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This work is a continuation of the investigation of vibration damping treatnts

for thick plates of submarines. It was shown previously that the damping of

steel bars by treatments, each of which consisted of a constrained layer of

chromated felt ad a constraining layer of aluminum, exhibited a maximm at

about 750 to 850F. Damping fell off sharply at temperatures below or above

this range. The objectives of this work were to determLne the cause of this

behavior, and to find other types of treatments yielding satisfactory damping

in the temperature range of 350 to l20F.

It was found that the effect of temperature on the daping of the treatments

utilizing chromated felt was due to the materials which were incorporated in

the felt, rather than to the felt proper.

Two unconstrained treatments were tested on 3/4 inch and 1-3/4 inch thick steel

bars. One of these treatments, Type H, was a nitrile rubber vulcanizate.

The other treatment was a plastic compound, the main ingredient of which was

a modified polyvinyl acetate.

Higher average dmpings over the frequency range between 50 and 2000 cps were

obtained at 85'F with two constrained chrometed felt treatments, of a weight

ratio of treatment to steel of 0.25, than with the two types of unconstrained

treatments of 0.25 or 0.30 weight ratios. It wee concluded that the two

unconstrained treatments tried were not as satisfactory as the constrained

felt treatments for damping thick plates on submarines.
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(a) BUSUWS Itr 1013-13-01 Ser 634C1-736 of 21 Jul 1961

(b) RJSKIPS ltr 1013-13-01 Ser 634C1-1277 of 15 Dec 1961

(c) VMJHDS ltr F013-13-01 8er 634C1-28 of 5 Feb 1962

(d) BUSHUS ltr 7013-13-01 Ser 634C1-162 of 9 Feb 1962

(e) Military Specification MIL-G-20241 , of 26 Jan 1953: "Gasket Material,
Wool Felt, Impregnated, Adhesive, Pressure-Sensitive (Symbol 2291)"

(f) MAVSHIPYD NM ltr 10320 (392-6741) of 2 Jan 1962

N'IODUCTION

1. This york is a continuation of the investigation of damping treatments

for heavy plates of new construction submarines which w authorized by the

Bureau of Ships in reference (a) and mended by references (b) and (c). The

previous phases of the investigation were described in Rubber Laboratory

Reports, Nos. 94-12, -U2, -23, -Z4, -25, -Z7, -29, -33, and -36.

2. The present work deals principally with the specific aspects of the

problem which were authorized by the Bureau in paragraph la of reference (b),

namely, the effect of temperature on damping of 3/4 inch and 1-3/4 inch thick

steel bars by constrained felt treatments. In addition, the daping of these

bars by two unconstrained treatments, namely, Type H, and a treatment consisting

of a modified polyvinyl acetate compound were also studied. The last mentioned

phase of the LImestigation was completed prior to receipt of reference (d), in

which the Bureau requested that the study of the Type H treatment be held in

abeyance pending further information concerning the program.

I



I

i 3. ,ncouraging results were obtained in previous work at 75" and 85"! with

damnping treatments based on constrained chromated felt conforming to speci-

I fication MIL-G-20241D, reference (e). Subsequent data, however,dhowed that

I the dmping by this type of treatment fell off sharply below and above this

narrow temperature range (Report No. 94-36). Dmping at 350 and 120*7 was

I found to be only about 1/5 to 1/4 of the daping at 7507 in the frequency band

of 50 - 2000 cps. This behavior was considered to be an undesirable feature

I of the treatments, as was indicated in reference (f). One of the objectives

of the present study was to ascertain the cause of the temperature sensitivity

of the treatments, with the hope that knowledge of the cause of the undesirable

I characteristic of the felt might assist in remedying the objectionable feature.

4. It was indicated in Report 94-36 that the pronounced temperature sensitivity

of the above treatments probably resided in the constrained chromated felt and

not in the constraining aluminum layer. The chronated felt used in the pre-

vious phases of the investigation was impregnated with an organic compound.

It was also coated on one side with a thin layer of a polymeric adhesive.

j When a constraining pressir a was applied to the chromated felt, the adhesive

was forced into the interstices of the felt. One objective of this investi-

gation was to determine whether the temperature sensitivity of the treatments

was due to the felt proper, or to the compounds incorporated in it. If the

latter proved to be the case, then impregnation of the felt with the proper

compounds might improve its damping at temperatures below and above 75* to

85"F.!
5. The second objective of this work was to find a satisfactory alternative

treatment for the constrained felt type treatment in the event that the felt

treatment would not be amenable to improvement. This was the purpose of the

Itests of the two unconstrained treatments, wMich were entioned in
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paragraph 2. These trea-tmot wre selected for the present study because

they had shown promise in the daming of thin steel plates, 318 inch thick.

