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Hofse and vibration pose @ major problem in the : 112 vehicle, The
reduction of nouise and wear obtained in the L7 mediam tanc by using the
fmpact absorption sprocket test interested 7. 7 i its appiication for the

M113. When these sprockets were instaliled, .r. ¢, Jaklitsch was invited to
attend vehicle testing for both versions: stondard and impact absorption
sprockets, He participated in rides and ol served tle teosting of the sprocket
and track test rig. He alsc had the cpportunity to participate in the dis-
cussion of current problems of track drive, receat test results and some
approaches to solutions for existing noise and vibration probleas.

The impact absorption sprockets showed substontial reuuction of noisc near
the sprocket, but at other locations their serformaence in tﬁis regard was
strongly affected by other influences. A\ preliminary analysis of available
measurements shows that a careful control of a number of strongly influencial
sources of sound level and vibrations in the vehicle is indispensable to achieve
the full benefit of flexible elements in the track drive for noise and vibration
cuntrol,

The following report is based on available test data to analyze the nature
and variety of the many suspected sources of noise and vibration in the vehicle.
It ranges from design dimensions and features, to operational parameters. This
creates the complex picture of sound and vibratfon vhose present excessive level
we witnessed in the M113. It is presented as an analysis of & disturbing and
irritating behavior in the M113,

Moise and vibration control should be considered in the design stage when
it can be accomplished most efficiently and economically., Little indications

are available at the present time as to where and how adjustments fn dimensions
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of components may i1ntluence auditory and vibrational behavior of miiftary veh-

icles. /\pplication of ]ight metale might have some influance on th
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also. The Mi13 provides an excellent object of studies to investigate the
origins of and to increase know-how for control of noise and vibration in a
military tracked vehicle.

Although the inmediate identification of the noise and vibration sources
might be difficult, it is, however, most essential for improvement of the new
armored infantry carrier or other vehicles.
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. CBSIARVATIGI, L COnCLllIone

The observations and conclusions /i and 2, vere made durfng the tests on
tne 13th and 28t »f i ~mary, 196h at the 7€ Corporation in San Jose,
Catifornia:

1. Track and sprociket test rig (motorfzed track simulation)

a, Considerable noise was observed when the speed of the freely
rotating track was increased to approximately 450 rpm (corresponding to 30 mph
of vehicle specd)

b. At shut-off beforc complete stop, a few (2-3) hard metallic
blows were heard which scem to originate from the sprocket teeth.

¢. It was impossible to pul! the track by hand over the corners
of the rubber polygon tire of the sprocket, The sprocket bounced back when
released, and therefore, induced investigation of the sprocket teeth surfaces,
It could be observed that the rear surfaces showed metallic contact also. Thus,
it can be concluded that tt . rubber polygon created a spring system wnich may
contribute to resonance resulting in a movement of the track end-connectors
back and forth between the sprocket teeth and thus originating the hard hammering
biows,

2. Rides in the MI13 vehicle on tha test track hard surface level
road:

a. At reasonably high speed excessive nofse was encountered,

b. At a certain noise level, a deep, strong sound suddenly
appeared which was easily discernable in spite of defedﬁing noise in the crew
compartment, and the threshold of discomfort was reached. The sensation was
irritating but disappeared when the cars were covered, It is assumed that this

sound or{;inated at approximately 25 to 30 mph.
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¢, Origin and location of the deep sound was not discovered

{iwe the ride was made without instruments,

w

d. There are several structural members in the crew compartment
subject to strong vibrations: the torsions bars, the support on the back of
the crew seats, the rods to ¢close the rear door, etc. One of these, or other
vibrating items, may be a source for resonence and, therefore, the origin of
the high noise level in the compartment.

3. Resulits of the analysis:
a, There are several frequency ranges vhich require special
attention designated in figures 19 arnd following by:
(1) Upper region of ¥ (vibrations)
{2) Region A (dcep audible noises)
(3) Lower region of £ (lower medium aucible range)

b. In the vehicle speed renée from 15 to 3C mph the track shoc
motion produces a sequence of inpulses vhich corruspond mdinly-to the frequency
region of N and iover 3,

¢. 1t results from previous weasurements that vibrations of the

hull were substantially decreased by reducing the track pitch dimensions from

6 to 4.5 inches, as the tests show in Table 1,




TABLE |

Comparison of Vibrstion Loads Betwesn 6 and 4.5 Inch Pitch Track Shoes

i
VIBTAYION TOR0S TN BTY ,‘
; VehTcTe 3¢ - NPH !
_; PITCH l
i VERTICAL |
' A. right front .98 | 1.68 | 1.86 | 3.23 6 -‘._
(13fting eye) .58 1.39 1.54 1.72 h.5
B. right rear 2.60 | z.08 ) 7.18 | 7.07 6
(1ifting eye) 1.32 | o.5 .33 | 2.57 4.5 :
C. right sponson 6.05 5.79 | 17.k 23,6 6
(outer edge) 2,43 6.18 7.72 | 11,7 4.5
TRANSVERSE
D. right rear 3.02 | 4,23 | 6.67 | 9.10 3
(fus] accessory
CWQ") '.'5 ]-80 3075 6089 ‘5-5
AVERAGE RATIO OF INCREAS
As 1669 | 1,19 | 1.21 | 1.88
B, 1.98 | 4.2 5.4 2,83
C. 2,50 0.93 2,25 2,02
0. 2,62 | 2.3 | 1.78 | 1,32 |
. AVERAGE, OVERALL 2.2 | 2.6 | 2.66 | 2.01
TOTAL AVERAGE 2,26 '

The overall average for the 6 inch pitch track {s, therefore,

approximetely 2.26 times higher than for the 4% inch pitch track.
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(Remarks: The recommendations :iarked by an asteril were made during
the visit at FIIC, San Jose, California)

*1,. Installation of an elastic rear idler permiitting radial displaccnint
of rim in relationship to hub (Sketch of concept: See Fig. 1).

%2, Test of circular sprocket tire (replacing the polygonal) for compar-
ative investigation of vibrat!{ons which might be created by the polygon tircs.,

*3, Variation of durometer values for the rubber inserts of sprockets
and idlers (range proposed from 40 to 70).

), Estabiishment of the nofse level of the vehicle during operation at
2 mph {icrements from standstil! up to 37 mph to establish potentfal existance
of conditions of resonance, Pick-up at the left and right sprockets, the
drivers seat and the cargo area.

%5, Identification of the frequency level of the deep sound observed at
29 to 31 mph in the vehicle cargo area and simultaneously experiencec threshold
of discomfort, After this frequency is established, checking of the frequencies
of vibrating ftems in the crew and driver compartment to {dentify & potential
souwrce of this {rritating deep sound.

*6, Three-dimensfonal (vertical, long{tudinal and transverse) represen-
tation of response of rear idler assenbly ta forted vibration of M113 vehicle
based on the test results of 9 August 1961 (Report CRD 673, p.2} to show
orfentation of vehicle acceleration in space.

*]. Investigation of the surface of the sprocket teeth (front and rear
to prove the existance of a hammer ing movement of the end connectors lLatwernr the
pafrs of teeth.

#3, Taking of motion pictures of the behavior of the tracks {left an:

right) to establish the potential existance and kinds of standing waves in the

7




tracks. Since length and weight of the tracks are different, both sides
should ba {nvestigated.

9, Cstablishment of the natural frequencv of the right and left track.

10. Determinatfon of the influence of the sag of the tracks on the natural
frequency.

11. Establishment of the natural frequencies (fundamental harmonics) for
the following components of the vehicle or the test equipment:

a. fngine
b. Track, frequency of engagement or disengagement of track shres
c. Track test rig
d. Fan
e, In the crew compartment:
(1) Back support of crew seats
{(2) Torsfon bars
(3) Reds to close the back door

12, Determination of the relevant frequencies when investigating acceler-
ations and amplitudes of vibrations. Identification of sources,

13. Inclusion of subsonic region into investigation of acoustic and
vibrational behavior.

4. Optimization of operating conditions of impact absorption sprockets b:
varfation of durometer hardness and thickness of inserts. Identification and
reduction of elimination of impairing influences inside the vehicle on the
reduced sprocket noise levels,

15. Adjustment to flexible inserts at sprocket and idler.

16. Emphasize investigation of vibration amplitudes in frequency regions

V and A,
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0. INFLUENCES ON THE NOISE INVENSITV OF THE M113

s nolse test dated Gecembeir 10, 1563 versus frequency and
vehficle speed at the three locations: Near left sprocket, near driver and
tn cargo area ware analyred to investigatc the effectiveness of the use of
impact absorption sprockets for reduction of noise {sece Attachment #1),
The noise ievel for constant frequency levels was plotted versus vehicle
speed as shown in the figures:
a. Nr. 2 through 4 (near sprocket)
b. Nr. 5 through ; (near driver)
c. Nr. 8 through 10 (in cargo area)
In & sfmplified form, the noise level { can be presented as follows:
= 4, + V. tan (1)

whzre | fs the noise level (dh) at the vehicle speed V (mph):

i, T 1Is the noise level extrapolated
for V = 0 mph (Standing vehicle)

tancl, = 1is the slope of the increase of {
versus vehicle spred V

= 30 -7,
T

This approach {s supported by the shape of the curves in Fig, 3 (for
425, 850 and 1700 cps for the impact absorption sprockets), in Fig. 3 for L25 cps
and in Fig, & for 6800 cps it {s valid also for tie standard sprockets, At
Tower frequencics, some deviations become apparent which may be caused by over-
riding influences.

