x 2", Single tranamieslon reduction. Motorwhsel requires
spacial bieyocle frama.

and B Fy 3 ar. Diaplace-
tuu ltruka & nuuaﬂ hund nhift with flywheel
magnatu and A.C. lignting, Unit pnun:plant gtreamlined.

Model XRISN displacemant 148 c.c. (9.1, cu.in.) two stroke flat
top piston, unit power plant streamlined 3 speed handehift, D.C.
generator driven off crankshaft and battery ignitiom

displacement 198 e. c. (12.05 ecu.in.) two stroke
flat top piston, unit power plant streamlined, 3 speed handshift,
[D.C, generstor and battery ignition, frame front section pressed
steel welded to form tubuler section, rear zection bolted on.
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Medel KR25S displacement 247 c.c. (15 cu.in.) two stroke unit
power plant streamlined, 4 epeed gear box with band ehift and
foot shift as an accessory, extras,standard equipment,ineclude
enclosed rear chain, speedometer mounted in headlight, D.C.
generator with battery ignition.

Model KR2G5SH displacement 344 e.e. (21 eu.in.) 4 stroke overhead
valve push rod, dry sump oiling unit power plant, 4 speed foot
ghift, saue chamels es EB25S. D.C. generator and battery ignition.
Enclosed rear chain,

MWM Since the Saxonette (purchased
from Fichtel and Sachs) wae teo expeneive snd not fast enough,

and had only one gear ratio, it wme dimcontinued. A new bicycle
motor for attachment to the frame of any bicycle hae undergone
many thousand miles of successful testing snd is resdy for tocling.
Drewings of this motor are avallable for shipment to the U,S.
A deseription of it follows, 38.5 c.o, single eylinder 2 stroke
flat top piston of Vietorie desipgn, with double tranefer port on
one eide end eingle exheust port oppoeite, chein drive to rear
wheel, ueing sprocket clamped to wheel Imb by means of several luge
two speed tranamiseion (with clutehes) teking place of primary
drive. Motor clamps to rear of frame next to rear wheel, Fer-=
formance with this small displacement is obtained by the use of
the 2 epeed trensmission. The magneto is a simple flywheel type
especially designed for this engine. It contains a lighting coil.

The motor has not been placed on the dynemometer yet so I
was only eble to get estimated performance as indicated from the
roed. Specifications are:

it
Bore 36 mm = 1,376 iy
Stroke 40 mm = 1.576" s
oo 8.2 = 2433 ﬂu-ﬂh -(’:
Spark occurs 1 mm BIDC (4° BTDC) )
Rotary inlet valve opened 70° ABDC to 35° ATDC 1
Com rod length 80 mm (3,14") 3
Crenkpin dismeter 12.5 mm (.49")
Big end diameter 18.5 mm (.73")
non:;- 8 mn dlameter (.128") 5 mm long. (.196") no retainers (',
us " f
Big end case hardepmed in rod .3 mm deep ¢
Transmission gear ratios (do not include final drive)
7.12:1 low
4.3:1 high
Foel consumption 1.5 Litre per 100 kilometers (166 m.pg.)
Final drive 2.5:1 (estimated from memory of finel drive
sprocket mize)
(Estimated over all gear ratics 17.85:1 and 10.8:1)

“
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A deseription of the motor follows:

Cylinder - In the experimentel model was an slumipum casting
with liner. Finsl design will incorporete s ceat iron cylinder.
See Figzure 10 for general port artangement. There sre two
transfer ports on one side of thne cylinder opening upwards, and
one exhaust port oppoeite. Pleton flat top, sperk plug in
center of cylinder head. The rotery inlet valve is mede by having
the one cranx cnesir in the form of = flat plate fitting ageinat
the side of the crenk cese, and drawp ageinst it by means of a
gpring that pulle tne whole crank ehaft over. The cheek le cut
away to form & rotary pleate velve with 2 port in the crank case.
The crankshsft hes no main bearinges except those on tha drive
side, being an open cramk design. The drive side of the crenk-
shaft has two pinions on it, one cut on the sbaft, the other
keyed to it. Theee form the small geere of the tramsmission.
They have 12 and 20 teetk, They mate with two lerge geers baving
3 teeth ang 86 teetn.

