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INTERVIEW WITH DR,FEDERN OF CARL SCHENCK G.k,B.H. DARMSTADT.

1, OBJECT OF VISIT

No information concerrning the mechanical durability testirg of
radic equipment for the armed forces of Germany had been collected by
previous investigators, and very few targets associated with such work
were known., Accordingly, the main purpose of this viait was to discover
details of individuals, experimental and other organisations (service
and industrial) who have carried out investigation, development, desig:
or production work in conrection with the following subjects, together
with as many details of their work as possible,

(1) vibration and shock conditions in all types of aircraft,naval
vessels, road and rail vehicles, directed missiles etc., in
which radio or radar components and equipment may be operated
or transported,

(2) Machizes for the production of conditions of vibration or
shock etg,, for laboratory or factory test purpoaes.

(3) Accelerometers, vibration pick-ups, measuring, recordicg, or
analysing equipment suitable for examining the conditions
encountered during the forms of trazsport or use detailed in
(1), or created by the machines referred to ir (2).

(&) Stroboscopes and other test year auxiliary to the mechines
detailed in (2) above. :

(5) Troubles encountered with radic and radar components and
equipment due to the shock and vibration conditions en-
countered durizz the forms of transport or use detailed in
{1) above,

(6} The correlation of the performance of the machines detslled
ir {2}, and the test schedules devised tor radio and redar
componests and equipment, with the nature and severity of
shock arnd v.bration conditions encountered in the torms of
transport or use detsiled in (1).

(7) The protection of radio and radar couponents and eyuipment
from the shock and vibratiorn conditions encountered in the
forms of transport or use detailed in {1).

(8) The physical proper ties of the protective devices (anti-
vibration mountings etc.), detailed in (7) above.

Dr.Federn of Carl Schenck G,k B.H. was knuwn to be an expert on
the design of balancing and meterial vibratiun testi..p machines and
therefore likely to provide a great aeal of constructional cesign
date and experience relating to subject {2) above.
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2. SUMKARY

A description of the only vibration machirte produced by Carl
Schenck G,k.B.H. is given, together with nomirnal performance data,
and this is followed by a regord of the actual characteristios of
the machine observed in both a short preliminary test on a machine
inatalled in the factory and in a more detailed inveatigation of
the machirne carried out at a later date in this country. The
machine was found to be free fram all resonances except at the
maximum freqguency of 100 c,p.s, with heavy table loads when the
agitating system develcoped a trcublesome resonance, resulting in
a consgiderable increase of table amplitude at the higher frequencies.,
Suggestiorns to overcome this trouble are given, It should be noted,
however, that apart from the motor, the machine was originally designed
for a maximum frequency of only 70 c.p.s.

Much useful inforuation relatizg to the structural design of
vibration machi-es was obtained from Dr.Pedern, including details of
new agitating system, Those gystems are discussed at length in the
following pages. Systems are described for verying the amplitude of
a vibration table in a predetermined cyclical manner between two seleot-
ed values and for rotating the direction of a linear vibration through
360° at a predetormined rate.

Various methods of vibration table suspension for both horizontal
and vertical movements and methods of driving the table are discussed,

Vibration measuring devices and frequancy irdicators are described,
and brief details of work carried out on anti-vibration mountings are
given. Some notes on foundations for vibrating machinss are included.

Appendix I to this report contains the names of 34 organisations
and individusls who have carried cut work on the subjects enumersated in
paragraph 1 above, apertaining to the durability testing of radio
equipment for the armed forces of Germany.

Appendix II 1s a short account of an interrogation of Dr.Petersen
of the Technische Hochschule, Darmstadt and 1s included as it has sape
bearing on the subject of this report,

3. INIRODUCTION

Carl Schenck, G.M.B.H. of Darmstadi,Bssen in Germany, were engaged
prior to© 1939 mainly in the development and production of materials
testing machires and balancing machines, Amongst other instruments the
firm developed in 1936 a Reverse Bending Testing Machine (Wechselbiege-
machine ) employing a rotating eccentric and creank drive, the first



3, INTRODUCTION (continued)

machire being sold a year later, At the end of 1937, oc their own
initiative, they desigred a vibration table using the same driving
mechanism as ir the Reverse Bending Tester. The machine, known simply
as the Schenck "RBtteltisch” (Vibration Table), was developed because
there was no satisfactory mechine in existence at the time and it
offered good commercial prospscts, Prior to this date puly two
manufacturers were producing vibration machires. Loserhauser of
Dusseldorf (See ippendix I, para.2,) made one type of veriicel vibrating
table restirng on a rotating cam and guided im the vertical directiorn
and another energised by out-of-belance rotating masses. List of Derlin
(See Appendix I, para.3) also produced an cut-of-balance type vertical
machine, These machines were used for testing comnection of flexible
tubes subjedted to vibration in normal use and for other similar pur-
poses. The Schenck "Rfitteltisch™ provided a very satisfactory testing
machire capable of giving reproduciuvle results, The movement of the
table related to time was sirusoidal, and the machire was free from all
resonances over its operatizg range from O - 70 cp.s. freguency of
vibration,

Difficulties encountered in obtaining special driving motors for
higher speeds up to 6,00C r.p.m. celayed the raising of the maximum
frequency until 1942, In this year the Reichsluftfahriministerium
{R.L.M.) Depariment G.L.C.-5, (See Appendix I, para.l) having difficult-
ies with their own machines, asked Carl Schenck to supply a vibration
table better than their existing machines and with a maximum frequency
of 10C c,p.s, This Department G,L.C.-5 of R.L.M. was responsible for
the approval testing of aircreft components, Schenck's used their
standard table with a higher speed motor to satiafy this requirement,
and this is the machine at present in production., Subsequently they
received large orders for this type of machire and in 1944 they acld
150 machines, During the pesriod 1942-1945 they supplied two or three
machines each year to the firm Luftfahrigerftewerk Hakenfelde G.M.B.H.
(Berlin-Spandau,Streitstrasse, 5-17). (See Appendix I, pare.5).

The following report includes a dstailed description of the Carl
Schenck "Rtteltisch®(Vibration Table} together with general commrnts
on design of vibratior machines arising from an extensive interrogation
of Dr.Fedemn the present chief design authority on the Carl Schenck
"Rtitteltisch",

L]
4, THE DESIGN AND PERFORMANCE OF THE CARL SCHENCE "RUTTELTISCH"

4.1, Description of the Machine

The machine consists essentially of a table forced to execute
& linear vibrating motion in the plane contaizing its top surface.
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k.l. Description of the hiachine (continued)

This motion is imparted to the table by means of a simple lever
coupling operated by means of a motor drien crank, These parts
may be easily idectified in Plate,l, which shows an early model
of the camplete machine moucted on a suitable test bed.

The driving motor is a 220 volts D.C. shunt type of 1,000
watts rating., It is protected by means of an overload and no
voltage cut-outs ard its speed may be varied tetween 420 and
6,000 r.p.m. by Theostats connected in series with the field
and armature windings. The field rheostat of 1,2000 ohms is
intended for attairing the highest speeds only. Three aramature
rheostats have values op 27, 200 and 630 oh:is and are connected
in series, The high resiatacce control, 630 ohms, is used to
obtain speeds lesa than 1,800 r.p.m. One end of the drivirg
motor ia fitted with a revolution counter wnile the other end
carries the driving cam. This counter mey be used in canjunction
with & stop waich for measuring the table vibration frequency,
since this quantity is equal to the motor speed in revolutions
psr sec, The motor is supported by a welded channel iron frame-
work in earlier models, ard by a hnollow box-shaped castiog in
tre latest models of the machine, (See Plates 1 and 2).

The Ariving crank consists of two eccentrics whose relative
position, when locred together determine the radius of the circular
motion imparted to the big end of the lever conzecting rod. This
operation may be understood by referring to Figure 1., which
ahows the two -eccentric discs having circular profiles, one fitting
within the other. Cp is the centre of the inner eccentric I, Cq
is the centre of a spigot on I, to which the big end of the
gonnecting rod is fitted. Cp is the centire of 0 and also the centre
of rotatiorn of the whole. Tge eccentricity of the spigot Cy about
Cg is the vector sum of Cp C1 and 1 Cs. The eccentrics are
designed so that Cg Cj = C1 Cg, hence the eccentricity of Cs about
Cy may be varied between zero and 2 Cr C1 by rotating I through
180° with respect to O.

Figure 2 shows the mechanical details of the eccentric
mechanism, The outer cem is rigidly attached to the tapered end
of the driving motor spindle by means cf a <eyway and a re-
taining nut, The motor selected for thia machize was one havi:zg
a specially short spindle of larye diameter (§*). The fillet
on this motor spirdle eliminated the fatigue failures in this
region which were experienced om earlier machines without it.




4.2, Description of the Machine {cortinued)

The driving crank and the comnecting rod constitute a balanced
system., The balancing has been carried out by removing meterial
from suitable points of both the inner and outer eccentrics. The
balancing recesses have been deduced mathematicelly and are
identical for all machines, i,e., po experimertsl adjustment is
made to irdividual machines.