There are some differences in the manner by vhich the vehicle speced effects
intensity and frequency of noise at tha varisus investigated locations on the
vehicle., Although the general pattern exprecsed by equation (1) is valic, there
is an obvious indirect influeince of the speced on the noise, Another influence

fs the type of sprocket installed.
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In order to s the variation in tiond and level of the noise, the

changes of the initial nafse level i, (as extrapalated for V =C mpt.) and the

focrement A i with increasing vehicle speed are snowi in the fallouing
figures:

a. Tfys. i1 to 13 {Rate of noise iateasity near sprochet)
b. Fig. 14 {Rate of noisc intensity ncar criver)
Figs. 15 to 17 {itate of noisc intcnsity in cargo area)
1. iear oovocket

The noise level is shown versus vehicle speed in Fig., 2 to 4 and

the result of analysis versus frequency in “ig. '1 for the standard sprociet,

and in Fiy. 12 for the ipact absorption sprocl:et. An obvious reduction in

noise intensity was obtained by the flexible sprockets,

The initial noise level i, for a standing vehicle . identical in
slope for both sprockets but differs in ievel {n favor the impact absorption
sprocket {Fig. 13).

The rate of the noise leve! A i shows an incrcasing difference for

higher frequencies.
A1l figures for the low region of octave bands 53 and 106 ¢ps i.e.
Figs. 2, 5 and 8 show a superposed disturbance at the lower vehicle speed. The

same phenomenon will be found in the discussion of the vibrational behavior of
the vehicle,

2, Kzar Driver

Figs. 5 to 7 show the behavior of the noise versus vehicle speed near
the driver for both sprockets and Fig., 14 gives the comparison,
Comparing wilh Fig, 13, it becomes evident that level and trend of

the initial noise level i, as well as of the rate of iicrease

10
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A = i3 - i,

{5 different from the situation near the sprocket and from that in the carge
area. d

In the frequency range up to 1000 cps the rate of noise A1 is higher
for the impact absorption sprocket but beyond 1600 cps it is identical for both
types. The {nitial noise i, for a standing vehicle shows a stronger decrease
in the higher frequency range as compared to near the sprocket or the cargo
area. The standard sprocket shows an evident change in slope at 1000 cps, but
the numerical difference in the order of magnitude is rather small,

3. Cargo Area

Figs. 8 to 10 show leve! and trend of these values for the two types
of sprockets. In both cases, there is a slight reduction of the initial noise
lovel {, and the rate of increase Ai with increasing frequency f (Figs. 15 ~nd
16). A comparison between standard and impact absorption sprockets is shown
in Fig. 17. '

The rate of increase with increasing vehicle speed is mearly the same
for both sprockets., Although the initial noise level for a standing vehicle shows

lower vaiues, the slope §s identical for the impact absorption sprocket. The

e B . — =

increment of noise by the vehicle speed shows a divergent behavior: it ii decreas-
fng from a higher level! for the impact absorption sprocket and increasing for the

standard sprocket versus frequency. '




E. ANALYSIS OF VEHICLE LOUDNECSS

The perceived subjective sensation on the ear is not expressed by the
fntensity level (decibel) but by the loudness level {phon) or the loudness
proper (sone) respectively. While the intensity level by its definition is
based on a logarithiic scale, the loudness is based on a lincar scale and,
hence, makes comparison easfer,

The rate of loudness (sone per decibel) varias in wide limits with the
dectbel level (See Fig. 18).

In Figs. 19 through 23 the decibel readings from the test results shown
in Attachment Nr, 1 were converted into loudness sones. This presentatjon
provides a more realistic picture of the acoustic situation and the present
accomplishment in noise attenuaticn in the ;i113,

For exampie. in the lower regions A and B, the sound intensity for 53 and
106 cps at 28 rph near thz sprocket was 113 and 120 decibel respectively,
tthen converted into loudness which is in reality acting upon the human hearing,
the correspaonding readings are 242 and 263 sonns respectively,

Expression in sones which are not based on a logarithmic scale ‘ve alsp
an immediate possibility in comparison of th~ attenuation ability of the {=pact
absorption sprocket.

Applying the exporience in the analysis of nuise pheaomena in airpglancs
(See Chapter I ) the presented frequency runge in Fizs, 19 to 22 was subcivided
into characteristic regions desiynated by the kind of perception:

3. Subsonic range f o= to 16 cns

"

b. Sonic range f i6 to 2000C cp.

¢. i'ltrasonic range Foo= aver 27070 cps
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These ranyes are subdivided into the following regions which scem to be

indicative for the source of sensation:

v = up to 30 cps (Vibrotional region;

E = 30 to 75 cps (Low soni¢ region)

B = 75 to 50C cps [Lover recium sonic region)
cC = (GG to b ) cps (Liijher mediuwm sonic region)
0 = LBOO to 20030 ¢ps (high sonic region)

The regions A through T are important for sound and noise, the V - range
is significant for the vibrationul sensutions in the vehicle.

Permissible levels of nojse intensity are given for the sonic range for
wheeled and tracked vehicles in decibels, vhich differ substantially in mag-
nitude (Fig, 24 curves By, By and C).

For the region V, permissible levels of vibration amplitudes also have
been established {Curve D.). Arceptable acceleration levels are specific in
their relationship betwecen vertizal, longitudinal and transverse vibrations.

This will Le treated in later chapters.

In Fig. 24, the loudness in sones §s reported with the loudness levels in
phones as a parameter (90, 100, 110 and 126 phons). The threshold of discomfort
at 120 phons fs shown by Curve A. The decibel reading at 1000 «ps are numerically
identical with the phon readings., In the same graph the ncise limits recormend-
ed by HEL (Human Engineering Laboratory of APG) are reported for tracked vehicles
(Curves BI and Bz) and for wheeled vzhicles C. B, vslues apply when a pure
sound exists, This is the case in the MI13 in the caryo area at a speed of 28 mph
and above.

The attenuation of noise by the use of the impact absorption sprockets {n

comparison to standard sprockets is shown in Fig., 25. It is of the order of 10
to 60% in the tested frequency range.

L} 11
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F. TUFLULHCT CF THE IMPACT ABSORPTION SPROCKETS ON NOISE LEVEL

The influence of the impact absorption sprockets on the noise level was
{nconsistant. ‘'lear the sprocket, o substuntial reduction of the noise in
comparison to standard sprockets could be noted :.{thin a considerable range
of the vehicle speed,

Inside the vehicle, tlis reduction was overshadowed by other stfll un-

“nown influences whicih adversely offected the reductfon of noise at the sprockets
and reversed it even slightly to soine extent in the high speed range for 25 to

30 wph {Table 2).