These large gears contain individual clutchee (See Figure 11)
coneisting of large steel eplit rings or bands which expand
inside tre ring-like gears, When the clutches are contrected in
the disengaged position thege rings support the freely turning
geers and become their free running besringa. A spider supports
the band clutches, and they sre expanded, end driven by a wedge
pin that is forced out through 2 hole in the spider, The
eplder time forme the driven member,

[l-iilif

SECTION § ~ AHDIE ¥
{ '\fj.t
Ardie Werke A.C, Murnberg, Bavaria APpy
TJ(-}I {1
In 1938 the Ardie Company listed 12 models in their line, SO0,

These included three 100 ec.c, models, four 125 e.¢. models, fomx
200 e.¢. models, The Ardie plent has been practically bombed
out, and eateloguee and drawings of old models were not available.
They did however memufacture both 2 gtroke and 4 stroke models.

Epch year after 1938 the number of models wes decreased
until the line in 1942 included only two items, a 125 c.c. motor-
cycle and a 125 c.c. stationary motor. The compeny has elso
been engeged in the mamufeacture of bilcycles.

The two most recent models of motorcycles, a 125 c.c. two
etroke end a 2850 c.¢. two stroke will be described.

There was particular difficulty in obtaining the information

wanted at this factory due to the disorganized condition here and
the fact that the interpreter was very poor in technical matters.
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125 with displacement of 123 ee, (7.5 cu.in.) two
stroke, flat top piston aluminum cylinder, nunit power plent
with three spesde foot shift of built in design, The clutch
is plsced on the engine drive skaft. A.D.C. Noris goenerator and
breaker is placed on the other end of the crenkshaft and a
battery is supplied. Frame iz steel tubing of welded snd bolted
construction, Tires are 2.5 x 19. The scevenging aystem
incorporates two upwarde projected trenafer porte oppoeite one
enother and two exhaust porte at 909 to these., The cylinder is
eluminun permold cest around the cast irom liner. This liner
iz cest with longitudinal ribs along it, and a groove around
these ribe for endwaye security. These ribs are about 1/8 inoh
deep with a pitch of about 5/16. The liner has a slight taper
toyerds the top which appears to be draft. The half-round
securing groove is the depth of the ribs and about 1/6" redius.
The ports arecast in the liner, and the cylinder and erank case
are eo designed that the aluminum cast-on muff does not extend
below the transfer ports in the irom limer. Instesd, the crank
case 1tself hes a fimned portion which projects up to meet the
mff, Since tne erank case ie split in the usual fashion, this
ellows them to form the transfer passage right in the simple iron
mold without the uee of sand cores. The very short part of the
tranefer port that is cored can be dome by placing & perfectly
simple plug in the already formed port in the iron limer which
is knocked out when the aluminum casting is removed from the
permanent mold. (See Figure 12) The inlet port is formed in the
iron liner below the muff, and matches with & simple pessage in
the crenk case casting., Incidentally, this inlet port is
interesting, being anaped with e "tail® at the bottom, The
purpoee of thie was not discussed but the writer belisves it is
to silence the inlet by letting the port opening occur gradually
instead of abruptly, in order to bresk the nolsy pressure
Weve other wise formed. (See Figure 13.) Thrse long bolts are
used to attach the cylinder heed to the c¢ylinder snd the cylinder
to the crank csse. It is not clear to the writer whether the part
of the liner in the ecrank case is a tight fit or not but it herdly
seems poseible that it 1s since the liner would have to be machined
to sige on the outside after casting in plece., This mey be done
bowever when the cylinder bese is faced. Main bearings are a single
row and a two row ball bearing. For performsnce curves see
Figure 13 A,

The foot shift mechanism 1s very cleverly worked out to be
made from stemping and screw machine parts. The primary chain
came gasket is a neoprene speghetti strip set inte & groove which
is cast in the permanent mold casting, Only two screws hold
the primary cover on,

11-\1..11.-- I .
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Model RBZ250. Displacemsnt Le 246 c.c., two stroke, Tlat
top piston same scavenging system as the 125 ec.c, size, cast iron
eyliinder (although an aluminum cylinder was used on another
similar model) hend gear shift four speed transmiseion. Main
tearings consiet of three ball bearings with a standard oil seal
to separate the crank case from the primary case. Norie D. C,
generator with breaker driven off crenk spnaft ie used. ¥or
performance curve see Flgure 13 A.

The motor is attached to the saddle ricer by a split clamp
boes clamping arcund the tube.

SECTION 6 - STANDARD

Standard Fahrzeugfabrik, Wilhelm Gutbrod, located in Plochingen
sear Stuttgart., Thils company has bcen producers ofi

Small 3 wheeled trucks (watercooled)
Swall 4 wheeled trucks ( air cooled)
Two stroke and four stroke motorcycles
Power hand grain mowers

A brief description of the light trucks follows because of
their zeneral comparison with three wheeled vehicles mamufectured
oy the Amesricen wmotorcycle industry.