The clamping ring secured by four #allen’ screws, serves a
dusl purpose, Pirstly it ssmintains the wlected angular displace-
mant of the inner and outer ecoentrics, esecondly it prevenis any
play between these eccentrice from introducing harmonic distoriorn
of the table vibration waveform. The inner eocentric carries un
index mark on its periphery whoee positior relative to the scale
engraved on the outer socentric indicates the sclected eccentricity
or radial throw of the lever commecting rod big end. Ad ustment
of the amplitude is oarried out by slackening the clamping ring
screws and rotating the inner egoentric by means of a special
spanrer engaging two holes in its surfaoce.

The lever conpecting is of convertional design, made of
Elektroz alloy, and houses a self-aligning doiuble row roller
bearing within its big end. The little end is a fixed double
row rollsr bearing, and passing through this is= a pin which
is clamped to the upper end of the lewer, The mean pesition
of this rod and the lover are harizontal and vertical respectiwely.
The lever-is a si-gle machines Electro:x castin, hin. ed end
suppcu:-i:edZi is lower end by means of t:ue crossea spring strip
arrangement illustrated in Pigure 5. The .erits of this perticdler
hinge are;=

{i) there is no play presert to introduce harmonic
distortion,

(ii) rocking of the lever produces & uriform bendiry
momer:t in the atrips.

{1ii) rocking of the lever takes place about the point
of intersection of the strips, which
is fixed.

{iv) the stiffress opposing motior of the lever in any
unwanted direction is wery high,

Rotation of the drivem crank forces the lever to execute
a rocking motion whose amplitude at the upper end of the lever is
ecual to the eccentricity of the driving cam. The horizontal
projection of the motion of the lever af certain heights above
the hinge may be directly imparted to the table by means of the
table connecting rod.
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4.1, Description of the Machine (oontinued)

Figure 5 shows how this is achieved and the table amplitude may
be set to &, 1/5 or 1/10 of the driving crank eccentricity.
These fractions bave been referred to as the lever displacement
ratio.

The table connecting rod consisted of twe mild steel atrips
rivetted together, each of which had been pressed into a shape
providing inoreased stiffress in a plane perperdicular to ita
horizontal axis, The occurrence of fatigue failures in a region
close to the end clamping poi-tas necessitated the replacement of
this partiocular réd by filleted desigc illustrated_in Figure 4.

The table conaiats of a 40 cm., square machined casting of silumin
alloy havicg a plane upper surface provided with tapped holes for the
attachment of test on thair jigs., The table thickness is 0.5 cm.
or approximately 0,2" except in the region of the tapped holes and the
stiffenirg webs on the underside. Stiffening ia provided by the marginal
flanges and two equally spaced wets exterding from cne end to the other
whers ths table connecting rod is attached. The table is supported by
means of a thin steel strip extending over the whole width of each eod
of the table. Three paira of atrips are provided so that the table may
be supported at the heights corresponding to the three driving points
of the lever.

All parts of the machine, with the exception of the 630 ohms
armature rheostat, are mou-ted on & rigid cast iron bedplate measur-
ing 85 x 65 cms, which is wet fleatied and bolted down at sight points
to a oconcrete cube weighing approximately 1.5 tona, ' This concrete
block is supported on four rubber blocks, symmetrically placed near
sach corner, sc that its high resonant fregquency in any mode of
vibration is about 3 c.p.s. .

4,2.Psrformance of the Machine

4.2.1. Nouigal oharaoteristios.

The handbook supplied with each machine contains the
following information:=-

The displacement waveform of the table is prectically
sinusoidal throughout the frequency range of all load walues.
The upper frequency limit of 100 e.p.s. and the lower limit
of 7 G.p.8. are determined by the design of the driving motor
nsed and the magnitude of the maximum ssries control realstance
inasrted in its armature circuit.

The vibration amplitude of the table is claimed to be
independcnt of -frequency, and is equal to the selected eccentricity
of the drivizg cam multiplied by the lever displacement ratioc used,
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4.2,1, Nomirel cheracteristics. {contirued)

A dial gauge or microacope for amplitude measurements were only
supplied with the machine oo special request., Aalthough the
sccentricity of the driving crank may be adjusted to as high a
value as 20 mm ecceniricitiea greater thar 12 mm should ot be
used. Eccentricities between 10 and 12 mn may be used occasionally
for tests lasting only a few minutes, while values between 0 and
10 mmn may be used for long duration tests, These rules apply
irrespective of which lever displacement ratio is used, Amplitude
rangea 0-5 mm, 0-2.0mm, O-1. Omm are tharefore obtairable
corresponding to the lever displacement ratios, :2, 1:%, 1:10.
In view of the reduced bearing loads the lever ratio should be
selected s0 that the amplitude reguired is contaized in the
smallest range.

The table load, which includes the weight of any davices
for securing the test body to the table, must ot exceed 50
kilogrems, This limit, imposed by the atrength of the table
suspension strips, is identical for all lever displacement
ratios.

The capabilities of the machine are summarised in F.gure 7,
whose gurves for various lesver ratios indica‘e the relation between
the maximum permisaible acceleration which the table can apply and
the weight of the table load.

It will be noticed that the reduced bearing loads consequent
upor the use of the lever ratios 1:10 and 1:5 permits the provision
of higher teat acceleratiors up to 30g.

Curves are give:n in Pigure 8, 9 and 1C showing the maximum
vibration frequency permissible for various loads over the three
amplitude ranges available by using the three different lever ratios
1:2, 1:5 and 1:10 respectively. It should be noted that amplitudes
on the right of the vertical dotted line on each chart may only be used
for tests lasting a few minutes,

be2.2, Qbserved Characteristics during preliminary iest,

Tests were carried out on a machine set up in the
factory Darmastadt. The performance of this mechine was examined
throughout the freguency range of 30-100 cp.s. pemitted by the
design of the D.C. shunt motor and its controlling rheostats,
The waveforms of amplitude, wvelocity and accelsration of the table
itself were invesatigated by means of an electromagnetic pick-up
and using a Mullard Type E.805 oscilloscope together with a special
differentiating end integrating unit produced by Phillips of Eindh.ven.
By feeding the velocity waveforw into the unit it is possible to obtain
the acceleratiopwaveform by Adfferentiation or the amplitude waveform
by integration.



L,2.2. Observed Charscteristics during preliminary test
{continued)

Representative waveform taken at a npumber of different
frequenciss for lever ratios of both 2:1 and 10:1 are shown in
Figures 11 and 12 respectively. iAn irertia operated electro-
magnetic vibration pick-up manufacturerd by Phillips was used
to provide the velocity waveform, The derived acceleration wave-
form is of the most intereat and it will be ncticed that some
distortion is apparent at certain frequencies. This is due to
some slight resonance in t:e machine either on the base or on
the table, but it will be seen that the waveform is approximatsly
sinusoidal. The high frequency ripple on the waveform, most
roticeable on tie acosleration waveform, is due to interfererce
from the ball-races on the double-eccentric and om the vertical
lever,

I@eally the amplitude of vibration should re.ain constant
for any given settizg of ths eccentric drive over the entire
frequiancy range. Dr.Pedern stated that the machipne had been
desi,zed from Stress rather then Constant Amplitude consider-
ations. No complaints had been received from firms which had
purchased the meohire and the variation of amplitude with
frequancy due to insufficient stiffpess had not been investi-
gated, Users of the machins were concerned only with obtaining
reproducible resalts, the machine bei: g used for productiocn
testing and not as & calibrator of vibration instruments.
During the sbove teats trouble was experienced dus to ihs motor
fixizg bolis becoming loose and causing the GAnther Tachometer,
which was mounted on the opposite end of the motor shaf't to the
Souble Eccentrie, %o vibrate sxoesaively. This happened twice
Tut was fousd to be due only to insufficient tighning of the
fixizg bolts.

L.2.3., Results of further investigation

Further tests have since Wesn carried out with varioua
table lcads and amplitude settings. The mechire usad for these
tests is shown in Flate 2,

During coe test the amplitude, velocity and acosleration
waveforps of the table were chacked by means of an sleotro-
magnetic vibration pick-up of the type used by Carl Schenok
o.4.B.9. on their balancing maohines. The velocity waveform
produced by this piock-up was integrated and differentiated to
produce amplitude and acceleration waveforms respectiwvely,
ard these were displayed on an oscillosoope and photographed,

The results are shown in Flates J and 4 attached, the oscilloscope
time base being locked at half table frequency, tnus showirg two
successive cycles,
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L+2.3. Result of further investigation (continued)

It can be seen that all the waveforms, especlally those for the
loaded condition, approximate very closely to a pure sine wave. The
integrating circult was substantially linear between 20 and 100 c.p.s.

and as the gain of the oscllloscope amplifier -was the same for each
displacement waveform.shown the pesk amplitude of the sine wave may be
assumed to be approximstely proportional to the actual table amplitude,
Unfortunately the gain of the amplifier used was sufficient to give
only a small amplitude sine wave on the photographs but it is clear
that under "No loed” conditions the table amplitude is approximstely
constant. This has since been checked by visusl means and found to be
true. Under the 55 lbs. load conditions however, the amplituds
increases by 100% between 50 and 100 o.p.s,, being & 0.005 c.m, from
20-50 ¢.p.s. and increasing to & 0.010 c.m. at 100 c.p.s. Compared
with other existing types of machines this is by mo means a poor
performancs.