T ABLE 2
Vehicle Speed (mph) for change of Noise
feduct F roise .xperienced
He on of weisc vear iprocket| At Driver's In Cargo
Seat Area
<ubstontial at 15 mph et 20 mph at 28 mph
Little at 25 mph at 15 mph
. 23 mph
30 mph
Hone at 15 mph at 20 mph
S1ight incrcese of at 25 mph at 25 mph
Hoise 30 mph 30 mph

It is interesting to note also, that at 20 mph at the driver's seat and at
28 mphk in the cargo area, substantial reduction fn noise is experienced. Thus,
the effect of suspected resonators in the compartment on the noise created at
the sprocket is selective in the compartment,

Elimination of these suspected resonant elements would probably correct
the situation, shown in Table 2, For this purpose, it is suggested that
potential resonant elements in the hull and compartment be examined to determine
frequency level and intensity of noise and vibration and compare this with the

14




noise modification obtained by the usc of the impact absorption sprockets,

Fig. 26 demonstrates the {nfluence of the impact absorption sprocket in

é the cargo area at 28 mph vhich represents the worst conditions in noise re-
t ported in the test report of 10 December 1963.
At about 100 cps, with the standard sprocket, the nofse produced exceeds
the threshold of discomfort (120 phons), as shown by Curve S. The Curve I
for the impact absorption sprocket in the A and the lower B - region (below
200 cps) {s substantially below that of the standard sprocket - fn the average
reduced by about 80 sones.
Bevyond 200 cps, no apprecfable reduction could be observed but above
, 1000 cps a slight reduction in loudness takes place,
! . Fig. 26 shows the recommended limits for noise in accordance with the
i_ . standard of the HEL-APG report (curves By, By and C). Since at 28 mph a deep
. B .
? strong souﬁd was exper fenced which was perceived as a pure tone the limits
i 4 designated by 82 apply. -
é The loudness exceeds the permissible ("'B,") limits by:
E: TABLE 3
é (See Fig. 27)
5? at 75 cps by 2.0 times
%E 100 cps by 2.8
€. 200 cps by 3.0
ig 400 ¢ps by 3.7
f; 800 cps by 4.3
ié 1000 cps by 2,9
;§ 2L00 cps by 2.8
;
é 6000 cps by 1.7
15
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That mesns the excess is increasing (up to 800 cps) with the 3rd root of
the frequency and decreasing with the square root betueen 800 and 6000 cps, in
the average by 3 times,

The gap of loudness units bet .een the pormisgible sound limits for wheeled
and those for tracked vehicles as determined by the standards of the APG-Human
Engineering Laboratory (See Fig. 26) arouses questions about the safe limits
of exposure to noise and vibrations in the H113; therefore, it should be deter-
mined just whet is a ''safe’ sound level. The environmental living conditions
in modern cities, act unfavorably upon the perception ability of the population,
in particulor, upon higher frequencies which are essential for the distinction
of the hiss-sounds ¢, s, f, etc, This decrease in perception {s due to the
effect of noise vhich causes strong mechanical and biochemical stress on the
hair cells, the basilar membrane of rthe cochlea eng Corti's rods in the fnner
gar, Thesc ;nrts‘degonerate under stress and reduced hearing and understanding
is the result, To what extent the civilization process affects the perception
of sounds vas recently investigated L, a team of US, Cerman and Cgyptfan otologists
(2). The result of a couparison with the hearin- ability of an African tribe
remote tu these blescings of civilization i¢ shon in Tig, 28, 1In this graph the
difference in cecreasc of perception ability for the reporied frequency levels {s
satwil versus ace of tio:iore than 1400 test persons.  ut 1t affeets civilized
populctions o o 1. _reater extent than thc frican tribe,

The derenarutive procest in the inner car due 2 aging vhich starts as early
as 20 yoors of oo, affects all soldiers. l.igh noise level in the 1113 will

cecelerote this process For those cxposcd to vehicle nolse For long periods. Re-

cuction of niise oo exposure §s recuraend ¢ fa o interest of the cre,
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G, INFLUTHCT CF LOCATION OF ST 00T € L-7RATIGH L SEIHAVICUR OF TRACK

Sprocket in Front

The acceleration of the track shoes in ther strecsed upper band plus the
portion wrapped arosund the idler is accomplished by the top tooth of the sprocket.
The other teeth serve to decelerate the portion of the track wrapped around the
sprocket from double vehicle speed t> zero on the ground, The engagement of
every track shoe accelerated from ground zer> creates an impulse ia half the mass
of the track (stressed band pius portion around the idler),

The resronance speed of the belt in accordance with LeonovB) is:

V = /—]_I 'T
res Y o s (2)

vhere m is the mass of the unit length of the belt
T is the tensicn
and n is an integer,

Considering the tension and the cenirifugal forces, the reduction of the
track mass m would result i; an increase of the resonance speed of the track
inverse to the square root of the moving track mass. Increase of the tension
will result in increase of the resonance speed with the square root of the total
tension,

This equation is similar to the propagation speed Ve of the transverse

vibrations in the track, as determined by the tension T of the immob{ile band,

The propajation speed Veb ie:

Ytb "V

(3)

3 I—T}

Sprocket in Rear

The acceleration of the track portion wrapped around the sprocket f{s
accomplished by the sprocket teeth in engagement. The upper track band running

at constant double vehicle speed has no basic acceleration requirements. The

17




tension {s therefore smaller then in the aforementioned case.

That means that the resonance speed of the track will be decressed by the
square root of the ratio of the track tensions including the centrifugal forces
which remain unchanged, Resonance and non-resonance vibrations act upon the
track.

There are various opfinions about the origin and influence of track vibra-
tions on the performance: M. K, Chr{stfeB) assumed an adversa {nfluence on vehicle
speed of track pulsations originated by inadequate positioning of the idlier, and
to scme extent by the sprocket and rear road wheel, Ye D. L'vov concluded that
there is an increased pulling force caused by track pulsation when the track
tension falls below a certain limit, P, Nagy investigated the rate of the vibra-
tion of the upper track band with a rear sprocket. He concluded that in the event
of a standing wave there {s a substantial increase in the dynamic load which tends

to increase the loss in a track system, He insists on the importance of elim-

ination or reduction of the standing wave,

It is recommended that the natural frequency of the MI13 track be established
by computation and test as well as on the test rig for comparison purposes. Past
test results of Lconov-show that the maximum amplitude of the standing wave fis
obtained in the first resonance mode at a relatively Tow vehicle speed. This
supports the recommendation to fnvestigate the track behavior by increments of
2 mph, with an additional test run when a resonance falls between two test points

in order to establish precise data for the natural frequency of the track.




H, COMPARISCON WITH ICISE Il AIRPLANE PILST JuhiPALTHENTS
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A survey of noise levels in niilitary airplanes vas nade by ilarvard

.

University (4. The order of waynitude and trend versus airplane speed are
shown in Fig. 23, Ihe noise shous o tendenc, tu increase with the 0.4 power

of the afrplzne specd V or

, LoUh
i = coastant (4)

The constunt is, therefore, defined by
' j
Constant = —074

4
v

These values ar: shoun versus airplane speed in Fig. 29. The speed range is

; tno narrow to permit an uriistakable direction. There is a slight increcse i
below 140 nph, v similar phenowenon is experienced in the 1113 with regard to

vehicle shced. 1 plotting of the test results versus vehicle speed similar to

that in Fig. 29 is showm in Fig, 30 for both types of sprockets with sound pick-

P up near the left sprocket for 126 and 6800 ¢ps.

é The trend is similar to that of the airplanes {[Fig. 30) but exhibits a

variation of the exponents. The maynitude of the frequency and type of sprocket

i - makes a mathematical model wmore complex; the level, however, is the same as in !

the airplanes,

139
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TABLE &

Cata of the Military Airplanes #1 and /2

[

AIRPLANE
#1 #2
Cruising conditions Normal Normai
Engine speed rpm 2100 2000
Hor sepower per engine 715 625
M, P, 21 3a2n
Propsller tip velocity ft/s 615 735
Speed mph 220 135
Altitude ft 11000 8000
i max fou 37.5 ¢ps db 127 105
i for LBOO cps db 99 59
Remarks: The excessive high Treatment in
sound levels are this planefi
believed to be due excellent,
to the use of
ejector exhausts.

——————_——— | . e e s, " T T
g

Reference: L. |.. Beranek and al.: Principles of Sound Control in
Airplanes. Report OSRD, Nr. 1543

Fig. 31 gives a comparison of the decibel reading in the pilot cioin f
a fighter afrplane with excessive noise level {afrplane #1 of Tabl 4) and the

crew compartment and driver's seat of the 1111 at 28 mph and 30 mph respectiv. vy.

It is shown that the noise intensiiy of the M113 compartment up to about 1000 s
is higher by 7 to IO db in the average. On 'y ax frequnncies higher than 2000 s

ERTT VRIS

does the mlu lml ln th. Mll3 dvop below tho leval of the airphne cubin.
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Applying experience gjathered in the acoustic  treatmen: of airplanes,
it {s suggested {n view of probable usefulness, that the fundamental resonances
of the engine and tracks be {nvestigated in order to locate their mafn harmonics
in the octave bands. An analysis of track fundamental resconance is tried {n
Chapter K, In applying it tn the 11113 vehicle 1t might be useful to divide the
octave bands ints the following regions:

A 30 to 75 cps
B 75 to 600 cps
C 600 to 6BCO cps

(See Figs. 11 and following)

Seventy-five (75) ¢ps is approximately in the middle between 53 and 106 c¢ps
on the frequency line in Fig. 11; so is 60C ¢ps in the middle between 425 and
850 cps., This simplifies the determination of the various regions A, 8 and C.