The three wheeled trucks are front wheel drive. They employ
two cylinder vertical alternate firing two cycle motors made by
ILO in Hamburg, unit power plant chain primary drive, chain final
drive to front wheel, The entire engine and radleter are mounted
on the unsprung front fork, and swing when steering. The fork ig a
pressed steel chain housing, welded to form a closed case, and
supports the wheel from oz eide only. The unit is mounted on a
pivot behind and at the top of the fork which allows the wheel to
hinge forward and upward and it lg resiliently supported through
thick anular rubber spacers in compression. The chassis ls a
single central tube 88 mm. (3.46") in diemeter and Y mm, (.157")
thick extending back to the rear axle,

The rear axle is mounted unier a cross channel member welded
to this tuve and supporting the body. Two centrally pivoted
ewinging individually sprunc axles are used, supported by compression
coll or invelute springs at the outer extremitles of the crose chennel,
There is & wishbone radiue rod anchored forward to support the Drake
loads, and the brakes are operated from a central equallzer with \
mechanical comnnsction in the form on cables to the wheel brake. o
There i aleo a front wheel brake, o

4
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The rear engine four wheel Jjob is rather vulmerable because
of the engine being located s0 low. It 15 not produced at the
moment. It locks better for tractiom, thougn, as it has the
driving wheels beneath the load., The trucks have steel cabs
enclosed and of neat sppeerance. Some drawings of schematic
chassis layouts are available (see Appendix ii).

Motoreycles are made, or were before the war, in single
cvliinder models as follows:

2 cycle 250 e.c. telesconic fork (nmo damping) 4 speed foot
shift, hand operated center stend, flywheal gensrator
charging battery.

4 cycle 350 c.c. O.H. camshaft spring frame.

4 cycle 350 c.c. Side valve springz frame.

4 cycle 500 c.c. 0.H. camshaft spring frame.

4 cycle 500 c¢.c. 5ide valve spring frame.

Side ear.

The two cy~le mooel is unique in construction in that it has
a telescopic fo.'k, grezse lubricated with internal compression
coil barrel springs at the top end inner telescoping tube below
with a neat dust shielding joint. No damping is employed. A
drawing of this fork is available. Tne model steers well; it has
four speeds sna foot shift. The saddle is mounted on a leaf
spring coming bacik out of the gas tank tunnel, and incorporates a
ruober saddle like BMW,

The larger models (which haven't besn built sinee 1939, have
cable operated coupled brakes, givinz equal braling front and
rear, The brakes are equalized by the use of 2 spring in series
with the resr brake cable so toat the spring determines and
equalizes the load on thea brake arms, The foot brake controls both
wheele. It ie stated that this is O.E, for the heavy motorcycles,
but might cause skidding with the small ones. The spring frame is
a pivoted type carried on bushings. (See Figure 14.) The
springs are carried in tubes bolted to the rear of the sprung
freme structure., The rear fork ends pass through slots in the
tubular spring housings and the springs press agrinst the rear fork
ends from above and below through curved pluges in the spring ends.

The generator is chain driven, Battery ignition distributer —
ie in the end of the overhead camshaft. Coil springs, extemsion UV
type, are used under the gaddle, ﬁ*“




The Triumph Cowpany since 1932 nave produced two models
with 125 e.e. and the new 250 ¢.c. two stroke motors. Both models
ars 3f interest and not only in the motor tut =lso in the chassis
in demonstrated an unususl design. Singe 1933, 1000 2 plston
sschines were produced for e¢ivilisnas and 12,000 for the aray.
In normal times 14,000 to 15,000 per ysar were produced of the
sm2ll 2 cycls model, this for 10 years. Muech thought nas been
aavoted to msking 2 "nice" Job, somewhat unysunl, and tnere seams
to ba no fear of making tha machines to0 expensive ms & Tesult
of the extre featurss. Tha largsr model uses the "uniflow!
4 piston with one combustion chember design similar to those
found in the designe of the Steyr Daimlsr Puch Company. Znclosed
rear cnpin and rotary carburator-to-grank-cras inlet valvas are
incorporated in both models.

Toe designs pra eonceived with an eye to atraamlining and
cleanness of appsarance.

Aluninum castings are "Eokille" (permansnt mould) as in most
otner medium or high production German motorcycle of smaller size.
feare pgo thers was 2 connection betwesn tha British "Priumph"
compeny and the Germen "Triumph" but tiils has not been so for soze
time and there is no influonce in these models of ths foraer
English Triuvuph makas.

