


THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200.20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE, 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED, 



• • r^»ir«-»vr^ -  .: 

i 

f 

Final Report 

Engineering Report Ho. 9 

DESIGN STUDI FOR CONTROL OF WAVE RESONANCES IN 
RESILIENT MOUNTINGS 

Contract N7onr-32904 
Project HB-264-OO3 

"Resilient Mountings for Reciprocating and 
Rotating Machinery" 

Sponsored by 

Department of the Navy 
Office of Naval Research 

Mechanical Engineering Department 
Vibration Laboratories 

Illinois Institute of Technology 
3300 Federal Street 
Chicago 16, Illinois 

Dated: 25 May 1954 Copy No,     8 

 w....-iii»»«»;«-.»«ta~«u«t«i..v.« ZDB*li&£i2* *mi...±.*:-m* 
•  • v 

 i  



: *,—*—^S5 - --- f . !WAit.M _.".,- : 

TABLE OP CONTENTS 

Page 

ACKNOWLEDGEMENT     IT 

LIST OF FIGURES      • 

SECTION 

I.  INTRODUCTION      1 

Background 
Scope 

II.  PROCEDURE      1 

Experimental Mountings 
Laboratory Testa 

III.  DISCUSSION OF TEST RESULTS      5 

Soft Steel Coil Molded in Rubber Element 
Various Materials Introduced Concentideally 

Through the Longitudinal Axis of the Robber 
Element 

IV.      CONCLUSIONS  18 

BIBLIOGRAPHY      20 

DISTRIBUTION LIST .  .   .   .    .   ,  21 
•if 

••4 

I 

iii 

wmm m 
'.•t*:.i;fci«   - »• - >^   ' ...w 

i 



•"mrTr" ~i ^WEIWHH'  .^'•SHWSS^fSll/HIMtr. 

ACKNOWLEDGEMENT 

The study "Design Study for Control of Wave Resonances lu Resilient 

Mountings" was aade possible through sponsorship by the Department of the 

Mary, Undersea Warfare Branch, Office of Naval Research. 

This research program *aa performed under the direction of the 

undersigned with the assistance of Messrs. 0. E. Curth and R. A. Einweck. 

Respectfully submitted; 

6?tZ*cGr 
Professor Chester A. Arents 
Project Director 

IT 

WMW •—in—«iiimiiinit> i im 



mm»mms*ss"jM • J:M**itW?Z I •iwWv-- 

LIST OF FIGURES 

Figure 

1. Experimental Resilient Mounting   

2. Metal Elements of Experimental Resilient ^bantings 

3. Decibel Change vs. Frequency Curves—Natural 
Solid Rubber Element 4-1/8 in. Long   . 

4« Decibel Change vs„ Frequency Curves—Natural 
Solid Rubber Element 5-1/2 in. Long  

5. Decibel Change vs. Frequency Curves—Natural 
Rubber Element 4-1/8 in. Long with Solid and 
Voided Coil   

6. Decibel Change vs. Frequency Curves—Natural 
Rubber Element 4-1/8 in. Long with Hollow 
Element, Water-filled and Air-filled   

7. Decibel Change vs. Frequency Curves—Natural 
Rubber Element 4-1/8 in. Long, Hollow Element 
Filled with Mercury and Steel Rod  

Page 

3 

4 

11 

12 

14 

15 

16 

—Myw 



«**»*» 

I. DTTROIXJCTIOS 

Background 

Tranamissibility testa of rssillent mountings have shown the exis- 

tence of wave resonances (1, 2). Also, it has been shown by actual 

field tests that these ware resonances cause the resilient mounting to 

lose nart of its efficiency or increase its tranamissibility in the 

high frequency range and pass sound vibrations into the water through 

the hull of a submarine (3)* Since the d*-diatanee, the shortest metal- 

to-matal distance measured through the rubber resilient element of a 

momntl ng, affects the frequencies where the wave resonances occur (l, 2), 

credence has been given to the idea that the wave.resonances in a resili- 

ent mounting can be shifted to higher frequencies as the d*-diatance is 

decreased. Trananissibility tests previously performed give rise to 

this opinion. 

Scope 

This a£nd> was developed to Hbaiantiate the supposition that a 

short d*-distar\ce will shift the wave resonance frequencies to a higher 

value; or that the d*-distano« can be such as to reduce the possibility 

of enemy detection to a minimm in the lew frequency range. Cylindrical 

resilient mountings were designed and constructed and their transmissi- 

bllity characteristics were obtained by laboratory tests, alterations 

were made in the mounting to see how it might affect the d*-distance in 

raising the frequency of the first wave resonance and its harmonies. 

II. PROCEDURE 

Experimental Mountings: 

Five experimental cylindrical resilient mountings were designed and 

constructed using natural rubber and molded to the end pieces as shown 

a. 
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in Fig. 1. It will be noted that the end pieces provide for attachment 

of accelerometers. 

Mounting No. 1. with a natural rubber element 4-1/8" long, is a plain 

cylindrical unit witn a 35 Durometer hardness (Shore "A"). 

However, the unit was completed and tested in 1952 but the 

hardness was measured approximately two years hence when 

the data was analyzed and a transmissibjlity curve plotted. 

It is qul'*'« possible that it had hardened during this long 

period and the hardness was less at the time of test. 

Mounting So. 2, with a natural rubber element 5-1/2" long, is a plain 

cylindrical unit with a 35 Durometer hardness (Shore "AN)<> 

It was tested and its data analyzed the same as fie. 1 

above. 

Mounting Ho. 3. with a rubber element 4-1/8" long, is a plain cylindrical 

unit with a 33 Durometer hardness (Shore "A"). This unit 

was molded and tested during April and May 1954. 