It f5 interesting to note that comparing regians and sound leve! of afr-
plane #1 and that of the M113 vehicle equipped with stanocard sprockets, the
sound fatensity { has the same trend in region B but §s about 3 decibels
(equivalent 56 sones) higher than the level in the pilot cabin. In the regions
A and C, the noise levels in both crafts approach each other. This similarity
in the noise futensity, in the pilot or driver compartment, suggests an appli-
cation of aircraft acoustic experience to the military ground vehicle,

i the afrplane pilot cabin the increase in sound intensity level i with
the increase of horsepowsr, can be computed from the reported test results as
follows:

i = (94 to 97.5) + 6.02 log N db
where N {s the engine horsepower. Doubling the horscpower input from 500 to

1000 hp would, therefore, result in an increase from:

21




e e o« e e o+

v e———— ———r —

i

(94 to 97.5) + 16,3 db = 110.3 to 113.8 db

to i (94 to 97.5) + 18,06 db = 112 %5 115.5 db
The difference s 1.76 db. Three db would mean the effect of two sound sources
equal! in intensity,
The equivalent fncrease in loudness { would be:
from £ = 166 to 198 sones
to 4 = 181 to 215 sones

that s by 15 sones at the lower limit and by 17 sones at the higher limit,
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I. INFLUENCE OF DIMENSYONS OF THE COMPARTMENT ON FREQUENCY LEVEL

It was learned from the efforts t> reduce the nofse level in airplane
pilots compartmcntsk), that standing waves will be built up which i1l cause
large variations of sound level from one part to the other in the cabin, if
its dimensfons come close to appreoximately half of the wave length or multiple
thereof,

The following variations were observed in the compartment of airplane ¥2

whose noise spectrum is shown in Table 5 as a very excellent result of treat-

ment for noize reduction:

TABLE 5

Variatfon of Noise Level with Location in Pilot Compartment

Frequency i NOISE INTLHSITY 1IN 25CI50L Difference. |
cps Min. Max ., dab
Near Center licar ‘all
L-75 101 113 12
75-150 100 12 12
12002400 70 23 13

Since a variation of 1Z decibel in noise intcnsity means a factor of 2
in loudness, it can Le concliuded thdat in the low frequenc, regian the loucn:ss
L]

in the pi'ct compartment §s twice as high near the vwall as it is ncer the

center. In the 1200 to 2400 frequency renge the difference is even greater,
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Duriag {novestigetion of the nuisc spectrum in uirplane pilot compartiments,
it was Fourd thot in the frequuncy pattern there i: an arlitrary division of
the frequency hmne Intos 2 reyions: 4, T and £, vhich opened a way to locate
and Tdentify soee source of nojse in these crofits,

It was found opportunce to have the following reages:
n from 37.5 to 75 cps
3 fraz 75 to 600 cps
C from 600 to 4800 cps

The sound intensity in region A {s caused by the propeiler fundamental
component {propeller tip passage frequency /. to 75 ¢ps) and the propeller
second harmonic component {80 to 15C cps). Tk~ propeller tip velocity is a
functinn of the engine horsepower.

The sound intensity in region B is causcd by the engine exha; *, the higher
harmonics of the propellers and the aerodynamic and turbulence noises are due
to the propellers and the wind stream, However, it {is difficult to predict the
order of importance of the above mentioned causes in the composition of the
noise,

The sound levels in region C result mostly from aerodynemic and turbulence
noise, Measurements of sound levels in octave bands showed that adding acoustic
materials in airplanes was many times more effective in reducing high rather than
low frequercy sounds. This leads to the conclusion that reduction of noise in
the more disturbing low frequency bands in the 14112 should first be attempted and
the actual csuse of noise in region A investigated. This is far better than

trying to reduce noise by acoustic treatment which wuuld affect more of the high
frequencies of region B and C.
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K. VIBRATIONAL BEHAVIOR OF M113

The ifmits of acceieration levels for wheeled vehicles in accordance with
the APG Manual of Standard Practice for Human Factors in lilitary Yehicle
DeslgnS) are shown in Fig. 33 versus frequency. They rise from C.14 "7 for
1 cp to 0.28 “G"” for 20 cps. The levels shown in Table 6 of Attachment #3 of
the FMC test results range from 0.4 to 2,29 "G's' without reference to tie leysl

of frequency. They are substantially higher than the manuall's reconmendations,

TABLE_é

Average Vibration Load '3' for
Vehicle Speed rnf

| 15 20 25 30
Standard sprocket

Vertical 1.56 1.22 2.05 2,29
Longitudinal 0.51 0.53 0.50 .50
Transverse -0,92 0.60 2.499 1.3¢

Impact Sprocket

Vertical 1.0 1.03 1.7 2.73
Longftudinal ) 0.5 0.4 .55 u.i5
Transverse 0,65 C.68 .7 1.3

The level of vibration loads (''C's'' in vertical <irection) of the 11,
cannot be evaluated due to lack of {ndication of the rolevant frequency lovai,
2 'G's" might be acceptable for 1 cp but might be intolersble For higher
frequencies. It results, however, fron tre Tablc on pace | of Attachment
(Table 7) that the level of vibration loads in lon_ irucial end tranivere:
directions {s too high with reference to tne leve: o7 ver.icail vi.ruativn |sacg-,

.

Compare levels of M113 vibration witih the leveis reco iinond B

.

Chapter P).




TABLE 7

Averajge Vibration lLoad Indicative Relstive
in / Jacklins/ Comfort
«+ anph Index K in Percent
15 20 | 25 30 Disturbing [Uncomfortable

Standard Sprocket
Vertical 100 100 100 100 100 100
Longitudina! 33 43 24 22 13 18
Transver e 59 L9 143 60 7.5 I3
Kc average 121 19 ' 118 101 102

Impact Sprocket

Vertical 100 100 100 100 100 100
Longitudinal 50 37 32 2R 13 18
Transverse 65 60 L7 L7 7.5 13
Kc average 129 122 115 114 101 102

“Isee Chapter 0

Comparison of the MI13 distribution of vibration load levels,with regard to

orientation with the distributions of the relevant comfort indices of Jacklin,
shows that the shares of longitudinal, and in particular of the transverse origin,
are excessive in comparison with the vertical! share.

Jacklin and Liddel é) suggested an overall index Ke when 811 three directions

are involved in accordance with
e 2 2 20
Ke -VKV LT (L)

Assuming that the vertical shares be of the same level for all cases, then

Kc would be as shown in Table 7a :
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; Relative level of K. in percent
oo Vehicle Specd “Jacklin-Index
E : mph "¢ vistribution
. Sprockets 15 1 20 25 3C Cisturb- Uhec om~
: ing fortable
1
E Standard 121 1194 Hi1f 113 101 102
i
E Impact
Absorption 1294 1224 1151 114 101 102 .
E In Fig. 33 the trend of the average vibration loads versus vehicle speed

is shown for the three cdirections of vibrations. Vertical and transverse
vibrations increase with the square of the speed, vhile the longftudinal in-

crease with the power 1.5 or are constant.

v g arn

This behavior is only approximated if considered separately for either
side:

On the left side, the vibration loads increase with the cube for the
transverse vibration loads of eivher sprocket with an obvious reduction for

the impact absorption sprocket (Fig., 34). The vertical vibration load for the

standard sprocket increases with the cube and for the impact abscrption sprocket

[

with the power 1.75.

it §s interesting that the impact absorption sprocket creates longitudinal
vibration loads, also increasing with the cube of the speed which result from
the impulse energy stoed in the rubber inserts which add to propuision.

The influence of the speed upon the thiree specific vibration loads on the
right sfde {3 apparently lower. (Fig. 35) If the measured values are based on
the computed values as shown by the trend lines in Fig, 33 to )5, these ratios .
disclose in Fig. 36 a very yood coincidence for the vehicle speed range from Lt

20 mph and above: on the other hand, they diverge greatly from the unity (1)

at 15 mph showing, thereby, existance of a strong resonance in the neighborhood

of 15 mph,




L. IHFLUEHCL OF THE TRACK FITCH ON VIZRATICN ;

The reduction of the vibrations by decrecsin, tive pitch of the track shces
is in accordance wil. tie influence of the i daiehaed inertal reactions against
rotation of the troc'. shoes as Tollous:

A trac. shoe las (under essumption =f 5 flat trazk) a velocity of zerds oo
the ground at the mament of tne approrc. of the idizr ia the case o a front

sprocket.