6.* This investigation has in the pat been aimed at the damping of pressure

bulkheads and deep frames, which have flat surfaces for easy application of

the treatment. Although the damping of the pressure hull of a submarine is

desirable, it is difficult to fit the metal outer layer of a constrained-layer

daping treatment to the concave hull surface.* If an efficient unconstrained

damping treamnt could be found for heavy plates,, it wuld perhaps make

economically feasible the damping of submarine hulls as well as bulkheads and

deep f rames.

MSCR1PTIOF o DAING TUA2MW

7. The tested treatments are described in detail in Appendices 1 n 2.
Appendix 1 lists the treatments vhiich were applied to 3/4 inch thick steel

bars; Appendix 2 lists those which were applied to 1-3/4 Inch thick steel

bars.

8. The treatment used as a control in the experimnts with the 314 inch bars

was Treatment 200. That used as a control in the exerinants vith the 1-3/4

inch bars was Treatment 198. Thes" treatmnts utilised a constrained layer

of chromated felt, which conformed to reference (a), an a constraining layer

of aluminum. They are the best treatments developed to date for these, thicknesses

of steel plate in view of the requirement that the trea t shall not weigh more

than Z5% of the plate being damed.

9. Treatment Z18 me prepared to find whether or nt the dauqing efficiency

of Treatment 200 was dependent on the absorbed polymeric material in the felt

3



layer. Treatment 218 was identical with Treatment 200 except that Treatment 218

utilized felt with no absorbed polymeric material. The nontrated felt was

obtained from the same source as the treated felt, and was the type used by the

manufacturer when preparing the treated felt.

10. Treatments 212, 213 and 214 were prepared to find how efficiently uncon-

strained layers of Type R material would dampen vibrations in 3/4 inch bars,

Treatments 204, 205, 206 and 207 were unconstrained layers of Type H material

applied to 1-3/4 inch bars. Type R material, based on nitrile rubber, was

originally developed to dampen vibrations in 3/8 inch thick steel plates. The

recipe for this material is given in Appendix 3. It was vulcanized in the form

of 0.63 inch thick slabs w;hich were cross V-grooved with a spacing of 1/2 inch

between center lines of parallel grooves. The grooves were 0.33 inch deep.

11. Treatments 215, 216 and 217 were unconstrained layers of Compound 384-578

applied to 3/4 inch bars. Treatments 208, 209, 210 end 211 were unconstrained

layers of Compound 384-578 applied to 1-3/4 inch bars. Compound 384-578, based

on a modified polyvinyl acetate, was also originally developed for damping 3/8

inch plates. The recipe for this thermoplastic material is given in Appendix 3. It

was formed into slabs 0.58 inch thick by laminating a number of thin layers on a

calender.

12. The slabs of both Type H material and Compound 384-578 weighed 4-1/2 pounds

per square foot. The slabs were cemented to the steel bars, and to each other

when more than one layer was applied, by means of an epoxy resin, Chemlock 301,

which hardene at room temperature. One to four layers of either one of the

two damping compounds were applied to the 1-3/4 inch thick steelbars, and one

or two layers to the 3/4 inch thick bars. The purpose of the multilayer treat-

menta was to study the effect of treatment thickness on damping, within the

maxdmiam weight limit for treatments as established by the Bureau. This limit

is 25% of the weight of the submarine plates. This limit corresponded to the
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to the weight of four layers of the two damping treatments on 1-3/4 inch thick

bars. The limit was slightly exceeded when two layers were applied to 3/4 inch

thick bars. The weight ratio in this instance vas G.3Q.

13. It is not practical to apply dauping treatments to both sides of the hull

plating of submarines. For this reason, only test assemblies with one-sided

application of the damping compounds were tested on the 1-3/4 inch thick steel

bars. The 3/4 inch thick plates are located in the interior of the submarine,

and thus lend themselves to two-sided applications. Consequently, both one-

sided and two-sided treatments were tested on the 3/4-inch thick steel bars.