Tests oarried out at the same amplitude ¢ 0.005 c.m., but with a
table load of 410 lba, show a grester increase of table amplitude. It
is interesting to note that the maximum permissible table amplitude at
100 ¢epes. for & loed of 110 1lbs. is given by the makers to be + 0.007
c.m., 30 that the machine was belng operated well within ite specified
limits.

In order to inveatigate the cause of the increase in table
amplitude we muat consider the individusl strength of the variocus items
constituting the moving pearte and their mountings, and the possibility
of resonances ln the parts, occurring at freguencies close to or below
100 c.p-8.

The concrete mounting block and the cast lron base-plate were
both checked and found to be rigid and to have negligible movement in
any direction. The concrete block is mounted on four synthetic rubber
blocks and has a resonant frequency below 5 c.p.s. in any direction.
The motor and its mounting block were alsc found to be completely rigiad
relative to the base-plate under loaded running conditions.

Considering the moving parts, the tsble itself and its load were
ocbeerved to have the same amplitude of vibration in the intended
direction at all points on their surface and showed no movement in the
Plane perpendicular to this. We may ressonably suppose therefore, thet
no resonance of the table, its load or the table suspension strips was
ooccurring.

The remeining possible sources of the trouble are now the table
connecting strip, the strip clamping arrangement, the vertical lever,
and the motor shaft. The clamping screws were all checked for tight-
ness and no slipping movement could be cbeserved with the aid of a
stroboscopic lamp. The table conneciing strip was knowh to be & wesk
link and is in fact over-stressed in tension by a factor of 100% when
operating at 100 c.p.s. with an amplituds of + 0.005 o.m. and & load of
110 1lbs. It was observed that the strip was buckling at the end
nearest to the vertical lever, and had at tnis point an sboormally large
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4.2.3. Result of further investigation (continued)

vertical movement thus allowing the table amplitude te increase in the
horizontal direction. The split steel tube tended tospread at the
ends allowing the supposedly stiff portion of the strip to bend along
part of its length.

A new connecting strip suggested by the designer of ths machine,
Dr. Fadern, waa mantfactured and fitted. It consista of acute angle
orcssed steel strips at each end and is supported along its centre
section by thick strips of light alloy., It is shown in detail in
Figure 6 and may be seen fitted to the machine in Flate 5. This drip
Proved to be more successful than the original, although there was still
a slight tendency to buckle at the lever end. Instead of being by far
the weskeat part of the system, however, it had now become relatively
strong end othar rescnances showed up, nsmely in the vertical lever and
the motor shaft.

¥ith 110 1bs. load and a table amplituds of + 0.005 c.m. the lever,
when viewed by stroboscopic light, was sean to be becding along its
length as a frequency of 100 o.p.s. was approached. This was confirmed
by measuring the saplitude at a number of points on the lever as the
frequency was varied. The amplitude of the centre peint of the lever
remsined conatant up t0 70 c.p.s. and then increased until approaching
rescnance, at sbout 97 c.p.s., it was approximetely twice itas previous
valus, The eccentric was then set to an almost negligible throw,
nomipally zero, and on running the motor thivugh the whole frequency
range omoe more the amplitude of the centre of the lever appesred to
increase fourfold at resonance, the throw of the ecoentric having
incressed sbout 308. Above the resonant frequency of the lever the
saplituds of the centre point decreasad to 200% of tha undiatorted move-
ment whilst the top of the lever and the eccentric became almost
stationery.

This latter effect pointed to resonance of the motor spindle over-
hang carrying the eccentric. The thsoretical self resonant frequencies
of the lever and the motor spindls wers calculated for a table load of
110 1bs. and were found to be 111 o.pe.s. and 99.3 c.p.s. respectively.
These values compare very reasonably with thoss found expsrimentslly.

It should be noted however that in calculating the latter value, 99.3
C.PeBs the gyroscoplo effect of the sccentric disc on the configuration
of the shaft under conditions of whirling was not taken into account.
This effect might in practice produce a first critical speed different
from the figure of 99.3 c.p.s. given sbove. The self rescnant frequ.ngy
of the connecting rod between the sccentric and the verticsl lever is
relatively high snd it may tharefore be assumed that no resonance
occurred in this rod.

Rasonance of the driving system was also encountered with a table
load of only 75 1bs. The test loads consisted of 14" aquare sheete of
mild steel in two thicknesses ® and 3" built up to required weight and
bolied to the table with five bolts one at each corner and one in the
centre. It is therefors intereating to note that in testing & standard
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4.2:3. Result of further investipation (continued)

radio chassis weighing 70 1bs. no resonance effascts were noticed, this
being due to the efSwotively lighter loading of the table caused by the
resilisnce of the radio chasais tsking up part of the scocelerating
forcea of the heavy components countained therein., This in effect
means that although the machine is unsatisfactory at maximm frequency
and load with the new connecting link due to resonance in the driving
syatem when vibrating a dead load, it mey safely be used for teating
atandard types of radio chassis in which, by reason of their method of
construction, a certain amount of resiliemnce 1 inevitable,

o244 Suggested Improvements

The maching shown in Flate 1 has a motor mounting mede up from two
seperate sections of channel girder. This was later replaced by a
s01lid box shaped casting which gives much greater rigidity to the
driving system. The lever is also shown as having only two different
ratio connections 10:1 and 2:1, but thia has now been modified to provide
the three ratios 10, 5 and 2:4.

In view of the experiasnces desoribed in the above paregraph, it
would seem most desireble to incresse the strength of the verticel lever
to raise its sslf rescnant frequency well above the operating range of
the machine, that is to at least 140 c.p.s. The skirt of the resmonance

curve would then not cause any apprecisble increase in amplitude 'such
as ocours above 50 c.p.s. at present with moderate loads.

The motor shaft carrying the eccentric should also be incressed in
diameter and if posaible the eccentric shaft overhang from the motor
bearing should be reduced, in order to raise the first critical speed of
the shaft overhang to the order of 7,800 r.p.m. (130 c.p.z.). The
increased weight of the vertical lever would necessitate a stronger
shaft in any case, and it might even be advimable to mount the eccentric
on a separate large diameter shaft either overhung or slung between the
bearings and driven by the motor through a torsionally rigid coupling
such as & metal bellows. If the eccentric were to be slung beiween
bearings then a change of eccentric design would be necessary. This ia
not Jesirable and difficulty would also be found in providing a suitable
support for the outer bearing. 'There would, however, appear to be
insuffioient clesrance on the present bedplate of the machine to move
the motor in order to accommodate a coupling and bearings for an over—
bung sccentric, and therefore a speoial motor with a large diameter
spindle presents the woast convenient solution.

The performance of the table comnecting strip would definitely be
improved by replacing the acute angle or crosased strips by right-sngle
crossed steel strips at each end, the centre portion being mede very
stiff. Thias would entail slight medifications to the vertical lever amd
its present erossed strip pivot arrangement to allow the greater
olearance required by the crossed strips of the connecting rod. The
polot of intersesotion of the crossed strips on the connecting strip
should also lia on the line Joining the point of pivot of the vertiosl
lever and its upper fulorum point in order to reduce vertical movement
of this end of the conneoting strip to » minimm.
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4e2.4. Suggested Improvements (continoved)

The comnecting rod between the eccentric and the lever might also
with advantage have the present ball rasce at the top of the lever
replaced by a crossed strip pivot providing only small movements are
required. This would eliminate any interference due to slacknesas or
wear in the ball race.

For general vibration testing purposes where the frequency of
vibration is only required to a moderate degree of accuracy a tachometer
indicating cycles per second or per minute is preferable to the counter
fitted at present.

The motor speed is varied by a combination of three separate
variable resistances in series with the armature and one resistance in
the field circuit. The speed control for the whole range would be more
conveniently effected by one armature and one field rheosiat.

5.  GENFRAL COMMENTS OK VIBRATION TESTING AND BALANCING OF ROTATING
ASSEMBLIES BY DR. FEDERN

5.4. Detailed design considerations of vibration machines

5.1.1. Methods of driving the table
(1) Mechanical methods

The two ususl methods of driving a vibration table mechanically
are in the first place & direct link between a rotating crank or
eccentric and the table and secondly =n out-of-balance rotating weight
or weights attached to the table itaelf. The latier method has the
disadvantage that th: amplitude of vibration will vary with the load on
the table.

The first method, using a direct drive will provide a constant
amplitude of vibration, providing the sgitating system 1a not over-
stressed in any way, but still suffers from the disadvantage that bearing
play interferes with the vibration waveform at small amplitudes and also
that bearing loads are high.