-

t i3 asceclerated o doubie Lhe vellicie speed 2t the top position of
the idler .ithin half a revolution. In a reverscu gosition, ho.cver, the siioe
inade hai¥ o rotation., The same holds true at the sprociet, only acceleration is
replaced i>v decelersation, The rotation of thw thoc starts and ends suddenly,
resulting therefore, in two shock, whizh are caucwda by the aLruptness of accel-
eration, &nd deceleration of the trucik shuves ar every en_agcenent and disengagement,
The full cycle uf accelerution and deceleration and deceleration takes placcee
within the time frome of half a revoiution of idler or sprocket respectively,
This is within

A o= T . 3600

T3 T30, in seconds (5)
where r is the idler (or sprocket) radius respectively in inch
and
V the vehicle spced in mph
For r=1/2 x 19.62 in. = 9.81 of the sprocket
ard V = 30 mph

fthe time frame At = 9.81 aT. 3600 = 0.359 seconds
12 5280, 30

The peripherial velocity of the sprocket for 3C mph:

v = 30.5280 oy ee/
sp 3660 :
and the track speed therefore
v = 2V = 83 ft/s
r nax SpP

e ke
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Harce, the acceleration

.83 _ 2
a m‘g— llC90 ft/s or
a = L6 ugig

For the rated speed of 37 mph, the peripherfal sprocket speed is

Ve = 54,2 ft/s
and the track speed
Ve, = 2 x 542 = 108.4 ft/s
Tha relavant time for half a revolution of the sprocket is
At = 19:62 3600 = 0.0L47 seconds

12 x 2 5280 x 37
and the decaleration of the shoes on the sprockets {s

= 1084 = 2300 fr/s’
ooty T DO e

= 71 gl

3

The diameter of the idler is V7.4 in, Thus, the acceleration of the track
shoes wer the idler is 1680 ft/s2 or 52 'Gi's" for 30 mph and 2600 £t/s2 or 30
"Gls" for the rated speed of 37 mph. These are consfiderable values.

The acceleration is 2pplied suddenly to the track shoes on the idlier by
the top tooth of the sprocket transmitted through the moving track band to the
track portion wrapped around the idler. It can be easily understnod that thesa
Jerkingly originated track shoe movements will causs a reaction in track, idler
and sprocket. Over and above this acceleration, the track shoe makes half a
rotation from zero to top track speed involving inertial forces and a rotational
acceleration. Since the sprocket or idler moves in space, there is also a
Coriolis-acceleration involved which adds to the acceleration problem,

The uplift of sprocket and idler in the Mi113 affects little the basic

relationship as analyzed for flat tracks by John Eilers (See Attachment #II),
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Since there is a difference in the length and mass of the tracks at the
left and right side, a difference in thefr behavior has to be expected. At
certain vehicle speeds, resonance can result with repercussion on performence,
vibration, noise, stress, wear and endurance,

The fiexible idier is intended to help investigation of the fundamental
aspect of track movements to guide design improvements.

Since the track shoes wrap around {dler and sprocket in a polygonal
manner with perfodic radial displacement of the end-connectors vhich form the
flexible corners, a periodic variation in track tension is caused vhich adds
to the previously analyzed phenomena.

It is proposed to adapt the idler rim on an intermediate system of plates
elastically interconnected, This will neutralize zhe fluctuations of tens{on;
in the tracks and of the rotational inertial forces created by the changes in

acceleration of the zhoes (See Fig, !),
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M. POSSIBLE ORIGINS OF VIBRATION

The theory of tracked vehicles provides a formula for the tension of the

immobile t-ack as follows( LEONOV (3)) :

Ts = Z2 EL (6)
R

where T is the tension of the inmobile track

A

s is the sag

G is the weight of the track per unit length

L is the track pitch

Z is the number of links
(A1l dimensions in kg, m, sec).

Equation (6) provides a means to determine the dynamic tension and its
variation Py estab:ishment of the dynamic displacement (dynamic sag) of the
track. The variation of the dynemic tension creates a periodicelly variable
load of the sprocket shafts and idier ax!e; (which 2re in essence cantilever
beams)., The fluciuations of the loads with consideration of the clesiances of
the joints can enter into the hu!l in the form of impulses creating hull vibrations.

Under the varying dynomic loads the shafts and axies are exposed to slight d
deformations which might result into lateral movements of the tracks and,
therefore, lateral impulses (transverse vibrations).

A source of longitudinal vibrations of the track is seen in the periodic
engagement of the trackshoes on the sprockets and idler wheels, This results
fn a relevant variation of track tension superposed on other active dvnamic

phenomencns in the track.
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Another source of v brations of the track is the conditions of the
yround, geometrical nature, {holes, bumps, vashboard, etc) hardness, etc.
The inherent natural frequency of the track is activated to resonance condi
uncer cectain modas of vehicle speed or possilily engine speed.

Natural frequency of other coamponents of the vehicle can exist.
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f. TRANSV

S, I. Leonov™’ investigated behaviwii of belts in vie. of transverse
vibrations, He defined the speed at which vibrations take place by the follow-

ing equations

Vs onLvy (7)

where n §s an integer or a proper fraction with one in the numerater and

: T
Vib = a3

114
is the velocity of propagation of the transvereer vibration in the treck,
T - is the tensjon of the fmmobiic band
m - {s the mass of thc belt of the unit length
It was established that vibra:fons occured when the velocity of propagation in
the belt was a multiple of the band speed.
It was suggested that the centrifugul forces be considered for computation

of the resonance specd as follows:

2™
T+ movy
v = V———;———-—— (9)

where v, = the propagation velocity of the wave
vp = the speed of belt motion

For resonance conditions ¢, is a multiple of the belt spced v, thus

_117 + 2
n . Vr.',35 - m vres__ bp
m
T 1 h .
v = - .
res Vm _\fni -1 (10)

For a track, the tension cculd be calculated from the theory of tiacked

vahicles as follows:

2
G

T o= A (6)

wir

where z s the number of track links

G 1s the weight of the track per unit length
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L is the pitch of the track
s is the sag of the track
(all units in the metric system: kg, @, sec)
For comparison purpose the following data and results of the track .test

rig are given:

0,03 m

sag of track s

tension T
f unit ' k sech

mass of un g

length of track n 5

for n = 2 the computed speed v _ . = 23134 m/sec = 10.2 I/ .

121.2 kg

The cxperimentz! resonance speed was V = 10 kw/h

At V = 10 km/h the average pull on the vorking band of the track was about
800 kg while the track expending forces in the upper free trock band was in-
creased up to (1300 to 2400) kg (225 to 30210).

This 1llustrates that vibrations in the track can create substantial
dynamic loads with impeding effect on the operation of the vehicle.

It is recommendcd fo investigate the c§{stance and acplitude of track
vibration {and eventually resonance conditions) on the MI13 vehicle by taking
motion pictures simtltaneously on the right ond left side of the vehicle against
2 light (vhite) background on the hull, at at least two significant vehicle
speeds,

Forrulz {10) may give some indication for expected resonance speed ranges.
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0. VIBRATION TEST OF 1113 VEIIICLE EQUIPPED (ITH STAMIANG OR IiPACT
ABSORPTION SPROCKETS

In Attachment #3, the test resules of vibration measurements, dated
December 10, 1963, versus vehicle speed are shown for the standard and the
impact absorption sprockets.

Tests were parformed to investigate the effect on crew members during
relatively high-amplitude low-frequency vertical vibretions. The i{nfluence
on decrement of performance in various tasks was to be established.

(7)

As a basis of evaluation, the test resulis of Sternick and al,,
Janeway(e) and Snyder(g) can be used. In the following the results obtained
by Snyder on five subjects are shown in Fig, 38,

The uneveness in the experimental curves {s attributed to exfsting
differences between different subjects in their tracking efficiency during
vibration,

For evaluaticn of the meaning of the various operational curves tie

following definitfons may be usefui™

1. Thrashold of perceptfon: By intense concentration and with

prior knowledge of the coming vibration, the vibration was perceived by the

pitot,

2, Definitely or easily perceptible: This level is the minimum

vibration which cannot escape attention during performance of normal in-

flight dutfes. No interference with duties occurs,

3. Irritating or annoying: The vibraticn has sufficient intensity

to divert attention from operational duties or tasks vhich are beginaing to
be inpaired. Fatigue would be experienced in case of prolonged exposure
(over 1 hour). With increased concentration, normal crew duties would be

little impaired.

*’Abstract from instructions to test subjects Reference 7) p. 43
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Lk, aximum Tolerable for continuous operation: Vital duties not

requiring fine adjustments could still be performed. Safety of flight could
be maintained for limited time (up to 15 min.). Typical bombing navigation
equipment (for comparison) would probably be non-operable at this condftion.

5. Intolerable: Inability to perform even very gross functional
airplane controls. The conditfons must be limited to 1 or 2 min of flight
without danger. High alarm feeling vhen experienced during flight.