TESTING PROCDUNES

14. The felt treatments, Treatments ZO0 and 218, were tested over the tempera-

ture range of 35' to 12007. The treated bars were placed in a clmber where the

temperature was maintained within tl*F of the desired level. The bare were

conditioned at each temperature for a mininim of two hours before measuring

damping. An initial constraining pressure of 40 psi was applied to the treat-

meant at room temperatures prior to these measurements. The treatment was not

disturbed in the course of the tests, as the temperature was varied. The

homogeneous treatments were conditioned for a minima of 16 hours.

15. Appendix 4 is a diagram of the instrument arrangement used for measuring

damping. The measuring procedure was described in detail in Report 94-36.

Briefly, it was as follows: the test bar with the applied treatment was suspended

horizontally from an edge of the bar at two attachment points by means of a

light rope. An electromagnetic oscillator, which served to excite vibrations in

the test assembly, was connected to one end of the bar, and an accelerometer to

the other end. The frequency of the oscillator was gradually increased until
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I the response of the accelerometer indicated a resonance for the bar assembly.

The drive to the oscillator was then shut off by means of a relay, and the

Idecaying vibration, as detected by the accelerometer, was displayed on the
I Memoscope. Damping, C, expressed as percent of the critical damping Co, was

calculated according to the following formula:

% m *A&

where K - a constant which includes calibration factors of the instru-

ments used.

A - attenuation angle of the logarithm of the amplitude signal on

the Memoscope.

T - sweep time of the Memoscope, in seconds.

I F = vibration frequency of the test bar, in cycles/seconds.

16. Damping measurements were made only over the frequency range between

about 50 and 3000 cpa.

RESULTS AND DISCUSSION

17. The results of the tests are tabulated in Appendices 1, 2 and 5. Selected

data are graphed in Appendices 6, 7 and 8. The damping values over the fre-

quency band of 50 to 2000 cps were averaged. These averages are referred to

hereunder a "average dmping!'.

18. Treatment 200, which utilized chromated felt, exhibited a sharp maximum

damping at 750 to 85°F. This was evident from the values for average damping

I as well as from the width of the frequency range at which damping was equal

g to or greater than 5% C, appendices 5 and 6. By contrast, the average dampings

for Treatment 218, which utilized nontreated felt, remained practically constant

between 35' and 120'F, and damping was substantially lower than for Treatment

200, Appendix 6. Indeed, it was only slightly above the damping level obtained

with untreated steel bars.
6



S19. It is concluded from these data that the pronounced teuperature-sensitivity

exhibited by damping treatments based on constrained chromated felt is due to

the additives to the felt rather than to the felt proper. This temperature

sensitivity is presumably related to marked changes in the viscosities of the

additives with temperature. The chromated felt is soft and sticky above about

1000, but appreciably stLf-er, and nonstLeky below 500F. It is believed that

satisfactory damping probably can be obtained with treated felt over the

temperature interval of 35" to 120F.by the substitution of suitable additives

for the compounds which are now incorporated into the chromated felt. Such

additives must show only small variations in their viscosities at temperatures

between 35* and 120*F.

20. The two unconstrained treatments were tested only at 85*F. Average

damping# of these treatments and maximum damping between 50 and 3000 cps were

approximately proportional to the number of treatment layers applied, and to

the weight ratios of trement to steel, Appendices 1 and 2. These relations

held in the case of the one-sided applications. Lower daping, however, was

obtained when one treatment layer was applied to each of the two faces of the

steel bar, than when two layers were applied to one face of the steel bar.

This is indicated by the data for Treatments 213 and 214, and for Treatments

216 and 217, Appendix 1.

21. In the case of 3/4 inch thick stel bars, the chromated felt treatment 200

with a weight ratio of only 0.23 was superior even to the unconstrained treat-

mnts 213, 214, 216 and 217, with a weight ratio of 0.30. This superiority

mifaested itself in average damping, and in the width of the frequency band over

which damping was equal to or greater than 5% of critical damping, as indicated

by the data of Appendix 1.
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22. The superiority of the constrained chromated felt Treatment 200 over the

unconstrained treatments manifested itself also in the frequency range at which

high damping occurred. The principal noise in submarines is presumably of low

frequencies. Damping at low frequencies would be more desirable than damping

at high frequencies. The damping obtained with Treatment 200 in the low

frequency band between 50 and 500 cps ranged from 6% to 9% of critical as in-

dicated in Appendix 7. The corresponding damping obtained with Treatment 214,

the best of the unconstrained treatments, was only 0.3 to 2.5% of critical.