Both these latter dimedvantages may be overcome in part by
employing lever coupling to the table which has the advantage that great
accelerating forces can be produced without damage to the bearings of the
machioe, and as in the aase of the Carl Schenck machine the table
amplitude may be set very accurately over a wide rangs by making uas of
different lever ratios. Adjustment of the eccentric also provides the
sapiest method of regulating the table amplitude. Bearings of all types
ahould be avoided whersver possible in the driving system and spring
loaded bearings should not be used as they have the sericus disadvantage
that the bearing load is doubled in one directioh.
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%.1.3. Table suspension for linear horizontal movement (continued)

reducing the weight of the table which would not ther have to be a0
stiff as the distance between supperts would be greatly lessened. A
disadvantage of the atrip method of suspension is that curvilinear
motion of the tables takes placea, If the height of the strip is
increased to minimise this then it is not stiff enough to withstand
high loads without buckling. If stiff lengthening plates are
introduced as shown in Figure 13(b) then resonance within the suspension
system itself becomes more likely, several modea of beading of the
strips being possible, two of which are shown in Figure 13{c}.

In order to avoid stress concentration at the clamping points on
the atrip it is found very useful in mmall machines to perforate the
strip near thess points aa shown in Figure 13(e). For larger machines
it is better to remove materisl from the strip as shown in Figure 13(f),
grinding being carried out in the direction shown,

The beat suspension is consldered to be the cruciform strip .
srrangement shown in Figure 13(d), horizontal resonance being avoided
because of high stiffneas in the horizontal direction of ths centrsl
mass, The beat results are obtained here when the thickness of the
strip is one tenth of the length. The length, or distance between the
clamping points must be such that with maximum deformation no stressea
are produced which exceed half the overstrain value. Small lengths
should not be used as thay are subject to shock damage due to overstrain
at very small displacements.

The table suspensicn also has to bear the vertical rocking stresses
which sre produced when the centre of graviiy of thes load is much above
the table level. This condition does not influence the stresses in the
agitating system of the machine unless the amplitude of vibration of tha
top of the load increases due t¢ resonance or a near approach to it.

The relative sizes of cleamping strips and bolts, when the strip
wethod of suspensicon is used, ars shown in Figure 14. The recessed
haxagon bolts, of high tenaile stesl, should be as tight as possible and
the holes in the clamping strip and the syspension strip should give
sufficient clearance to the bolt to ensure that the suspension strip is
clamped entirely by friction and that no vertical forces act upon the
bolta. The bolt shank diameter should be 40% of the width of the
clamping strip and the angle @ on the disgram should be 45°. If the
angle is greater than this value, the bolt shank will be larger and
insufficient material of the sirip will be left for oclamping. The
lateral spacing of the bolts should be esqual to the width of the
clamping strip. The bottom edge of both the clamping and suspension
strips should be machined so that end support is provided by a good butt
contact along the whole of their length,

In the present vibration machine the suspension strips are of cold
rolled steel work hardened, and the clamping strips are of soft iron.
No cement or varnish is used in the asaembly of the strips.
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5.1.3. Table suspsnsion for linear horizontal movement{continued)

In ceses where forced drive is not used ceare must be taken to
ensure that buckling of a plain or cruciform strip suspension does not
occur by the table "flopping™ to one side under load. The table
displacement should be limited so that at the meximum possible
displacement the bending moment in the atrip is not exceeded by the
monent of the total load on the strip about the top edge of the
olamping arrangement at the bottom of the strip. This also applies to
spring supports in balancing msohines.

5¢%.4+ Table suspension for Circular Horirontal Movement

In order to produce this movement it was suggested that the table
should be supported by four bars at four corners and energised by an
unbalanoce rotor under the table, operating in the plane of the centre
of gravity of the table and the load ocombined in order to avoid
Preceasion. This system would neceasitate a heavy bedplate and ia
probably uot suitable for frequencies in excess of 100 c.p.s. It would
posaidbly be better in this case to suspend the table om springs to
isclate the foundation froa the vibrations.

S.1.5. Table suspension for Vertical Movement

Vertical guide arrangements are unsatisfactory. Trouble had
been experienced by the firm of List, Berlin (See Appendix I, para.3)
with plunger guides and roller guides wearing quickly becanse the balls

run on a very smal]l fraction of the guide especially at low amplitudes.
The waar thus produced will cause play in two direotions perpendicular
to each othor and to the required direction of motion.

Spring suspension may be used, or preferably the Carl Schenck
vibration table could be turned thraugh 90° and a suitable right angle
bracket used. An example of this type of machine was seen at the Carl
Schenck Factory.

A very promising form of suspension was suggested by Dr. Federn
as shown in Pigure 15(a). The plate is of spring ateel and is attached
to the bedplate by the four outer holes and to the vibration table by
the four inner holes or vice versa, the plate being in the bhorizontal
rlane in its unatressed condition. A mumber of these plates are
arranged arcund the edge of the table, which should be of deep cast
oonstruction, and a musher are alsc arranged in a lower horizontal
plaps to prevent rocking of the tabls, With this arrangement as shown
in Pigure 15(b) a perfectly linear vertiosal movement should result with
no tendency towards rocking or horizontal movement of any kind. The
dimensions shown on Pigure t5(a) for the plate are those suggested by
Dr. Pedsrn.

5.1.6. YFoundations for Vibration Machines

In the case of the Carl Schenck Machine a foundation block of
conorete weighing 1'} tons was used. This mass was based on experience,
as & heavy foundation wam necessary in order to obtain a linear movemsnt
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5.1.6. Poundstions for Vibration Machines (continued)

The table should be wet floated on to the top of the block. The
resonant frequency of the block on its four aynthetic rubber feet for
oscillation in a vertioal direction is wot greater than 150 c.p.m. and
the rocking resonant frequency is lower than this. A slight

preference was stated for suspension of the block from above rather than
support from below owing to the possible danger of the foundation falling
over due to tilting in scme oases.

The alternatives of isolating the foundation or embedding it in the
zround are immaterial at frequenciss up to 3,000 c.p.m. but above
this freguency isolation is essentlal, as floor springiness gives rise
to resonance troubles. Spring suspension has been found necessery to
meet the severest requirements of accuracy but rubber blocks are best
otherwise. Friction devices allow amall amplitudes to pass and a great
deal of trouble may result with nearby machinery even if only one
vibration machina is concerned.

If it is desired to have tha top of the foundation at floor level
it should rest on rubber blocks at the bottom of a sultable pit as showm
in Tigure 16.

It ia recommended that the foundation block should be made of a
material called ®“schwerspat® which has a density oomparsble to that of
granite (schwerspat = hsavy spar, barytes). The foundation block must
be in one soclid piece and must not be coamposed of several ssparate slabs.

Holding down bolts for the table should be bedded into the block,
ressing right through if possible, and they should be quite free from
grease before coming into contact with the concrete. Another method of
holding down might be to tap the bolts iato an iaverted channel girder
embedded in the blook.

5.1.7. AdJjustment of 1litude

The Schenck double sccentric cannot be applied to a spindle between
two bearings. This difficulty might be overcome by using an arrangement
such as is shown in Pigure 417. The outer eccentrio which forms the
inner rasce of the ball bearing at the end of the conneoting rod, is
clamped to the inner eccentric by three set sorews. The screws pass
through three slots in the outer sccentrio into three of six tapped
holes equally spaced on the face of the inner sccentric, which is keyed
to the driving shaft., Thus by loosening the three screws the eccentrics
may be moved through 60° mlative to oach other, and by moving the three
screwa to ths other three tapped holes they may be moved a furthar &60P,
and similarly sgeio for a further £0° tus giving 180° of adjustment from
minimum eccentricity of the ball race relative to the shaft.

The sbove system naturally calls for a large diameter ball bearing
shich is a disadvantage at the higher speeds, as the circumferential
speed is increased and lubrication becomes difficult. Also slackness
in the bearings becomss more proncunced in the larger sizes.
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5.4.7. Adjustment of Amplitude (continued)

Dr., Federn had no practical experience of methods of adjusting f
amplitude during motion, but stated that Dr., Peterson (see Appendixz I, i
para.9} of the Technical Hipgh School at Darmatadt might have some

information on thia.

During en interrogation of Dr, Peterson (see Appendix II) two
methods of amplitude adjustment during operation of the machine were
suggeated. These two methods ars shown dlagrammaticelly in Figure 18.

The first method ia sultable for an out-of-balance type of machine.
The out-of-balance weight (or weighta) is held against the centrifugal
force arising during rotation by a flexible wire or chain which is
passed round a bar or pulley wheel on the shaft, the axis of the wheel
being at right angles to the latter, and rums axially along the shaft to
a collar. The collar is constrained to rotate with the shaft by means
of splines but is free to be moved axially by means of a suitable lever
running in a2 slot or on a ball race. In thia way the weight may be
moved relative to the shaft and at right engles to it thus producing more
or leas unbalence as required which will in turn vary the amplitude of
the vibration tasble for any given load.