The range recommended by R. M. Janeway for comfort iimits (curve A-B-C-D)
is recorded in Fig. 39. It éoincides approximately with the test curve
characterised by: 'Definftely or easily perceptible!" which excludes sub-
stantial interference with operational duties and with the attention of the
pilot. It whould be noted that the range of Janeway's recommendation extends
to 50 eps,that is into the lowest frequency of the M113 tests of sound in-
tensity,

Although these experiments were obtained with pisots fn airplanes during
flight, they can be used for comparative judgement for military vehicle re-~
quirements, until more specific experience with these vehicles is avaflable.
It is suggested to examine the level of vibration amplitudes in regions A and
V in future vehicle tests in view of the comfort limfts of Janeway. Military
venicles may not require the smoothness of passenger cars., The l1imits may

therefore (ie closer to the curve - "Irritating and Annoying' in Fig. 39.
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P fo LINITS OF COMFORT OF STHUSOIDAL viBRATLUNS

9)
The experimental curves of comfort level of Snyder can be approximated

within the limits from 3 to 30 cps by the following relationships for the

i :

! § ) amplitude A of the vibrations:

Loy

P . Threshold of perception

CE 0.37

O A = T79T- inG's (12)

i = f .
b 2, Definitely or easily perceptibia

' - .63
| A - 'f'm‘- (1’)

3. Irritating o amnoying

2.0
= e L
.2.25 (%)

I LT TR

Maximum tolerable for continuous uperation

A = 3:65 (15)
1.9

 e— TN e W LT
=
-

5. Intolerable

2 .00
A Z e 6
§1.53 (16)

6)

Jacklin and Lidell ' recommended trhe foliowing equation of subjective

sensations relatfve to vibrations:

B e e TRR

K = aeo’é'f (17)
Z Where a ~ is the maxt.mum \alue of acceleration
? f - frequency {(cps)
: K - comfort index

e - the basis of natural logarithms

P The following characteristic levels of K at different vibration conditicns

were given;
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TABLE 8

it £
fo;us;-:mr:on COIFORT L7VEL - coroRt TIEX K
K % %
Vertical Uncomfortable 6L.7 100 100
Longitudinal Uncomfortable 11.73 18 18
Transverse Uncomfor:able 8,21 12,7 12.7
Verticza! disturking 31,2 48 100
Lon- ftudins! Disturting L.o2 6.2 12.8
Transverse Bisturting 2.35 3.5 7.5

Based on these values, the 1imit acceleration for comfort should be

determined by

a =

K
0.6 x f {17a)
e

Table 8 shous that the tolerzice for tongitudinal vibration is only 18%
of the amount of the vertical, and for the transverse only 12.7% in the
uncorfortable range. The reduction is even greater in the disturbing range:
12,8 of the vertical tolerance for the longitudinal and 7.5% for the transverse,

In Fig. 40, Snyder's curves of speci{fic comfort for vertical vibrations
and Janeway's recommendation are rrported on a straight graph which shows that
with Increasing frequency the periissible amplitudes decrease beyond about
8 cps very quiclly to low amounts; it does not take an appreciable increase to
reach the irritation condition,

If these values are brought into relationship with the Jacklin distribution
of comfort indices for vertical, longitudinal and transverse vibration,it be-
comes apparent that the tolerable amplitudes for transverse and longitudinal

vibrations are considerably below the experienced values in the M112,
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FMC Corporation

Ordnance Division, San Jose, California

Sound Levels Versus frequency Octaves of
The M113 Armored Isfantry Carrier Equipped
with Standard or with Impact.-Absorption
Sprockats

Test Results dated 10 December 1953

By R. FASANC




{ ),sub.ac. IMPACT APSORBTIQN SPROCKET TEST
rmﬂanpomd by R FASANO Date J2710°63 Code No.

A lChocked by Dwy. No. _________ Project No. 4/~ ~426

- V o en
v, VIBRATION JAD 6%
VERTION, lovmwe WALl TRANC YaRSE
%?He!‘g"g 6TD. | EXD. |6TD. |6xpP. | S € XP.
(MPH, D' . 6 . p. w- . i
5 86|10 |osr | 0.5 10.92]0.63
20 .22 | 108 |0.53| 0.4 | 0.60| 0.68] ’
25 206 307 o's 00” 0'89 0.3
30 2201272\ 0.5 | 075 1.38 +3

#MEASURGMENTS ON QIGHT & LEFT SIDES WERE AVERAORD

FMC CORPORATION - ORDNANCE DIVISION
SAN JOSE CALITORNIA

Ord-Lng-694 ' Page No.
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RIGHT SIDE
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SPEED VERTICAL |LONGTUDINAL] TRANSYE RSE
(MPH)
STD {exP |STD | axp |STD | £XP
§-2 194 | 125 1 0.8 | 08 {143 |0.82
20 .39 | 1.36| 0.8 | 0.5 |o.78| 0-89
25 2031219105 | 08 |0.96|1.08
30 250 381108 07 |1-28 | [.69
LEPFT 310%
VEH"CLE" VIBRATION LOAD Sg
SPEED WRTICAL [LoMeTUDIM] YTRAVE RS E
MPH)
SY0 | exp | TP | EXP | 8TD | EXP
(] ILI8 | 0.75 1053 | 0.5 | 0.7 0.5 |
20 1-084 | 0.81 057 | 0.25 042 0.4
25 12.07| 1.2 |0.80]| 0.6 |0.82]| 0.5
30 208 1.65 l0.50| 0.8 | 1.2 ]| 0.9
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THE MOTION OF A TRACK SHOE

BY

JOHN A. EILERS

6 MARLH 1664

ECONOMIGC ENGINEER ING STUDY BRANGH
ADVANCED SYSTEMS & CONGEPT RESEARLH DIVISION
RESEARCH AND ENGINEERING D IREGTORATE
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SYMBOLS

(vector) Instantanecous positiom of track shoe
{vector) Instantaneous velocity of track sho:

(veector) Instantaneous acceleration of track shoe

N

}><m

(veetor) Instantaneous accaleration of track shoe in the directiom

tangentisl to the curve of motion

‘“g (vector) Instantaneous acceleration of track shoe in the direction

verpendicular to the curve of motion
‘,J Base coordinats vectors
RPM of idler
Angle of rotation of idler

Time elapsed (minutes)

(vector) Forward velocity of vehicle

VDS 63

Radius of i{dler

- e AT ——

e e mp e TR

C e AABRMEEAL ohe S 0 A




THE MOTIGN OF A TRACK SHOE

With the ground as reference, a track shoe follous a cycloidal curve vhen

pagsing over the idler or sprocket (Fig. 1), The equation of a cycloid is:

S-—Y‘C¢-—‘52'1l¢)i -\-Y‘(l—cos¢)j

Each track shoe will follow this curve, The velocity and acceleration of

the shoe are:

<
i
%
N
A
0O
o
o
N/
on
ot

FIGURE T




P )

e s

e e A e« s, e

. -1 . P - -
ns, wneie 7o is the KPH of

the idier and ZL is the time in minutes, Thereforet

%= 27Cn

The acceleration A has to be decomposed

into tangential sand radial components ( A T

and AR )t
| A
| A< | = | Al sin =arinr sind

IAlcos % = 47 r COS%

|\

Substituting for ¢ and —Sg%, the
FIGLURE TL

equations becoume:

AT,:: 4-c*N*Y cos Cﬂ:ﬂ'l‘)
Azl = 472 70 zin (rnd)
VJ = 2ny V2[i- cos Grent)]

Dimengionless graphs of these functions are shown in Figure I11.

Note that with a fromnt-driving sprocket, all the teeth which ecantact the
track (except the first onme) are decelsrating the track to zero velocity, Only
the first tooth at the top & the sprocket is available to transfer energy to the
track and accelerate it over the rear idler. In other words, zil the energy uliich
propelg the vehicle forward is transfered to the tracks by one tooth on each
sprocket, Although this analysis conreins a flat track (idler and sprocket cn the
ground), the same principles are used with any type of track and the same

~onclusions apply. (Sea Figure V)
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Fieure Y

Dvynamics oF NormaL Tracrk ConkiauraTion

&= 2znn, = 2rRn,

A-B cyclLoiD (ROADWHEEL)
B-—C STRAIGHT LINE

¢c-0 CrecrLo (IDLERY
D= STRAIGHT LINE

Motrion oF TRogx Sueoe
ReLatvive 1o THe GRounD
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When a track shoe is picked up and carried to the top of the jdler, it
undergoes a rotation of 180° about fts center Jf gravity (See Fig, VI}. This

rotation is superimposed upon tne cycloidal motion of the shoe as a mass.