Damping equal to or greater than 5% of critical was obtained with this treatment

only at the higher frequency range of 650 to 1800 cps.

23. The superiority of the constrained chromated felt treatment over the

unconstrained treatments is also evident in the case of the 1-3/4 inch thick

steel bars, as indicated by the data of Appendix 2, and the graphs of Appendix 8.

On these graphs were plotted the results which were obtained with Treatment 198

and with the two best unconstrained treatments applied to 1-3/4 inch thick

steel bars. The superiority of the constrained felt treatment is indicated

by its higher average danping, and by its higher damping, from 5% to 7% of

critical, in tie low frequency range between 50 and 300 cps. The damping of

Treatment 207 in this frequency range was only from 0.3% to 2.5%.

24. Previous tests, wherein Type H treatment was applied to 3/8 inch thick

steel discs, showed maximum average damping at 90*F in the temperature interval

between 30* and 90*F, and for frequencies up to about 2000 cps, Report No. 94-31.

Average damping at 90*F, a temperature only slightly above the temperature at

which this treatment was tested in the present work, was approximately twice

as large as at 50* and 30*'. In view of this behavior, it was concluded that

Type H treatment was not likely to yield satisfactory damping of thick steel

plates throughout the temperature range of 350 to 120*F. Consequently, no

damping tests were conducted with this treatment at temperatures other than 85*F.
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25. It was noted that the unconstrained polyvinyl acetate treatments tended

to sag when the temperature was raised to 1207*. Manifestly, this material

was not suitable for service at moderately high temperatures.

CONCLUSIONS

26. The results obtained in this work led to the following conclusions:

a. The pronounced effect of temperature on the damping behavior of

treatments consisting of a constrained chromated felt and a constraining

aluminum layer is due to the behavior of the compounds incorporated into

the felt, or deposited on its surface, rather than to the felt proper.

b. Unconstrained treatments prepared from either Type H compound, a

nitrile rubber vulcanizate, or from stock 384-587, a compound of a

modified polyvinyl acetate, are less satisfactory for damping thick

submarine steel plates than constrained, chromated-felt treatments.

FUTURE WORK

27. It is clear from the work performed that in order for felt to be useful

in constrained-layer damping treatments, it must be impregnated with some vis-

coelastic material which has lower temperature sensitivity than the materials

now used in chromated felt. It is planned to investigate impregnates made

from materials such as silicone rubber whose properties are known to be rela-

tively insensitive to temperature within the range of 35* to 1200F. It is also

planned to investigate the use of solid viscoelastic materials for constrained

layers.

28. An attempt will be made to correlate the damping efficiency of the con-

strained layer with its dynamic spring rate and loss factor. If this can be

done, it will greatly facilitate the evaluation of candidate materials for the

constrained layer.
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DESCRIPTION OF DAMPING TREATMENTS AND DAMPING OF 68 x 4 x 3/

Nominal
Treatment Dmping Weight Ratic

No. Material Mode of Treatment Application of Treatment
to Steel

200 1/4 inch Constrained felt and 1/2 inch thick aluminutm 0.23
chromated constraining layer applied to one side of
felt steel bar. Initial constraining pressure -

40 psi

218 1/4 inch Constrained felt and 1/2 inch thick aluminum 0.23
nontreated constraining layer applied to one side of
felt steel bar. Initial constraining pressure -

40 psi

212 Type H* I layer on one side of steel bar 0.15
213 Type H ? layers, one on each si 'e of steel bar L.30
214 Type H 2 layers on one side of steel bar 0.30

215 384-578** 1 layer on one side of steel bar 0.15
)16 384-578 2 layers, one on each side of steel bar 0.30
217 384-578 2 layers on one side of steel bar 0.30

* Unconstrained treatmnt. Thickness of each applied layer was 0.63 inch.
** Unconstrained treatment. Thickness of each applied layer was 0.58 inch.