These models are relstively recent designe and of definite
intereat.

Also of interest at Triumph were some desizne that had not
ever been in production, but which will be deecribad. Thay sre an
slght-piston two stroke, 4 combustion chamber zir cooled vee
engine designed for the N.S5.U. caterpillar tractor, a single
oylinder two piston test engine based on the £ piston engine, and
an airborne scooter, which was never built.,

Model B-125. A 135 c.o. 1 cylindaer 2 stroke, single piston
light motoreycle with 6:1 compression ratio (figured on totsl
stroke) end with unit power plant, The engine employs tae Wolf
"pitehfork" porting system with flat top piston. This system was
developnd by Wolf, but purchased from him before the patents
wera received and patented by Triumoh, and further devaloped by
Mr, Reltz at Triumph, In it there are two exhaust ports and four
transfer ports. The exhaust ports are placed opposite one another,
and the transfer ports straddle the exhaust ports, but are eo



directed as to implnge the two pairs of transfer charges
together and agaiost the cylinder wall to form two streams
opposite one another and upwards until they mest at the top
of the cylinder and spread and fill it from the top. See
Figure 15. The system is said to allow mors easily handled
trausfer passage coring in the foundry because the transfer
charges are controlled by the smooth cylinder well, It is
not necegeary to machine the ports or carefully direct the
tranafer charge in the cylinder by the port, J¥or performance
curve see Figure 15-C, TFor timing dlagram see Figure 15-4.

An economy of lees than 400 grams per horsepower hour
(.88 lbes, H,P. br,) ie claimed st best economy.

The engline also incorporates a rotary valve in the drive
shaft side of the crenksheft which is cest in pearlite steel,
cored for the valve port and peesage. The main bearing is
placed outboard of thie cylindrieal rotary valve. (See Figure 15.)

Model B,C, 250, only produced since 1939, displacement
248 c.c, double cylinder with single combustion chamber, employs
a gear driven rotary inlet valve turning crankshaft speed. The
"nniflow" double ecylinder ies arrenged so thet one cylinder
contains the trensfer portes end the other the exhaust ports.
For performence curve see Fipure 15-D. For valve timing disgram
see Figure 15-B. The engine employs (unlike the Puch png;inn} two
crank pins and commecting rods, which are timed, one slightly
ahead of the other (18°) so that the exhaust port opems first
and closes first. This uniflow srrangement combined with the
properly timed rotary inlet velve geve good economy, claimed
to be as low as 300 grems of fuel per norsspower hour., (.66 lbs/
HP hr.) Compression ratio is E.6:1 (figured on the total stroke).

Here it should be noted that this engine has a separate
o0il supply. not incorporating en oil-gescline mixture. The oil,
however, even thougn it ie supplied by a pump separate from the
fual mixture, does mix with the fuel and is purned. Since the
0oil need is on the same oOrder ae that used in "petroil" mixture
two cycle enginem, 2nd since the weight of fuel used in the
"petroil" engine includee tne o1l, while in the DE250 engine
it does not, we had batter be sure we are not being fooled in
comparing the spocific fuel consumption of the IB250 with "petroil"
two etrolke engines,

Thae the oil to fuel retio in the IB250 is given as 1:20
to 1:22. This is an average of Z,25% by volume, end if we
aseume the oil weighs the same (it weighe more actuslly) as the
fuel by wolume, and hes the same energy egquivalent as gasoline
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(it bas less actuslly) the error in comparing specific fuel
consumptions as a result of including the oil on the one hend
and not including it on the other, will be between 3 and 4 per
cent, Now the DB 280 engine gives & specific fuel consumption
figure of around 30% better than the B125 which indicates

that the oil error is relatively negligibvle and that the uniflow
system really is more economical,

A drawing of cylinder head and pietone are available.
Other design features of interest are as follows:

Tne cylinder bores are very close together, sbout 3/18 of an
inch. Undoubtedly this section geis quite hot. The connescting
rods are offset =t the upper end so that the upper ends are
towards the outside (though in the center of the piston). It
is claimed that while this id primarily to get small crank caee
volume, it sleo tends to put the piston thrust towards the
outaide away from the hot ceater portion. The writer does not
see that this will help matters mucn, but it wme pointed out by
Mr. Heitz as en =dvantags.