Since the shoe moves with the idier {neglecting small impulse-induced

1
{
fluctuations), the angular velocity of this rotation is constant and is equal i
to: !

t

¢ -
a = = 21072 radians per minute
AL

This rotation must be started instantaneously when the shoe is lifted '
of f the ground, and rust be dissipated rapidl,; at the top of the idler when
the shoe starts down the free section of track. Thus, larce ancular accelcrations
will be induced as each shoe is picked up end releazed, These accelerations
should cause vibration in the track, vhose vavel-n-~th is comparable to thn

track pitch.
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ATTACHMENT #b4

SOUND AND VIBRATION UNITS

SUMMARY

Units of the different sound and vibration phencmens used in the
Memor anduta Report on Noise and Vibratfon in the M113, Armored Infentry
Carrier equipped with impact absorption sprockets, are discuised and de-

fined as based on the explanations, definitions erii propéerties compiled

“ from the references:

1. L. J. Fogel: Biotechnology, Concepts and Applications,
Prentice-Hall, 1963,

2, L. L, Beranek and al.: Principles of Sound Contrel fn Afr-
planes Cruft Laborstory, Harvard University, 1544,

3. J. H. Bowsher and D, W, Robinson: Calculatfon of Zwicker Phons
on-a Digital Computer

Nature, Voi., 200, Nr. 4906, 9 November 1963, pp. 553 to 555.

Compiled by: Dr, F, Joklitsch




- r

==

1.

3.
b,
5.
6.

7.

CONTENT

TERMS
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INTENSITY OF SOUND (decibel db)
TSensation Toval,

signal {nteneity,

intensity lovel)

Sound {ntensity §s cxpressed fn decibels. The decibel {s a logarithmic
unit based on the ratio betwsen two values of puower or two values of energys
The d19f’¢;nco in decibels botween two values of energy £, and E, {3
) § % 10 09y Z1
.Ez
Thus, the d{fference in decibels between two sourd intensities 11 and
t, is
' f = 10109, 4
2
Inazmuch as the intensity {s preportfonel to the square of tha sound

pressure p or to the square of the particle velocity v:

i = 10 log;y ¥y = 10 1og P12 ¢ 10 leg. - V'z
—

0 — 10
2 P2 v 2
or 2 2
- f = 20 log,, f_,_ = 20 log, . “1_
pz V2

The pressure p and perticie velocity v are measured at the same points or
at points where the accoustical conditions are similar,

The sound fntensity in a given direction at a point {s defined as the rate
of flow of sound energy through a unit area perpendfcular to the given direction
at the point.

Sound Intensity is measured in watt/cm2 or in dyne/bmz. The human ear
responds to a wida range of intensitie. . The maximum tolerable {ntensity {s

12
10 tima as great as the least audible intensity. The decfbe! scale compiresses

this very wide renge of 10‘2 in {ntensity to a scale length of 120 db,
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The intenaity of @ sound as Jefined s & phiysicel properiy and, thus,

subject to objective mesasurements,

STYANDARD REFERENCE LEVEL

Sinca the decibe! scale expresses only how much greater one sound
intensity {s then snother, {t is advisable to adopt s certain standard inten-
sity as s reference level so that all sound Intens{ties can be expressed in
terms of decibels above or below the standard.

The standard reference level as established by the Axmerican Standard
Assocfatfon (ASA) {s3

0.0002 dyne/cm?
and it correnponds.roughly to the minimum audible intensity at 1000 cycles per
sacond or HERTZ, This reference level corresponds approximately o an energy

16 watt/hmz for the case of a freely traveling plane sound

transmission of 107
wave in afr,
For a tomperature of 80°F (26.7°C) and a barometer pressure of 74 cm Hg

(1kg/%m2; 10m of water, or 14,22 pst) this relation is exactly true,

PRECISION OF PERCEPTION

The suditory perception {s most sensitive to changes in the signal {a-

tensity over the frequency range betwaen 500 and 10,000 cps.




LOUONESS LEVEL L {Phons)

The proparty of a sound most important for noise reduction work is {ts

leudness lavel, or the strength of the sensation in the human sar.

The strength of sensation fu found to dapend in a rather complex mantier
upon the frequency and intensity level of the sound. A plot of curve: for
sounds appeering equelly loud provides the system of curves shown in Figure |,
All points on a given curve represent sounds which appear to by of equal leud-
ness lavel to the average human ear.

Thus, & sound at the frequency f and the intensity | has tire louanest laval
L as follows:

fort f = BOcpsand § = 60 dbs L = 30 phons
f =9000 cps and § = LO dbs L = 30 phans

f =1000cps and f = 30 dbs L = 30 phons
hence, they ar; of equal Toudness level L,

The ioudness level L of a sound is defined as the intensity level § {n db
of an equcily loud tone of 1000 cps. Th; numbers on the curves of Fig. | «re
the 1ouditess levels in phons as defined by the ASA,

L = 0 phons represents the threshold of hearing, provided the threshold
{s measured in terms of tne minimum audible pressure at the ear drum.

The highest curve (120 phons) represents the threshold of discomfort at
vhich the sound sensation {3 accompanied by a sensation of annoyance or vibration
fn the ear. The threshold of pain {3 experienced at approximately 140 db.

The phenomenon of heering is based on thre: different ways of canduction:

e the aero-tympanic
2, the cranfo-tympanic

3. tha osseous conduction
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Probably there exists a distinction of sensitivity for frequencies.

The sonfc range resches from about 16 to 20000 cps for the "aversge'
hSuman ear. In this range the sound {s mostly related to a certafn pitch.

The subsonic region comprises the range below 16 cps, the ultrasonic
extends beyond 20000 cps. Sounds {n these regfons may still be perceived but
without a definite pitch (see '"Pitch of Sound) (Fig. 2),

The phon {8 not a convenfent unit for general use, sinCe we need & team
of 'NORMAL'' observers to make any measurements. S0 over the years, several
people have tried to find ways of calculating phons from the sound's physical
characteristics, The methods are 2!i based on manipulating the dats obtained
from a spectrum anslysis »id allowing for the different response of the ear to
sounds of different pitches. - ‘
The most sophisticated method {s that derived by 0, . Zwicker') in |§59,

which takes int> account the phenowenon known at masking.

1)K. E. ZWICKER: FREQUENZ (13), 1959 p. 234 and foll.
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LOUDNESS 1 (sonss)

The loudness-level contours ({.e. curves frn Fig, 1) and the sound lavel meter
readings indicate {n tarms of lavel and freouency what tones will sound equaltly
loud, However, they do not furnish us with a scele for measuring loudness,
which {s that subjective quality of a sound which determines the magnitude of
the suditory sensati{on produced by the sound.

Loudness is a subjective, or psychologfcal attribute of a sound, whereas

loudness level {s partly physice! partly psychologfcal, and intensity level

is purely a physical quantity, Sound level which is the reading taken on a sound

level meter, fs approximestely equivalent to loudness level! {f a proper weighing

network s used.

The loudnass level contours makes possible to determine what sounds will
sppedr equally loud to the ear, but they do not {ndicate what sound will appear
twice #s loud or half as loud or 100 times as loud as & given sound. For this
type of information we refer to curves of loudness versus intensity level which
are *hown in Fig. 3.

Loudness 1s expressed in ''sones" (unfts of perceived loudness), which are
ind{cated on the coordinate scale. These numbers are proportional to the loudness
of a sound as heard by the "Normal' human ear.

For example, we see from the curve that a 1000 eps tone of 40 db intensity
has & Toudness of 1 sone, &nd a tone of 98 db intensity has a lasrdness of BO sones,
From this we know that the second tone sounds 80 times as loud ss the first,

In the frequency range from 1000 to 8000 cps, 2 change of 12 db is required
to chenge the loudness by a factor of 2. For instance, in order to change the
loudness from 150 sones to 75 sones the intensity level must be changed from 110
to 98 db, For a reduction in Toudness of 10% the intensity level must be raduced

by about 1,2 db.
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Loudneee {s the «

{s himctive judocamant of the intensity of the

v
sound stimulus., This judgement can be achieved over an extreme wide range of
physical sound intensities, The normal ear responds above zero db as shown in
Fig. 2 which corresponds to 0.0002 dynes/bmz. The auditory channel can respond
to sound pressure levels which produces a furce as small as three millionth of a
gram.

At the other extreme it {s sensed:

Discomfort at about 120 db (threshold of discomfort)
Feeling at about 130 db (thrashold of snnoyance or disturbsnce)
Pain s induced at sbout 140 db (threshold of pain)

The usable sound intensiti{es extend over a ranges »f severa? million times
the smallest pressure,

It {s often necessary to cstimate the relstive intensity of sounds, In such
e case, it is appropriate to use the sone scale wherein one (1) sone is takeﬁ to j
be the perceived loudness of a 1000 cps pure tone 40 db above audfitory threshold,
If 8 given sound s judged to be twice as loud 23 the reference, it is celled a
two sone sound,

To ease the conversion from physfca! sound measurements (sound intensity
fn db) to physfological sensation (perceived loudness {n sones) a conversion table
was provided (Table 1), Comparison in loudness gives a more realistic judgement
of the noise behaviour of a vehicle than compared decibels.