The second method may be used with a hydraulically operated table.
The crank assembly, C, produces a fixed oscillatory movement of the
lever P Q which is pivoted about the point P.  The roller assembly, R,
transmits this movement to the piston of the drive pump, S, which
produces the movement of fluid in the hydraulic systen necessary to
@rive the vibration table. By sliding the whole pump along the lever
P Q the stroke of the piston may be varied thws altering the table
amplitude accordingly.

Dr. Federn also put forward some idees for varying smplitude
durlng cperation, although these had not yet been tried in practice.
One idea employing out-of-balance rotating weighta finally developed
into the syatem illustrated in Figure 19.

The vibrating table, T, is suspended on steel atrips, S, as in the
standard Schenck "Rutteltisch", The strips are mounted on the
foundation block on which is alse suspended a heavy mases, M, by zny
suitable means which will allow all round movement with a low self
resonant frequency. Toe the top of this mass is rigidly fixed a
vertical arm, L, which is attached at its top end, through a crossed
strip arrangement and connecting strip, to the table, A single =mall
rotating unbalance weight, R, may be positioned at any point along this
vertical amm from the centre of percussion, CP, of the combined mass, M,
and arm, L, to the top of the arm. When the rotor, R, is positioned at
CP, then the effect on M and L combined will be very amall and will
cause prectically no movement. As it is moved towards the top of the
arm, L, 1.e. away fran the centre of percussion, the moment of the
acceleratiog force produced by R at eny instant will increase causing M
and L to oscillate torsionally about CP. The creater the moment the
greater the angle of oscillation will be and thus the horizontal
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5.1.7. Adjustment of Amplitude (continued)

movement of the top of the arm, L, will increase accordingly. Most of
the vertical accelerating forces produced are absorbed by the mass, M,
but any slight vertical movement is taken up by the crossed atrip and
link assembly between the top of the arm and the tabls, As the centre
of percussion will vary with the position of the rotor, it is mot
possible to pivot the mass, M, and in any case thia would result in the
vertiocal unbalance forces being transmitted to the foundation.

Another idea he had in mind was to use twin rotors running at
8lightly different speeds sc that the "beating® effeot would produce a
oyclic varlation of amplitude in any given direction, say horisontal.
Vibration in ths vertical direction could be eliminated in any conven-
ient way. If an independent drive was used for each rotor the faster
would tend t6 pull the slower to it and thus belt or gear coupling
between the two drives is neceasary.

In usiog multiple exciters without a positive coupling between
them it is possible to get synchronism in phase opposition giving zero
smplitude. From energy caloulations it may be dstermined whether the
exciters will pull into phass opposition or into phase synchronism.

Dr. Federn had not used any constant amplitude device on
vibration machines, although electrical contact dsvices were used for
this purpose on Fetigue Testing Machines such as the Schenck "Pulser™.
He stated that Phillips of Eindhoven (sse Appendix I, pars.23) might
bave information on a magnetic ooll pick-up for comtrel purposes,

5.1.8. Adjustment and Central of Frequency

Dr. Federn had carried out no messurements on frequency stability.
Where troubles arise due to instability autometic comtrol should be -
used. He 1s opposed to the use of gears as they produce high frequency
resonances in different perts of the machine. For large machines where
gears are used these should be of the double helical type to provids the
emoothest posaible running. Dr. Fedemn had no experience of fibre
gears used under these oonditions.

As large a motor as possible should be used to obtain msximum
stability. Synchronous alternating current motors are useful for high
speeds and the frequency is fatrly essily adjusted. Altermating
current series motors are greatly influenced by supply voltage
variations and should thus be avoided.

5.1.9. Large Vibration Machines

For thias type of machine an out-of-balance exciter is preferred
with the load suspended. There are many design difficulties in the
construction of a largs forced drive machine and ths cost is prohibitive,
Troubles due to torsional oscillations have been encountered where two
exciters are linked by loaded rubber ocouplings., Metal bellows (see
Appandix I, para.22) are preferred as couplings as there i no backlash
with this type.
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5¢1.10. Constant Acceleration

Dr. Federn had not carried out amy work on this subject, but he
stated that there had been a machine for producing known accelerations
at the Technicel High School (Techmische Hoschschule) Charlotenburg,
Berlin (see Appendix I, pers.28). A Professor Cornelius had been
engeged on investigatlon of torpeda gyros and had cerried out testa on
gyro apparatus,

It was conaidered that impact type machines gave no information
regarding the actual conditions, and, except for apperatus subjeot to
severe ahock conditions such as in torpedoes, a vibration test was
considered adequate in all cases.

5el.11. Variation of Direction of Vibration

Vibration tests carried oui to detect loose contacts and wiring
in apperatus using a Cathode Ray Oscilloscope as sn indicator require
the direction of vibration to be varied. Dr, Fadern had 1ittle
experience of actusl results of auch tests, but he stated that lipesr
myvement was preferred because the acceleration could be calculated.

He suggeated a system of producing linear motion using rotating
unbelance weights such that the direction of the accelerating force
applied to the table was rotated continuously in the horizontal plane.
One out-of-balance mass with its axis vertical is driven by the motor
and two others are positioned also with their axes vertical on opposite
sides of the first and gear driven to rotate in the opposite direction
to it and at 2 slightly differeat speesd. The masses are such that the
vibromotive couple im the same for the outer masses as for ths inner.
The direction of the resultant accelerating force will thus rotate at a
rate determined by the ratio of the gear drive between inner and outer
shaftsa.

Using this system to apply a vibratory motion to the teating
table the efficiency of the check on electrical conmnections of an
apparatus is greatly increased.

5.2, Vibration Testing of Materials

Concerning endurance testing Dr. Federn stated that investigations
carried out at the Kalser Wilhelm Iustitute, Dusseldorf, (see Appendix I,
pare.29) had shown that the endurance limit of steel was no different
over the normal range of frequencies around 1,000 c.p.m. than it was at
frequenciea of 30,000 ¢.p.m. On dsmped materials, however, the
frequency does have an effect as for instance in rubber in which internal
heating results in fracture by heat and strain, It is posaible to get
trouble in steel due to the fact thet damping is greater in torsionel
strain, and the requirement therefore arose for a toraion testing
machine,

Plastics behave in a similer manner to rubber although there is no
initiel elastic deformetion. After working, however, they tend to become
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5.2, Vibration Testing of Materisls (coatinued)

slastic and therefore their endurance depends on the fregquency
employed.

The Technlcal High School, Darmatadt, state that long term
investigetions on endurance of materials is unavoidable, Shorter
tests are unreliable as the type of failure curve is not known.

Static investigations had been made under heat conditions, and plastics
and sieels had been under test in ovens for two years.

The necessity for high and low temperature vibration testing was
considered to depend upon the materials and was probably not necessary
for metallic articles. Impact test reaults, however, definitely
depended on temperature and low temperaturs teats were carried out on
materials at different temperatures in several places.

In connection with the high fregquency vibratica testing of
materials, Dr. Federn stated that amachine had been developed in 1928
for this purpose. The specimen under test was clamped between two
iron end pieces, ons of which was fired, the other being suspended so
that 1t was free to move axlally with reapect to the specimen under the
influence of & large electro-uagnet. The whole machine waa installed
in a speciel soundproof room. The magnet was D.C. polarised and
supplied with elternating current at 500 c.p.s. The smplitude
nontally used was 0.2 m.m. deflection controlled to & 1% and satreases
up to 100 Kg/mn were produced.

5.3. Anti-Vibration Mountings

Dr. Federn mentioned two firms concerned with the production of
anti-vibration mountings. The first was the Continental Caoutachouo
Co., Hanover (ses Appendix I, para.3!) who manufacture mountings similar
to the metalastik type, the second being "Getefo®" (Gesellachaft flr
Technischen Fortschritt G¢.M.B.H, =~ Company for techmical progreas) of
Schwarzach, formerly of Berlin (see Appendix I, para.30). Mr. Clemens-
A. Voligt of the latter firm was engsged om investigation of new methods
of isoclation and new materials.

It was considered that better resulis were obtained by using a
large namber of amall mountings rather than a few large ones.

Non~lintar mountings could be designed to give s constant resonant
frequency for different losds, although this frequency varied for
different amplitude vibrations, being low for small and high for large
amplitudes.,

nr. Klotter {see Appendix I, pars.26) of the Technical High School,
Berlin has carried out work in connection with this aspect of vibratory
movenent. Two firms ZeisswJena (see Appendix I, para.25) and Leitz of
Wetzlar (sse Appendix I, pera.32) were experimenting on microspope
isolation mountings. Dr. Bayerling of Anschutz {see Appendix I, pare.l)
has investigated the isolation of gyros from vibration (see Appendix I).
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5.3, Anti-Vibration Mountings (continued)

Metal anti-vibration mountings using steel springs with oil
damping allow vibrations of the foundation to be transmitted through
the oil damping. However they are considered to be good for
absorbing energy where vibrations in a machine have to be reduced.
Steel springs with friction damping are unsatisfactory because if the
mechaniocal foroes due to vibration are smaller than the damping
fristionsl forces then the mounting becomes a stiff connection.