The cylinder liner is an iron casting forming the liner
ani ports and beving ridges cast around the outeide., The meterisl
contains mangeanesa ag a mubstitute for chrome mnd niclkel. This
liner is cast into s permanent mold aluminum alloy block. The
fine are of an unususl design termed "roese-petal". They are =
series of emall staggered fins projecting radislly from the barrals,
and in vertical rows resembling the petals of a flowar. The
mold for tonis casting perts in 8 different sections radially,
The exhaust port coming out onme side, is carried mcross the front
of the casting for the purpose of giving twin exhanst pipes for
appearance appeal. It is stated that tests proved this in wo
way detrimental, tut it cannot help but be noticed that the
cooling of quite a section of the cylinder wall is thus impalred
and also that one of the transfer ports passes adjacent to the
axhaust passage as g result of the arrangement, The exhauet
passage travels through 5% inches of the aluminum eylinder muff
which it otnerwise would not come near, and considerable heat
mist thus be absorbed into the aluminum muff. It se=ma llke quite
& sacrifice for mere appearance sake,

The exhaust ocutlets bhave 2 neat lsberinth sezl arrangement
mads by cast-inserting plsces of flanged tubing into the casting.
(See Figure 17.) They ere said to coke up and become gas tignt
after very little running.

Another interesting dasign detall is the oiling system.
One of the biggest objections to two stroke engines for motor-
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cycle use ie the necessity for mixing the oil eni gasoline. Not
only is thies hazardous, as an incorrect mixture may damage the
angine, but it is almrl ascomianied by the sticky gum that
formz from eny epllling or leaking of the fuel. On the IE 250
the oil is.carried in & separate tank and delivered by enzine
driven, throttle-controlled pumm, It is delivered to the exhaust
side cylinder wall where it runs down into = groove, (after
lubricating this eylinder) then throuzh passages to boitk main
bearings. From there, it is slung off into the crankecese, end
mixing with gmeoline, lubricates the other voints im the usunl
two strolee menner. As mentioned before, oil consumption is
normal for two strolke engines, or perhaps elightly better. Cost
of the cylinder wes obtained from Mr. Reltz and is of interest.
The permanent mold zluminum, alloy casting, cost .6 Ez, per

Kilo (7¢ per 1b), or 2.2 Em (B.8¢) per cylinder, The liner cost
an additional ,9 Rm (Z.6¢)., The entire rather elaborate cylinder
casting cost tnem ll:¥,

Other Interesting features are a stesmped steel backbone
freme member welded togethar; an enclosead rear chain, accomplished
by the use of two ovel tubes fitting cloee to cast openings on
the transmission and to a stamped split box at the aprocket. The
chain ran in oil mist only, and rubber bends or sleaves fit
around the jointe snd held tha tube in place. This mllowed simple
chain adjustment, The primary chain was g rollerless chain with
fixed centers. The rollerless chain was said to eliminate stretch,

@ and demign projects are described
88 follows. The eight piston engine description with sketches and
assembly prints and photographs of the wooden mockup and of all
the finished parts that had been completed for what was intended
to be the firet test model, have been turned over to Mr. Madle of
this succommittee for inclusion in his Treport on aircooled
automotive engines.

was to be a knocldown affair, to use up
& minimum of shipping epace in transit, The spescifications follow:

S0 kilometers per hour - 30 m,p.h,
60 kilograms wt., 132 1be.
150 kilos load 300 1bs,
300 i, ernising range 180 mi.
125 ec.c. Hﬂg’i]:l.! 7.5 cu. in.
3 speed gear box \
Tire size 4,00 x 7, See Figures 12-20, 1‘50{'\
TP
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The Steyr Daimler Pach Compeny menufectured automobilesa,
motorcyclea, blcycles and engines, and as well during the war
manufactured ths Daimler Bamz 12 cylinder V exhsust-turbo super-
charged aircraft sngine. They also built a track laying truck
during the war. The plants are loceted in Eteyr, Grez, and
Wiener-Nieustsat, Anetria. The Steyr Daimler Puch Company is
tha result of the Steyr Compeny refinsncing the Austrie Deimler
Automobile Compeny and aleo the Puch Motorcycle and Bicycle
Company which is located in Graz, Austria. The company becane
sustriz'e only manufacturer of motorcycles. Thie occurred
eometime in the early 1930's. The motorcycle has been kmown
for 1te use of the "uniflow" single combtustion chember double
piston two stroke enginme later used elso by "Triumph" in Nurmmburg
(see report on "Triumph"), This desisn gives uniflow scavenging
and is described as & "Junkers" type opposed piston englne that
bhea been "folded" to get both connecting rods coming out the
sane end of the cylinder to one crankehaft.