The reason that sound intensity which ts a logarithmic energy reading does
not give an immediately usable gauge for the judgement of auditory problems cen

be explained by Fig., 4 whose curves were deducted from Fig. 3.
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TABLE

Relat{omship Between Sound Intansity I (dh)
Frequeney £ (cps) and Loudneas 1 (gone)

Intensity

toudhess ! In Sones at the

Frequency £ in cps
{ in db 1000 400 200 100 50 25 10

70 12.8 12.5 9 s 2
7 14 14 10.2 5.5 2.8
12 15 13 1.4 6.2 3
73 16 16 12.6 7 3.5
74 17.2 17.2 14 8.2 4
78 18.4 18.4 15.2 9.5 4.6
76 19.7 19.7 16.7 10.9 5.2
77 21.2 21.2 18.4 12,4 6.4
78 23,4 23.4 20 14 7.6 0.5
79 25 25 21.8 15.7 8.9 1.0

© 80 27 27 23.8 17.5 10.3 1.3
81 29 29 25.6 19.7 11.9 2.2
82 31 3 27.6 21.5 14,5 3.2
83 33,2 33.2 30 23.5 17 4.8
84 35.5 35,5 32.5 26 19.5 6.4
85 37.8 37.8 35 28.5 22 8.5
86 40 40 37.5 31.3 25 11.2
87 42,5 42,5 40 34 28 14
88 X 45 43 37.5 32 18
89 48 48 46 41 36 22

90 51 51 49 44 40 27
91 54 54 52 48 44 32
92 57 57 $6.5 51.5 48 38
93 60 60 60 55 52 b4
94 63 63 63 59 57 50
9s 66.5 66.5 66.5 63 61 58
96 70 70 70 68 65 61
97 74 74 T4 73 70 67
9a 78 78 78 78 75 73
99 83 83 82 83 81 79
9




Table Cont'd

Intensity Fraquency f cps
db 1000 400 200 " 100 50 25 10
100 98 98 98 98 87 86
101 94 9% 94 9 94 93
102 100 100 100 100 100 100.
103 106 106 106 106 106 106 0.4
104 112 112 112 i12 112 112
L08 119 119 119 119 119 119
106 127 127 127 127 127 127
107 136 136 136 136 136 136 10
108 145 145 145 143 145 145 14
109 184 154 154 154 154 154 19
110 163 163 | 163 163 | 163 163 2
111 172 172 172 172 172 172 29
112 181 181 181 181 181 181 34
113 190 190 190 190 190 190 39
116 200 200 200 200 200 200 45
113 216 210 210 210 210 210 51
116 220 220 220 220 220 220 57
117 230 230 230 230 230 230 64
118 261 241 241 241 241 241 69
119 252 252 252 252 252 252 75
120 263 263 263 263 263 263 81
121 276 276 276 276 276 276 &7
122 290 290 290 290 290 290 93
123 304 304 304 304 304 304 100
124 317 317 1% 317 317 317 107
332 332 332 332 332 332 13
347 347 347 347 347 347 119
363 363 363 363 363 363 125
379 179 79 379 379 179 131

10

|
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Teble  Conttd
intanatey Preguency £ cps
db 1000 400 200 100 50 25 10
129 397 397 397 397 397 397 136
130 412 412 412 412 412 412 142
138 171
140 198
148 230
150 263

rmmmu TR
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PITCH OF SOUMD (mat)

Pitch s a single-valuzd subfective summary of {he sensed spectral
properties of the sound-stimlus, The l{stener describes a sound as being
high' or "ow'!,

Generally, ths pitch of a note roughly corresponds to the frequency of
the predominant s{inusoidal components which might be used to synthesize the
pressure amp!{tude waveform. Pitch can run the gamut of sensed sound
frequencies from about 20 to an upper limit of atout 16000 to 20000 cycles per
second, depandent on the l{stenar, As the spectrszl praperty of a sound-signal
{s mede more dfffuse over a band of frequencies, 1t becomes more difffcuit for
the l{stener to distinguish pitch. He hears the note clearly but 1s unable to
offer a singular representation for the specrums:

Some sounds, such as NHI}E SOUND (equal ampiitude components over a wide
#requency range) and a very short sinusoid (where there {3 insufficient time to

establish a spectral fdentity) can have no pitch at all,

Socinds as low as 5 cps (subsonic)(Ffg. 2) or as hfgh as 100000 cps
(ultrasonic) have been hmard due to the nonlinearity of the auditory.channei
which serves to conwvert portions of the impinging sound energy into fregquencies
within the normal auditory range. The reported cases sre without specific
sensations of pitch,

Pitch appears as a two-dimensfional attribute:

i. Pitch propasr
2. Intensity of pitch sensation measured by the ease of the 1{stenar
to distinguish {t,
Timbre, brightness, fullness, etc. are other spectral-dependent perception

attributes (but of secondary {mportance),

12
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the musical scele appear to be of shorter range than octaves in the middle range,

The perceived pitch of = sound is reiated to other aspects of the physical
stimuius, Piteh s lowered by an i{ncrease .n iIntensity of pure tones in the
renge below 500 cps: That §s iow notes appear lower whar they zrz atronger.

In a similar manner . high tones, sbove 4000 ¢ps appear higher upon in-
cresze of the stimulus fntensity,

The octave (tha range betwean tones whict are related by a frequency
factor of two (2); 1s the common unit of measure in musfc, Pitch, however; is

nonlinearly related to frequency in such a way thzt octaves towards tha ends of

To overcome this diff{:uity, a scale has heen developed using the unit ¥
mel. Mel 1s defined as the unit of equal pitch as fudged by an average 1istener.
Arbitrary refererice has bean established as 2 1000 cps sinuscidal tone

stimulus heard at 40 db above the threshold cf audftion, This s said to
correspond to the 1000 me) point. Pitch of & given stgnal might be judged to

be one-half that of the reference in which case {t would be described as being
500 llh.




PRECISION OF PERCEPTIUN (jnd)

The precision of perceptinn can be stated {n terms of the size of the

"just-noticable divference'' (jnd) that mintmum smount of change fn the stimulus

which will be detected with a probability of (50%).

The frequency jnd is smaller for tones toward the low end of the frequency
spectrum, the actual amount being depsndent upon the sensation level. Below
20 db sensatfon level, ths average humen looses his ability to percefve chat\ige
in frequency, Above that intensity level a frequency difference of three (3)
cps 1s significant for tones below 1000 ¢ps. Above that frequency the jnd fs
approximately three-tenth of one percent (0.3%) of the tones frequancy. I‘

In t.ho Toudness range below 20 db, the detectable diffeorence ‘s fron‘z to
6 db depenient on frequency of the sound, while §n the range above 20 db 1/2 to
1 db {s sufficlent, At extramely high frequencies a !'zrger increment s rrequi‘re\d

to ussure detecticn of tha change.

14
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VIBRATION INYENSITY (pal)

The Weber«Fechner Law states that a sensation {g preportions! to the
jogarfithm of the stimulus intensity. This statement serves as a basis for the
establiihment of a gsuge of vibretion intensity as follows:

The stendard vibration intensity unit 'pal* {s defined by
v

pal = 10 log (1)
Vo
This {s similar to the definitfon of the sound {ntensity ''decibel"
decibel = 10 log "1 = 10 eg 11 (2)
2 I

which is the logarithm of energy or intensity ratios.
It means i{n equation (1)
The runs velocity V of simple harmenic mot{on {SHM) ¢

Vv = 2 fA
L

LY
with f <« frequency in cycles per second (cps)
A - amplitude of vibration ir. inches

With
"MV = 0.0125 fn/sec

as a threshold velocity, the following steps of subjective levels of sensation

are expressed by pel;

TABLE 2

Vibration

Sansation Intensity
pal
just detectable to 5
quite perceptible 5 to 10
troublesome 10 to 20
unpleasant 20 to 4O




Ten Cate*) defines another vibration unit "trem'':

The "trem' {5 & freguency sensitive scéle, This kind of scaie compares easily

with Janeway's curves throughout his frequency renge.

x)
Reference: W. TEN CATE: 'Vibration Nufissnce", Royal Ajrcraft Establ{shment,
Great Britain (AD 159-701) October 1957, Library Transtation by R. C. Murray,

#693 from Institute TNO VOOR WERKTUIG KINDIGE CONSTRUCTIES, Report #iL7,
May 1953
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