Rubber mountings were preferred to steel because they absorb
shock apd dmmping is provided by the rubber itself.

5.4« Measursment of the Amplitude and Freguency of Vibration

Much informetion on vibration measuring devices is contained in
#Archiv fir Technisches Messen (ATM)" end also in "Electrische Messung
Mechanisches® (Ref.1). The accuracy of differect electrical measurirg
methods is described, covering photo-electric, capaeclty and induction
types of pick-up and also strain meters of various kinds.

A more theoreticel work on the subject 1s "Schwingungmsagen;to"
(Ref.2) (Vibration Measuring Devices) by Dr: Klotter late of the
Technische Hochschule, Karlsruhe.

6.4.1. Vibratioo Pick-Ups

Until 1938 Carl Schenck G.M.B.H. manufsctured a vibrometer
consisting of two pendulums, one to indicate vertical and the other
horizontal movement on a scale omn which 1 m.m, deflection represented
0.0025 m.m. vibration smplitude. The pendulum not in use was clemped
and the resonant frequency of the indicating system wes of the order of
40 c.p.m. Production of these instruments was discontinued in view of
ths advantages of electrical types.

A moving coil pick-up is now produced, intended mainly for use on
balancing machines. It is a direct drive type and is illustrated ino
ssction in Figure 20. A 4 m.m, dismeter rod rasdes axielly through
the centre pole piece and is supported at each end by a diaphregm of
high redisl stiffness. Axial flexibility is achieved by a npumber of
spiral slots in each disphragm each slot continuing through 360° as
shown in the lower half of Pigure 20. The moving coil 1s attached
rigidly to one end of the aximl driving rod between the diaphregm and
the giroular gap between the pole pieces. Attached to this end of the
rod is a thin pick-up probs which is clemped to the vibrating object.
The whole moving assembly has a very small inertia and this has the
minimm possible effect cn the vibratory movement to be investigated.
Two types of pick-up are produced with coil impedances of 3,200 and 200
obms respectively. The former is for use with a cathode ray
osclllograph whilst the lower impedance coil is used in one case to
provide the input power for a wattmeter method of talancing employed
by Dr. Pedern. Two sizes are available Zor each type, one small size
for frequencies of the order of 50 c.p.s. and another larger size
containing & double coil for frequencies of the order of B ¢.p.s. The
diameter of the wire used for the coils is 0.03 m.m., for the 1,200 obm
coil apd 0.07 m.m. for the 200 ohm coil. One of the small size units
with a 3,200 obm coil may be seen mounted sbove the table connecting
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S+hei. Vibration Pick-Ups (contimued)

strip in Plate 2.

Mesars. Phillips of EBindnoven produce an inertia operated type of
moving colil plick=up with a sensitivity approximately half that of the
Sohenck type. Phillips carry out an ageing proceas on the magnet in
order to obtain a good calibration curve; this is not done with the
Schenck pick-up.

In comparing the ipsrtia and direct drive moving coll types, the
former suffers from the dissdvantage that the whole mass must vibrate
and in being olamped to the vibrating obJect the properties of the
latter may be changed due to the clemping strain. The direct drive
type is paturally preferable for low frequencies, and there 1s oo noed
for dsmping devices in the pick-up as there iz no low resonant frequendy.
Dr. Pedern had also found that the Phillips type of pick-up was
insensitive to high freqmency ball bearing disturbances of 50 to 80
times the normal vibration freguencies, thess being absorbed in the cane
of the iustrument, thus showing that results of investigations depend
largsly upon the type of plck~ups used. Phillips, Eindhoven, have also
built a relative type of pick-up as compared with the inertia type which
measures absolute movement, Mr. Van Veen was the leader of the plok-up
department of this firm, and should have information on the calibration
of thase instruments.

Bosch of Stuttgart (see Appendix I, para.7) produce a contact type
of accelerometer with which D.V.L. (see Appendix I, pare.6) have carried
out tests to inveatigate aircraft undercarriage landing shocks. Shock
measuremsntis are also carried out with dynamic strain meters.

A manber of firms have concerned themselves with verious types of
vibration analysers of the quartz crystal, photo-electric and sonometer
varieties and these are liasted togethsr with othsr firmms oconcerned with
vibration investigation in Appendix I to this report.

S5elpe2s Jmplituds Measurements

The firms of Zeiss-Jena and Laitz, Wetslar (see Appendix I, peras,
25 and 32) produce microscopss for the messurement of amplitude
vibration. A photographically produced slit 0.001 m.m. wide 1is used
with magnifications of X300 and X600.

Dual dial gauges may slsc be used mounted on micromster slides.
They should not be allowed to vibrate but should be set on opposite
aides of the vibrating body so that they Jjust make contact with it at
each epd of its travel. The micrometer readings compared with those
taken with the body at rest then give the overall movement during
vibration,

5.4.3. Frequenoy Indicators

. A revolution counter was used on the standard Schenck
"Rutteltisch®™ since in a large mamber of cases it was desired to know
the total number of reversals carried out during a test.
- 29 -



5.4.3. Frequency Indicators (continued)

Messrs. Hartmen and Braun of Frankfurt-am-Main (ses Appeodix I,
pera.19) mapufacture resonant reed tachometers which have proved to be
very satisfactory. They also make complex instruments ooveriog 0-300
¢vPs8. OB ODe unit and 300-500 c.p.s. oo snother unit, The scale is
marked in intervals of # c.p.s. and the instrument is driven by
alternating ocurrent dsrived from a coil and magnet arrangement. They
also make purely mechanical frequency indicators and they were concerned
in the development of the wattmeter used by Dr. Federn on balancing
machines,

Messrs. A.E.G. and Mesars, Siemens are the only other fimms in
Germany largely interested in the manufacture of frequency measuring
devices, apert from & small firm in Dresden whose name was oot known.
Nosars. Telsfonban and Normalseit (see Appendix I, para.27) of
Prankfurt-am-Main, however, produce a single type of tachometer which is
of interest. The instrument consists of a small 3-phase A.C.
generator, driven by the rotating body, whose phase frequency is equal
to the speed of rotation, but whose output voltage remains constant for
all speeds. This gensrator is connected to an elaborate indicator
consisting of a 3-phess synchronous motor, operated from the output of
the 3~phase constant voltage variable frequenocy generstor, driving a
tachometer for speed indication and slso a separate revolution counter.
A stop watch is also incorporated in the instrument for timing purposes
in conjunction with the counter for caloulation of mean speed over a
period of timea and for other measurements. The generator consists of a
stationary commtator of special design whose segmentis are comnected to
a resistance network fed by a 60 volt D.C. sapply. Three brushes
spaced 120 degrees apart are rotated over this commitator by the test
shaft or body, and the aspecing of the commutator segments and the
resistance values aasociated with each are auch as to give an
alternating voltage supply to eech brush, the wave form being a series
of steps following an approrimately simisoidal law. The voltage on one
prush leads or lags that getiorated in each of the other two by 120 degrees.
Connections from these brushes to the syuchronous motor indicator are
made by slip-rings. 4 suitable rotary oonverter operating on the 220
volt A.C. supply and providing 60 volts D.C. can be supplied 1f required.

The atandard frequency range of ths above instrument is 0-2,000
r.p.m., but s range of 0-10,000 r.p.m. can be provided. The generator
may not be run at speeds in exceas of 1,000 r.p.m. and therefore a gear
box i normally used to drive it. Its phase voltage is independent of
speed and squal to 60 voltas peak, the maximum current output being 2.6
[mpsa,

This instrument is unnecessarily elaborate and expensive as a
tachometer quite apart from the high driving torque required and ths
pneed of D,C, ané A,C., power suppliss, It may, however, have useful
application in electronic speed or frequency control circuits, and it
has been incorporated in the electrical equipment of certain balancing
machines made by Carl Schenok G.M.B.H. tc indicate the phase of
unbalance with mepect to a fixed point on the rotating body.
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Selbelre Stroboscopic Egquirment

Dr. Federn demcnsirated a stroboscope manufactured by Zelss Ikon
of Dresden (see Appendix I, pars.8). It is purely mechanical in
operation and consists of a variable speed universsl motor driving a
disc in which are punched a mmber of slots, The whole inatrument is
held before the eyes and the object to be investigated is viewed
intermittently through the slots as they pasa the viewing aperture.

The instrument is supplied with seven interchangeable discs having 1,
2, 3, 6, 10, 12 and 24 slots. The calibrated speed range of the motor
is 5-50 r.p.s. and therefore the effective frequency goverage of the
stroboacops is 5=1,200 c.p.s.

The Technische Physikalische Werkstatten, depariment of Messrs.
A.B.G,, Berlin (see Appendix I, pers.21) produce an electronically
operated stroboscope using a high pressure mercury vapour lemp with a
ahort flash duration, the ipatrument being known as. the Lichtblits-
Stroboskop. A resistance capeclty oscillator is used to control the
flash frequency, and this may be synchronised by holding a pick-up coil
near a mmall piece of iron attached to the rotating body. The phasing
can be altered by moving the position of the pick-up coll. This type
of inatrument has been used in a high speed wind tunne]l for photographic

purposes.
6. CONCLUSION

Considering once agaln the Carl Schenck 'R:l'tfeltiach" its main
features may be summarised as follows:=-

(1) The machine is foolproof and can be used by unskilled
personnel. The balanced reaction type of machine needs
much more care in use.