Puch claim the best economy of any German two stroke, and
performance curves on the 250 c.c. model do show as low as 320
grams per horsepower hour fuel conswmption (.705 1bs per HP hr,)
(see ¥ igures 21,22,23), Triumph claim a figure 300, which when
we recall that the Triumph uses & rotary inlet valve and Puch
use piston controlled port inlet looks logical. Actually these
flgures are very close together, and the Triumph power curve
from which trnése figures come is "doctored" to meke s smooth
loclkding line and it would be difficult to tell which wes really
the lowest figure. Also Puch includes the oil in the figure
and Triumph doer mot. (See discussion of Triumph 250 c.c.
engine. )

The larger Puch model (380 c.c.) 1 much the oldest deeign.
It bas & clutch in the Imb ¢f the reer wheel and it is stated
that gear shifting is not too smooth for this reason.

Frame design makes nee of steel pressinge welded together
to form hollow frame fittinge.

The models differ particularly in the arrengement of thas
eylinders in relation to the chassls. The two larger (and older)
models employ a pair of bevel gears for primary drive to allow
placing the cylinders "amcross" the frame for cooling purpoaes.
They slso use the rear wheel hub clutch which becomes the esssiest
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thing to do with the bevel geer primary drive arrangement.

The newer 125 c.c. model hae the cylinders one behind the other
g0 ag to allow the more conventional primary chain, cluteh and
trensmission layout. Since the exhauet port side is ahsad

end there is stated to be = somewhat h.gher tempersture inm the
exhaust cylinder, no doubt this errangement is perfectly
Justifiable. The 250 ¢.c, model likewise has the cylinders
arrenged one bebind the other since it employs the bevel gear
primary, but uses the forked comnecting rod and ome crank pin.

The 350 c.c. model hes an engine design quite different
from the other two. It 4is the forerumner of the other two. In
this model the cranksheft lies in the same plene (not exactly
ag will be brought out later) as both cylinders. There are two
connecting rode. The crank pins are not staggered as in the
Triumph, tut instead the cylincer centerlines are staggered, one
ehead of the other to obtein differential piston motion. The
cylinder diemeters are not alike, the transfer port eylinder
(which 1s the offset one) being smaller then the other. Piston
operated crankcase inlet ports are located im both eylinders.
This arrangement allows the use of & single plece crank pin
instead of the offset double crank pin that otherwise would be
necessary as used in the Triumph. Timing disgrame show in
Flgures 21-A, 22-A, and 23-A., The performance ecurves for the
three engines show in Figuree 21, 22 and 23, Assembly drawings
of the engines and transmissions are listed im Appendix 14
and are available for inspection. Am incomplete Puch Motorcycle
waE merked for shipment to Washington from an enemy material
dump in Munich, and onme of the 125 e.e. models (nmew) has been
mariced for shipment mlsn.

Some interesting design and production-festures of the
models follow,

The "Y" ehaped con-rod connecting two plstons to one crank
pin with resnlting differentisl plston motion, is sccompenied
by a rocking motion of the "Y', This causes the upper ends to
vary thelr spread with relation to the cylinder centerlimes. To
allow this motion, one upper end is conventional and the other
is slotted to allow sllding across the wrist pin. The wrist
bin is flatted off to give plenty of bearing surface, and one
end of 1t 1s of smaller dimmeter than the width of thie flat
to allow assembly. (See Figure 24)

Frames are acetelene and epot welded., The steel is said
to be .30 to .40 parbon,
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A rather nice Job of welding gas tank shelle le dous
bty Toller seam welding. The twc sheets arc butted together
at the seam. The rollers squeeze the metal cut to meet eand
veld. (See Figure 25.) Froot fork sides are hollow and
rede Trom strmpings seem welded together, (See Figure 254.)
They cen weld 30 to L0 pleces an hour.

The eylinder head is die cest aluminpum alloy con-
taining 6% 51., 4% Cu, less than 1% Fe. The cylinder is
cast iron of 220 Brinnell, finished by broeching. Some
longitudinel scores were visible as a result of this pro-
cess. Blectrical equipment was purchased from Siemans
Scuuckert, Vieuna and Scintilla-Sclothurn in Switzerland.

Engines are oiled by gascline—oil mixtures. The 125
¢.c. engine produced YO HP per Litre (.65 HPfCu.in.), the
250 c.c. engine produced U2 HP per litre, the 350 c.c.,

W HP per litre.

The factories of tnis compeny contained 18,000 pro-
duction machine tools, of which all but 5000 were taken away
by the Russiaus. In 194U it ie claimed 12,000 motorcycles
were produced. The company built a supercharged 2 plston,

2 stroke racer with roots blowsr 12 years ago, but samples
of this machine and all drawinss were taken by the Bussians.
It is stated that the uniflow sncvengling design produces.
auch smoother Enrt—thzuttla running, zetting awey in scme
measure from "U and 6 stroking" idle.