EATMENTS AND DAMPING OF 68 x 4 x 3/4 INCH STEEL BARS AT 85*F

Nominal Average Damping Frequency Range
Weight Ratio Over Frequency Over Which Malxinn

t Application of Treatment Band of D tping was Damping
to Steel 50 - ZOO cps 5% - or Greater

Co C%Co cps Co

inch thick aluminum 0.23 6.9 50 - 1700 8.9
ad to one sile of
training pressure -

inch thick aluminum 0.23 0.7 none 1.8
ad to one side of
training pressure -

:eel bar 0.15 1.4 aone 2.9
le of stao! bar L.30 ...0 1650 - "Z50 5.5
iteel bar 0.30 4.-,, 600 - 1750 9.6

:eel bar 0.15 0.7 none 1.1
ie of steel bar 0.30 l., none Z.Z
iteel bar 0.30 1.6 4050 5.0

.ed layer was 0.63 inch.

.ed layer was 0.58 inch.
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DESCRIPTION OF DAMPING TREATMENTS AND DAMPING OF 96 x 6 x 1-3/4 INC]

Nowminal1
Treatment Damping Weight Ratio

No. Material Mode of Treatment Application of Treatment
to Steel

198 1/4 inch Constrained felt and 1-1/4 inch thick 0.25
chromated aluminum constraining layer applied to one
felt side of steel bar. Initial constraining

pressure - 40 psi

204 Type H* 1 layer on one side of steel bar 0.065
205 Type H 2 layers on one side of steel bar 0.13
206 Type H 3 layers on one side of steel bar 0.19
207 Type H 4 layers on one aide of steel bar C.16

208 384 - 578** 1 layer on one side of steel bar 0.065
209 384 - 578 2 layers on one side of steel bar 0.13
210 384 - 578 3 layers on one side of steel bar 0.19
211 384 - 578 4 layers on one side of steel bar C.-6

* Unconstrained treatment. Thickness of each applied layer was 0.63 inch.
** Unconstrained treatment. Thickness of each applied layer was 0.58 inch.
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7TS AND DAMPING OF 96 x 6 x 1-3/4 INCH STEEL MRS AT 85"F

lomimal Average Damping Frequency Range
Weight Ratio Over Frequency Over Which Maximu

plication of Treatment Band of Dping wa__ Daping
to Steel 50 - O0 cps 5% f or Greater.

Co cps 0

1/4 inch thick 0.25 4.7 50 - 550 8.9
iyer applied to one
:ial constraining

iteel bar 0.065 0.8 none 2.5
Steel bar 0.13 1.8 none 3.9

steel bar 0.19 Z.5 700 - 1000 7.5

steel bar 0.2.6 3.3 400 - 850 10.4

iteel bar 0.065 0.3 none 0.9

steel bar 0.13 0.6 none 1.4

steel bar 0.19 1.0 none 2.7

steel bar 0.-16 1.8 none 3.3

.ed layer was 0.63 inch.

.ad layer was 0.58 inch.
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RECIPES FOR UNCONSTRAINED DAMPING TR EAMN0TS

Type H Conyound Coauound 384-578

Paracril 18-80 100 Galva M-7-VIOOR (modified
Atomite 100 polyvinyl acetate) 100
HiSil 233 10 Graphite, No. 2 Flake 120
Thermoguard H 15 Aroclor 1248 100
Pelletex 2 Thermoguard H 5
Protox 166 5 IK (lubricating agent) 1
Stearic acid 2
Chlorowax 70 50
Neozona D 1
Thionex 0.5
Dypho. 2
Sulfur 2

CURE: 10 minutes at 320F
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EFFECT OF TE PWRTUiZ ON DANPING OF 3/4 INCH THICK STEEL LARS BY A TREATMENT
UTILIZING CHBRMUTID FELT AND BY A TREATMENT UTILIZING NONTRIATED FELT

Average Damping Over the Frequency
Band of 50 - 000 cps

% 9 Frequency Range OverCo Which Damping of

Treatment 200 was
Temperature Treatment 200* Treatment 218* 5 re ater0w

OF Cons trained Constrained cps

Chromated Felt Sontreated Felt

35 1.6 1.0 none
55 3.0 0.9 1400 - 1750
74 6.5 0.7 50 -1250
85 6.9 0.7 50 - 1650
95 3.7 0.6 50 - 150
107 3.1 0.7 50
120 1.9 0.8 none

I
* Initial constraining pressure was 40 psi.

SDmping by Treatment 208 was below 5% Co at all temperatures and frequencies

surveyed, except for a sharp peak at 35*F which occurred at a frequency of

2419 cps. Daping in this instance was 7.9% .