{i1) The motion is subatantially simusoidal.
{i11) The movement is linear,

{iv} There is no rescnance in sny part of the machine betwean O
and 100 ¢.p.s, vibration frequency for rigid loads up to
approximately 75 lbs. '

L]

During 1944 and 1945 the "Rutteltisch™ had been equipped with a
celibrated microscope and alsc dial gauges, using the contact method
described in parsgraph 6.2, for measurement of teble amplitude,

®

Meszrs, Hartmann and Braun of Frankfurt-su-Msin purchassd a
Schenck "Rutteltisch® in 1949., Since 1937 they had used a machine
manufactured by Losenhsusen, Dusseldorf, for testing uircraft insiruments
produced for the armed foroes. This machine was of the cut-of-balance
rotating weight type and suffered badly from bearing wear after a time
and was finally discarded in 1943 due to a broken gearwh&el. On
purchasing the Schenck machine they found it to be better than the
Losenhausen 1940/1 modsl and to bs satisfactory undsr all conditions of
use. Representatives of Hartmenn =nd Braun also atated that List of
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CONCLUSION (continued)

Beriin~Trepslow make a vibration table but that it is a very
unsatisfactory machine. It apparently operates on a resonant spring
assembly method energissd by a motor driven out-of-balance weight.

If & supply voltage variation alters the speed of the motor a very
large change in amplitude results as the machine is working on the
resonance curve of the spring assembly.

It can be stated that much thought has been put into the deaign
of the Carl Schenck "Riitteltisch" and it is probebly the best machine
of its kind in Germany. It has a good performance bearing in mind
that it was designed for a maximum frequency of only 70 c¢.p.s. There
is, however, room for improvement in order to overcome the slight
increase of smplitude with frequency, although this probably only
entails slight atrengthening of the connecting strip assembly between
the table and the lever, and also the lever itself.

Two Appendices are attached. Appendix I contains a list of a
nuzber of firms and also individuals whose work ie connected with the
subject of this report, together with details of research and
investigatiorn or production work carried out.

Appendix II is a brief report on an interrogation of Dr. Petersen of
the Technische Hochachule, Darmatadt. )
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APPENDIX T

LIST OF FIRMS AND INDIVIDUALS WITH DETAILS OF
WORK CARRIED OUT IN CONNECTION WITH VIBRATION

1. Reichsluftfahrtministeriue (R.L.M.) Dept. G.L.Cs5.

Location: (1) Berlin (Ober Kommand Lufthahrt)

(ii) Peenemunde (later knowm as Karlshargen)
Approval testing of aircraft components. Plated order with Carl

Schenck G.M.B,H. in 1942 for Vibration Table with maximum fregnency
increased from 70 to 100 c.p.s. (Ses Report para.3).
2. Losephausenwerke Maschinenban A.G.

Locatlion: Dusseldorf

Menufacturers of various vibration machines of the cam-operated
and out-of-balance rotating mass type. (See Report para.3).

3- List
Location: Berlin - Trepalow

Manufactured out-of-balance type vibration machine. {See
Report paras. 3 and 5.1.5.).

4o Anachutz A.G.
Location: Kial - Neumuhlen
(Herr Fischer and Dr. Bayerling)

Connected with vibration investigation in torpedoes. Quartsz
cryatal pick-ups were used to actuate recorders. Experiments were
carried out on vibration tables in connection with the development of
gyro compasses, and both experimental and mathematioal investigations
were conducted to assess the effect of vibration on gyros in general.
Dr. Bayerling has experience of isolation of gyros from vibration.
(See Report pars. 5'5)0

5. Luftfahrtgeratewerke Hekenfelde G.M.B.H.
Location: Berlin - Spendan, Streitstresse 5 = 17.
This firm has purchased seversl Jarl Schenck *Rutteltischen™.
They are concerned with automatic controls of varioua types and have a

sub-group, Siemens, engayed mainly in msnufacturing gyroe. (3ee
Report para.3).



APPENDIX I (ocontinued)
6. D.V.L. {Deutsche Versuchsanstatt fur Luftfahrt e.V.)
Location: Berlin -~ Adlershof

(Dr. H. Viebmann, Flektr ~ Gerate (Dept. for Tlectronic
Devices)

D.V.L. carried out investigations on vibraticn and shock
conditions in aireraft using many types of accelerometers and both
piezo-electric and electromagnetic vibration pick-ups including thoase
manufactured by Phillips, Eindhoven (sse 22 below). The Boach
socelerometer had been found to be the best although it suffered from
the disadvantage that it gave a dimcontionous reading {see 7 below).

D.V.L, have produced reports on the above and also on shock
investigations in connection with landing gear. Thought had been given
to methods of producing oconstant acceleration. (See Report para.5.4.1)

7 . Bo sch
Location: Stuttgart

Manufactured vibration plok-ups and accelercmeters used by
D, VL. (2ee 6 above). The Bosch accelerometer consisted of spring
supported masses carrylng contacte which were set to operate at lg, 2g,
38, LE, etc.  (See Report parm.5.h.1.)

8. Zeiss-Tkon
Location: Dreaden

Produce stroboscopes and acoeleration measuring devices
inciuding & guartz orystal pick-up vibration analyser. {Ses Report
pATa. 5.‘&.’4.- )

9. Materialprilfungsanstatt (Materials Testing Leboratory)
Location: Technische Hochschule, Dammetadt, Essen.
(Dr. Petersen)

This laboratory have carried out vibration investigations on
autocars and engine suspensions using a vibration meter made by Asksnia
{see 10 below).

In this laboratory there is a reverse bending materials testing
machine in whioh adjustment of the degree of bending may be effected
during operation by varying the throw of a double eccentrio. This is
achieved by adjusting the second eccentric by means of a motor carried
round on)thn shaft of the first eocentrio. (See Report paras. 5.%1.7.

and 5,2,
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APFENDIX I {coatinued)
1Q. Askanin
Location: S.N¥. Berlin

Manufecturers of vibration measuring instruments using piego-
electric and other types of plok-up. (See Keport para.S.i.1.)

11. Junkers

Location: Dessan

This firm have made investigations of vibration conditions caused

by both jet-propelled and conventional engined aircraft. They had
trouble with the variable pitich mirscrew in dive bombers and were very
muich concerned with balancing of crankshafts and turbines. Dr. Federn
of Carl Schenck G.M.B.H. was requested to davelop a machine for
belancing propellers. One such machine was produced from a standard
machine by using special grips.
12, Forschungsinstitut flir Yegelflug

Location: Ainring/Obb. (Upper Bavaria)

Shock and vibration investigations on gliders,
13, EKraftfabrtforachung

Location: Stuttgart

(Professor Kemm)

Profossor Kemp has carried cut very extensive lnvestigations on
motor-cars on "autobahn" and other roads.

14, Naval Problems
Location: Danzig (Gdingen or GCotenhafen)
Investigations on torpedoes. Laboratories probebly all destroyed.
15. Torpedoversuchsanstatt
location:  Eokemforde (bei Kiel)
Torpedo iovestigations.
16. Technische Hochschuls, Dermstadt
Location:  Darmstadt, Essen (Professor Vieweg (Physicist)
and Dr. Haardt (Faculty of
Mechanica)).

Professor Vieweg was concerned with the conditions of flight of the
V2 rocket and research problems related thereto.

-3 -



APPRDIX I (continued)
17.  M.ALN
Location: Augsburg, Nurmburg
Special Laboratory available for npaval vibration testing
problems. They have published several technical articles in
ssclwingungetechnik®.  (Juliue Sprioger - Berlin 1934},
18. Dr. Lehsr (deceased)
Location: Augsburg
He has carried out investigations on strain in wheels and axles
of railway rolling stock and in connecting rods and chassis of
locomotives. He developed electrical dynamioc stress meters capable of
measurement down to 0.001lg weing simple non-electronic equipment.
19. Hartmsnn uod Braun
Location: Frankfurt-sn-Main

This firm have experience of the Carl Schenck "Ritteltisch®,
one of which was supplied to them in 1940. They manufacture

indicating and recording instruments of many types. (See Report
pﬁm.5.’+.3. and 6)-

20. Erprobungstelle
“Location: Rechlin (bei Berlin)

This establishment was reaponsible for 2ll approval testing for
the German Air Forece. They investigated the Carl Schenck
"Rutteltisch”, and as a result an order was placed for 150 of these
machines.

Tach sub-division of R.L.M, (see 1 above) had a sib-group in
Erprobungstelle.

2. ARG,

Location: Berlin

Concernsd with stroboscopes, and frequency control tachometers.

Their depertment, Technische Phyaikalipche Werkstatien, produced the
A.E.G. Lichtblitz Stroboskop. (See Report pera.5.hel.)
22, Samson Apparateban A.G.