Cost figures, teken from a British JIOS report on
the Grag Factory, are used in the following tadle. (Dollar
comparison is my own.) The bicycle figure looks out of
1iine, since bicycles made by Victoria listed in 1538 at
from 68 BM to 115 EN, but the comparison is interesting and
slgnificant. The largest export vas to Hungary.

=
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Model B.NM, § Motorcycle to
Bleyele Cost -
e — Comparison &
' A%
125 c.c. 475 $119.00 2.37:1 >
250 ©.C. 115 193.00 E.Eaal ..
350 c.c. 900 225,00 S0l oy
High Quality —
Bicycles 200 50.00 - ,{%
<~
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Model 125 actually has a displacement of 124,75 cu. em.
7.5 cu tn.}. The enzine i a two-stroke, deuble-piston
single-combuetion chamber design, "petrsll" lubricated.
The model hes & conventional chain primary running in oil,
three speede with foot shift, a zoe and spot welded frame
of mediun carbon steel tubing and a parallelogram fork.
The tires are Zf x 19. 4 crankshaft-mounted DC generator

with battery ignition is used.

The engine has one cylinder tehind the othet, thka

crankeshaft turning in the seme plane but in the oppasite

divection to the wheels. 4 forked comnecting vrod iz used

to give differential port timirg with one dliding wrist

pin. Needle roller crankpin bearings are used witk retainers. -
Neoprene or raw hide oil seals are uged in the crauk case =)
main bearlogs for compression. An pil lip and & flywheel o
slloger groove feed the crauk pin Dearings through a hollew §

pin, Three main ball bearings ere used.

~
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The engine has & single piston-operated inlet port, =

and the flywheels &re inside & creank case. The transmission L
drive 1s in through & main shaft and out through a lsy shaft. =3
The kick-sztarter gear is in constant mesh with the trans- ~
mission low gear set, and alweye tups, The kick-starter =
dog clutch slides on & splined shaft, pushed by a gpring ~
into mesh with & gear on the seme shaft through ratchet y

shsped dogs. It is pulled out of mesh when the pedal re-
turns, by & lug in the case and ¢ cam on the =lidiny dog

elutch., (See Figure 25.)

The frame reer upper stays and the seat frame-cluster
is very simple. The backbone tube bends down to form the
snddle riser end the upper rear frame stay tubes are a single
tube bent arcund like & vee, with the two bends ges welded
tagether, (See Figure 27.) The gaddle is pivoted and a
palr of temsion springs run back from downward projecting

levers. (See Figure 28.)

Model 250 S4 actually hat a displacement of 248 c em. (15.2
cu.in.). The engine is & two stroke double piston design

with & common combustion chamber. It has a "Y' shaped con~
necting rod on one crank pin, and the crank pin is clamped
in the flywheels with a pinch boss. The unit power plant
iz "Petroil" lubricated and the crank pin is oiled from a
slinger groove in the flywheel and & pickup flenze on the
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orank caee wall., There is a bevel gear primary drive, and
the engine shaft centerline 1s along the frame, with the
trensmission snafts across the frame, and the flywheels
wholly witnio the crenk care. The piston-opperated inlet
port is in one cylinder only. There ie & handsnift Y speed
trunenission of the same general design as the 125 model.
The clutch is in the rear wheel. The frame is of ateel
tuolng, bolted and welded.

The cyllnder flos are of sltarnately larger and smaller
dlameters, either for foundry reasons or for improved =ir
flow. Battery ignitlon ls usad, with a zenerator on an ex-
tension of the orankshaft.

Model 350 GS amctually has a displacement of 348 c.c. (21.72
cuin.). The enzine i1s a two-stroke, two—plston deslzn with

a cozmon combustion chamber, employins two comnecting rods,
one for sach piston, running ou guc crank pim. The cylinders
are gtaggered to give a differential siston motlon, and the
transfer-side cylinder (apsroximetely 47 sm) has a smaller
dlameter than the exhhust side oylinder (approximately 53 mm.).
Inlet ports are plston operated, one in each cylinder. The
cylindera are staggered, one slizhtly nhead of the other in
the frams, but they are side by side,

The flywhseasls are wholly within the crankcase. The end
flywnzels are pinch-boss clasped to the crenkpin, the ceater
one belng pressed on with a key, A nesdle-bearins lower end
18 used with retginers, which are made In three segments,
placed like thrust washers outsids of the bearing and sugaging
the rollers by slots. (3ee Figure 29.) Just why this arrange-
ment was ussd 1s oot apparent.,