I
.5



TJ :t

4----- 7- ~

-T .11

... .... ------- -

N t

Oh..11 - mIT'7

z A

10 11i- -- -H
Ow mv



. I

.~~~ ~ .±1:... ..

+ :z.' j 7I
T rt bi

4_7-

7



I.,I
_ Of

I .~~: iii - tT77

. . . . . . ......

r~~ I~l

1 8



g DISTRIBUTION LIST

General Dynmics Corporation CMOtAVSHIYD NYK
Electric Boat Division (aterial Laboratory, Code 948)
(Sound & Vibration Section,

Mr. R. Collier) CGONAVSHIPYD NORVA (Code 240)
Groton, Connecticut
Via: Supervisor of Shipbuilding, USN COIMVSHIPYD PTSMH (Mr. L. Hackles)

and Naval Inspector of OrdnanceI Groton, Connecticut C0WNAVSHIPYD PUGET (Code Z40)

Monsanto Research Corporation CCMJAVSHYYI SFRAN (Code 240)
Boston Laboratories
Everett 49, Massachusetts
(Mr. G. L. Ball)

Bolt, Beranek & Nasvan
Cambridge, Massachusetts
(Dr. D. Ross)

Geiger & Hamm
P. 0. Box 512
Ann Arbor, Michigan

ASTIA (10 copies)

BUSHIPS (Code 335)(3 copies)

BUSIIPS (Code 345) (3 copies)

I BUSHIPS (Code 525)

1BUSHIPS (Code 633)

M'WB (Mr. A. Sykes)

NEL (Mr. G. Coleman)

NAVINGRXSTA (Mr. D. Goodrich)

I
I

5

I



Nm ts lami Nawel Shipyard, Rubber Zebberstoy.. Rapot 9h-37 ofI 23 Suzb 1962
nuwon MIwI YU&Uin Mi UK @@tMOi SWZ
FROUU RUNW NO. U1, by J. 050w
hvuoo.t No. 1-1013-13-01, t"a so. 908. Most. no. 100-I ~Saig treebasats top thdek plat"s of wibmals, OO.MeLStla
of a esastuoLmd ehrnted felt amd a eeetvl'si a Iis of
alA,. .*XbI a *Am* a, mping maxium at 75* - 50P. ft"sSbowLev is Osa to the materials whief an Iaserpae s the
shomed felt, rather the. to the felt purow.

Onomotralmod 6WLng tramet at from a rAtAl. rubber
wv1eeanuet. and froem modUifid poylyl asetato were huMW to
be interior to gmtrained Oewomto felt for Sel" steel
bans of 3/& Look and 1314 Look thLoknos.

1Mare Island Naval ahtlmad. Iubbor Labratory, hoeot 94-37 of
13 Marsh 1962
YmNM S~ vDUwI in&I MR - 0ontRMfIO BUR=,1 ~ ~ ~ P W33iiiN. us. by J. 0mwr
Prejeet se. 1-V13-342,1 Task see 90, lusnt. So. 100-

MemLag trefis' fore thisk plates of submrLss emalstlag
of a Sostalmi ebu. Med felt adi a GonmtuOIL" layer ofIal=uui, e~lbLt a shar 400JAW OL~sin at 750 - 8509. Min
bbshevfw Is &wr to the antavals Odsh an Isseu9.wst.4 Ia the
~eimate4 felt, Mfhes them to the felt prope.I b~mteiddamping treatments meo tifrom a mtri3. rubber
valssilste eMd from modified V*Uv~l1 &"tab* won0 fe= to
beointerior to esinstwed shrunted felt for ft"Ln steel1 bawn of 3/A Sah SM 2-./4 las thleisea.

1 AI NW urn -M M0MXI M M
UW n.11, W J.Oser,

PioJOst Na. &-M43.41. Tak No. 90, 1ost. No.1061
MNe treatmnts for Woik plat"s of submurlss * esalstlag

of a ommtamd ehesested felt SMd a ofistrIaiwif lower of
alSminv sibIt a ao dm"1ng maimm s 750 -850P. ThisI behavior Is des to the materials wsh o SM Insewpovwsted La the
oiueumatd falt, ather thea to the felt proero.

10 Uastraimd isepLag tretatt aes from a altrtle rubberj vuowLslte aid from modified pelyviaji soetate were feaM to
be Lafeaiea to oeaatralaed oivoted felt for 4d1IM steel
bers of 3/4 lash SM 1-iA Lash theowss.