Locations Frankfurt/Main

'

Manufacturers of metal bellows with both parsllel and spiral
convolutions and various temperature and pressure controlling devices.
{See para.5.1.9.)
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APPENDIX. I (continued)
23, Phillips
Locatlon: Eindhoven, Holland
Manufscturers of plezo-electric and elactromagnetic type
vibration pick-ups snd snalysers (see 6 sbove). This firm may bave
information on electromagnetic pilok-ups for control purposes (see
Report pera.5.1.7).

’ They have also carried out investigations on moving coll methods
of producing vibration (see Report para.5.1.1 (11)).

24, NMajhak
Location: Hamburg
Have mapufactured a sonometer type analyser.
25. Zeiss-Jena
Iocation: Jena
Nanufacture mloroscopes for small vibration amplitude messurements.
A slit of 0.004 m.m. nominal width, made photographically, is used with
microscope magnifications of X300 and X600. They have also carried out
investigationus on microscope isolation mountings {see Report paras. 5.3.
and 5.1&42)-
26. Dr. Klotter
Location: Formerly at Die Technische Hochschuls, Kerlsruhe

Later probably at D.V.L. and also at Pie Tech.
Hochschule, Berlin.

Conosrpned with vibration messuring instruments and published a book
oalled "Schwingungsmessgerate® (Vibration Measuring Devices®). See
bibliography.

He has 2lso carried out iuvestigations on mou-linear anti-vibration
mountings {see Report parss. 5.3. and Sulpe ).

27 Telefonbau und Normelzelit
Location: Frankfurt-am-Main
Manufactursrs of telephone and light electrical equipment. They
produce an elaborate frequency indicator using a constant voltags

variable frequency 3-phase generator {see para. Sulie3)e
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APPENDIX I (ocontinued)
28. Technische Hochschule, Berlin

Location: Charlottenburg, Berlin

Professor Cornelius was concerned with imvestigations on torpedo
gyros.

Thare is in this university an impact type shook testing mschine
producing a known shock acceleration (see Report para. 5.1.10).

29. Eaiser-Wilhelm Inatitut
Location: Dusseldorf

Vibration endurance testing investigations carrled ocut at normal
frequencies around 1000 c.p.m. and also at high frequencies of the
order of 30,000 c.p.m (see Report para. 5.2).

30. Getefo (Gessllschaft fir Technischen Fortschritt G.M.B.H.)
Location: Sohwarzach {formerly Berlinm)

Dr. Clemens A. Voigt inovestigated new methods of vibration
isolation and,new materials for mountings (see Report para. 5.3).

3. Continental Caoutachouc Co.
Location: Hanover

This firm mamfactures anti-vibration mountings (see Heport
para. 5-3)-
32- Lelts
Location: Wetrlar

Carried out investigations on isolation of microscopes from
vibration and produces microscopss, for measuring vibration smplitude,
of a cheaper variety than those of Zeiss-Jens mentioned in 25 above
{see Report parss. 5.3. and 5.4.2}.

33. Dr. Hsymann

Location: Formerly of Carl Schenck G.M.B.H., Darmstadt
Later in Zwingenburg or Ausrbach

Dr. Heymenn paterted an idea for producing vibration using
multiple exciters cperating at differeat frequencies. He was alao
one of the first to use electrical methods for balancing.

I4. Professor Homwick
Location: Delft, Bolland

Expert on rubber problems imcluding those connected with
wvibration isolation. ¢



APPENDIX II

NOTES ON AN INTERROGATION OF DR. PETERSEN
TECHNISCHE HOCHSCHULE, DARMSTADT

1. INTRCDUCTION

Dr. Pstersen was concerned mainly with mﬁterials investigation.
He had studied vibration stresses in structural perts of aircraft and
streas amplitude curves had been drawn.

He conaidered it necessary to similate vibration conditions both
to meet practical requirements and to investigate the scientific
fundementals of the whole problem. When investigating the cause of an
affeoct linear sinusoidal motion should be applied, all factors which
affect the behaviour of the test specimen being investigated. An
atfempt should be made to initiate the phenomena, and conditions should
then be varied in order toc imsolate and identify the cause,

2. VIBRATION MACHINES

2.4, Driving Methods

Considering mechanically driven maschines the direot drive produces
an amplitude of vibration which is independent of the mams of the test
speciman., With the out of belance rotating weight drive the amplitude
depends on the load which must therefore be maintained at a constant
value for repeatable vibration conditions. The latter method,
however, has the advantage that negligible forces ars transmitted to
the immediate surroundings.

2.2, PBearings

Good bearings are very necessary with both types of machines.
Irregularities in roller or bell races cause higher harmonics to be
superimpossd on the fundamental waveform end this effect is aggravated
in the caae of ball races if the material in the race is not perfectly
homogenequs as irregular wear will result. From this aspect, therafoms
asimple journal bearings or better still conieal joint bearings are to
te preferrad. At high speeds, however, cooling of the latter types
tecomes a difficult problem, and even complete immersion may not =olve
it. Also comparatively high friction torque hasa to be overcome at
stort. Ball and roller bearings heve the advantage that friction is
very emall at low speeds and they could if necessary run for a certain
time with very little lubrication. Of the two latter types the ball
bearing is more easily worn ocut as meantioned above and therefore roller
besrings designed for optimum conditions with the correct lubricant
~0uld appear to be best,



APPRNDIX 11 (continued)
2.3, Waveform

Asymmetricesl waveforms may be caused by peris of the machine or
joints batween parts, yielding more in one direction than in another.
Thus a joint between two parts may yield little in compression due to
butt contact of two faces, but may yield very much more in tension due
to stretching of the joint,

2.4« Veristion of Vibration Amplitude

Dr. Petersen supgested two methods of varying vibration
amplitude during operation of the machine. These methods have been
described in paragraph 5.1.7. of the Report and are illustrated
disgrammaticelly in Figure 18.

The first method is suitable for an cut of balance type of
machine. The out of balance weight {or weights) is held against the
centrifugal force arising during rotation by a flexible wire or chain
which is pessed round a bar or pulley wheel on the shaft, the axis of
wheel being at right angles to the latter, and runs axiaily along the
ahaft to a collar. The collar is constrained to rotate with the
shaft by means of splines but is free to be moved axially by means of
& suitable lever running in a slot or on a ball race. In this way
the weight may be moved relative to the shaft and at right angles to
it thus producing more or less urbalance as required which will in
turm vary the amplitude of movement of the vibration table for any
given load. '

The second method may be used with a hydraulically operated
table. The crank assembly, C, produces a fixed oscillatory movement
of tha lever P Q which is pivoted about the poiat F. The roller
Assembly, R, tranamits this movement to the piston of the drive pump,
S, which produces the movement of fluid in the hydraulic system
neoessary to drive the vibration table. By sliding the whole pump
along the lever P @ the stroke of the piston may be varied thus
altering the table amplitude acoordingly.

2.5. Reduction of forces tranamitted by direct drive types of
machine to thelr surroundings

Normally a heavy foundation resting on rubber cushions will
suffice, the whole having a resconant frequency below the lowest
operating frequenoy. Another method of avoiding interference frowm
machines of the direct drive type would be to arrange two tables to
be driven in exact phase opposition with identical loads on each.
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APPENDIX II (continued)
3.  MEASUREMENT OF VIBRATION

When questioned on meapuring methoda, Dr. Petersen was familiar
with the standard devices such as the Foppel triangle, the narrow slit
used by Carl Schenck G.M.B.H., the mirror rotating through an angle
dependent on the vibratory displacement and strain gauges. He
recomeended & book by E. Sisbel called "Handbuch der Werkstoffprifung"
published by Julius Springer.

be ENDURANCE TESTING OF MATERIALS

If a specimen withstandes ten million stress reversals then it
will never bresk at that siress. For a good specimen this figure may
be reduced to one or two million, but if corrosion or notching is
likely to be present then the test should be carried to fifty million
reversals. The effect of small temperature changes on fatigue was
not consldered to be great.

A synthetic material such as Hardatpepier has a practically
constant fatigue strength over a large temperature range but its creep
strength decreases with increase of tempersture.

Under high frequency vibraetion conditions some materials generate
very great internal heat, sc great with some metals that partial
melting occurs, If the damping energy is small then the heat
generated is small. With metals only a 10-20K change is noticed
between 30 and 30,000 cycles per minute.

With rubber fatigue fracture is a heat phenomenon where the
fracture starts inside the material due to the heat generated.
Materials with a high damping cepacity are not safe for use under
conditions of vibration., Rubber is satisfactory below 100°C.

Tests carried out on rubber to metal joints had shown that under
static test conditions a fracture would run through the rubber where
under fatigue tes{s the fracture occurred at the cemented area.

During 1940 and 1941 many firms submitted samples of metal-rubber
bonding for tests to determine the fatigue strength of the bond.

8, No. E.2C3
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DIAGRAM OF THE ADJUSTABLE DRIVING ECCENTRIC

CONSTRUCTION OF THE ADJUSTABLE DRMNG
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