The machine empleys a parallel ruler type of rear
gpring freme. It is stated that in wilitary work this allewed
the chain to jump off pceaslonally and so was not ussd on arzy
models., It 1a interesting becouse it is unique. The frame
fittings are pressed stesel welded to form hollow fittings,

The links are estimnated to be over six inehes in lengih
(scaled from photograph) and a coil tension spring is rigged
petween the links. (See Figure 30.). The front forks on the
350 c.e. end also on the 250 cle. were pressed atesl, curled
around in the die until the two edges of the stamping were
brought together and then gas welded the lensth of the fork.
This method wes said to be expensive.

This model also employed the clutch in the rear wheel
hub.




SECT - & HS &

Fichtel & Sachs A.CG. Schweinfurt Bavaris
Ilg Werks H, Christiensen - Pinneberz Bel Hamburg

These two compenies have both made two stroke motorcycle
engines as well as 2 cycle stationary eagines, the latter
field becomlng the strongest recently, presumably teceuse the
motoreycle manufacturers are going more and more into making
their own enginee, They are treated here together becaust

their products are engines ouly, Actually there is no comnection
between the comspanles,

The Fichtel & Sachs Company have alsc made ball bearings
and clutches, and 1t was becsuse of this thet many alr raids
were made againet Schweinfurt, with resulting demolition of the
plants including the motorcycle plant.

The Ilo Compeny hed two plants, one in Hamburg and one in
Pipneberg close by, The Hamburg vlant has been pretty much
deamzged,

FICHTAL & SACHS

Including statlionary engines, this company claims to have
supplied 500 to 600 motors daily. The stationary enzines made
9y thie coapany are being covered in ancther FIAT report.
EZngines furnished the motorcycle industry sre lieted and more
fully described as follows:

Model Saxonette, a motor wheel zor special bicycle
frame furnished Victorle, in Nurnberg.
This is reported in Section Y.

ggda; 14 ¢.c, Bicycle motor (mormal).
Model T4 £,e, Blcycle motor for dlamond frame bicycles,
Medel 98 c.c. Motor without kickstarter(for use with pedals),
Hodel %€ c.c, Motor with kickstarter.

Model T4 c.c. Bicycle motor (mormal) for loocp frames especially
constructed to take & motor. It has & two cycle engine with a
deflector pleton and a cast iron cylinder with cylinder head
integral. This motor uses only ite own design of cylinder end
niston, exhaust pipe engine mounting plates, rear sprocket and
inlet manifold. The traoenission ocrank case and clutch are the
game a8 that used on the 98 e.o. motor without kicketarter,




> . This model only differs from
the 74 ccm normal frame model in the mfunting brackets for the
motor. The cylinder does not carry the mounting lug used on
the other model.

Modsl 98 ¢.c, without Kick Starter. This model 1s arranged to
set in ths freme tilting forward. The carburetor manifold is
shaped to keep the carcuretor upright. This tilt is because

the tranamission case is rsised to clear the pedals and sprockst.

It ie, like the other models, & unit power plant engine
and transmission. The transmission employs two speeds and cork
ingert ecluteh, It is a two stroke deflector pleton engine with
cast iron oylinder and removable sluminum alloy head. The
flywheel magneto, mede by Bosch, supplies lighting gurrent.
Transmiseion and primary drive are grease lubricated. Primary
is by gears.

Model 98 ¢.c, with Kjckstarter. This model sits mpright in the
frame sinee there are no pedals requiring clearsnce. The kick-
starter is housed in the portion of the case especially provided
for it, and the case is an entirely different casting than the
one where kick starter is not used. The kickstarter is behind
the transmisslon.

110

This company has produced motors es follows for the motor-
cycle industry:

Types F-E0H and F-60E displacement 60 c.c. for attachment to
ordinary bicycles, "H" model over the rear fender, "R" model in
the frame. This model uses a clutch end reduction gear, but no

change gear transmission.

Tyoes FW 100 and F 120K. These models are 2 stroke 98 c.c. and
118 e.c. displacement, respectively. They heve aluminum cylinder
heads. They use 2 two speed gear box and clutch., The FML20K
differs from the other two in that it has a kick starter.

NOTE: At this writing it has not been possible to obtain any
drawings of these engines, and attempts are being made to obtain
these through the British suthorities since the plant is under
British control.

A leaflet describing briefly these motors is available, See
Appendix ii.
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