Mounting Ho. 4 has the same dimensions and hardness as Ho. 3 above but 

the rubber element was altered. It had a soft steel coil 

molded into the rubber element and fastened to driven end, 

see Fig. 2. Thus one end of the steel coil was fastened 

to the drlvsn end piece while the opposite end of the 

spring was allowed to remain free in the rubber and extend 

within 1/4" of the other end piece. 

Mounting He, 5 was the same as No. 3 above except a 3/8" diameter hole 

was made lengthwise through the center of the rubber 

element. A threaded plug was fitted into the driven end 

piece in order to fill the hole in the resilient element 

with a liquid or a sclid. The purpose of this construction 
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was to permit the use of a liquid or a solid haying a 

different Telocity of sound than the rubber in order to 

determine this Affect upon the nave resonances within 

the rubber element „ In addition, a test was run with a 

3/8" diameter solid steel rod in the hole. The rod ex- 

tended within 1/4" of the weight or load end of the 

mounting. The rod was threaded into the driven end 

piece. 

Laboratory Tests, 

Transmisslbillty tests were made for each mounting. The improved 

testing apparatus described in Engineering Report No. 8 (4) was used to 

test mountings 3, 4 and 5. The general procedure for conducting the 

transmisslbillty test was previously outlined in Engineering Report No. 

3 (1). Transmisslbillty curves were plotted of decibel change vs. 

forcing frequency. 

III. DISCUSSION OF TEST RESULTS 

These data are presented to show that wave resonances in a resilient 

mounting can be controlled by Tarying the dimensions of the resilient 

element and to discuss possible ways of increasing the frequency of the 

first wave resonance and its harmonics. Thus it is believed that mount- 

ings for reciprocating and rotating machinery can be made to eliminate 

detrimental wave resonances from the important low frequency ship detec- 

tion range (3). Previous transmisslbillty studies (l) have shown that 

at the higher forcing frequencies the wave length of the vibrations 

propagated in a resilient element were of the same order of magnitude 

as the element itself and wave resonances occurred in the mounting 

material. These resonances tend to decrease the possible sound 
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attenuation through the mounting and, in effect, increase the transmission 

cf sound at the** wave resonant frequencies (3). 

Tables I, II, and III give data on experimental, cylindrical rubber 

mountings. Tables I and III are for mountings with the s^me dimensions 

but with a slight variation in the composition of the resilient element. 

Since hardness tests ware not made on mounting No. 1 at the tims cf the 

test, no definite conclusions can be made regarding hardness. The 35 

Durometer hardness reported was taken approximately 24 months after the 

transmissibility tests. It is believed that the rubber was considerably 

softer at the time of the transmissibility tests. Table III includes 

data where the resilient element had been altered to include another 

material in an attempt to raise the frequency of the first wave reson- 

ance. Tables I and II are for mountings of different length—composition 

and other dimensions remaining the same. 

Comparing the data in Table I with that in Table II for equal loads 

on the mountings, it is seen that the first wave resonance of the 5-1/2" 

long mounting is lower in frequency than for the 4-1/8" long mounting. 

In fact this frequency is approximately inversely proportional to the 

length of the resilient element. This comes from the formula that 

f = 75- where f is the frequency of the first wave resonance in cycles 

per second, v is the velocity of sound in the resilient element (in./ 

sec), and L is the length of the resilient element in inches. Also, 

it will be noted that these mountings were tested for different loads 

and it can be seen from the transmissibility curves, Figs. 3 and 4, 

that the transmissibility increases rith a decrease in load on the 

mounting. Therefore, a rubber type resilient mounting should not be 

under-leaded for best sound attenuation. The transmissibility tests 
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V. 

Table I.    Ware Resonance Data on Mounting Ho. 1 - 4-1/8" Batumi 
Rubber Element, 1-3/8" Diameter. (35 Durometer Hardness, 
Shore nAfi, Taken 2 Tears After Test) 

Ware Resonance So. 

Test A Frequency, epe. 

Load 1.39 lb.      Frequency Ratio 

12 3 4 

242   455     630     750 

1     1.88   2.60   3.10 

Sound Velocity, fps.    166   156     144     129 

Ware Resonance No, 

Tesv 5 Frequency, cpa„ 

Load 2.55 lb.     Frequency Ratio 

12 3 4 5 6 

242   455     650     ?88     940     1020 

1     1.88   2.66   3.26   3.88   4.2 

Sound Velocity, fps.   lib   156     149     136     129     117 

Ware Resonance Ho. 

Test C Frequency, cps. 

Load 4*78 lb.      Frequency Ratio 

12 3 4 5 

235   450     645     790 

1     1.91   2.74   3.36 

Sound Velocity, fps. 163 155  148  136 

•^fSfm^fggfgsipffmmim''^ 
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Table II. Ware Resonance Data on Mounting No. 2 - 5-1/2" Natural 
Rubber Element, 1-3/8" Diameter. (35 Durometer Hardness, 
Snore "A", Taken 2 Years After Test) 

Test A 

Load 1.39 lb. 

Test B 

Load 2.55 lb. 

Test C 

Load 4.78 lb. 

Wave Resonance No. 

Frequency, eps 

Frequency Ratio 

Sound Velocity, fps. 

12   3   4 

172 353 503 633 

1  2.05 2.92 3.71 

157 162 154 146 

Wave Resonance No. 

Frequency, cpe 

Frequency Ratio 

Sound Velocity, fps. 

12 3   4   5 6 

184 362 503 650 76O 858 

1  1.93 2.74 3.53 4-13 4.66 

169 166 154 149 140 132 

Wave Resonance No* 

Frequency, cps 

Frequency Ratio 

Sound Velocity, fps. 

12 3 4 5    6 

180 356 500 640 748 858 

1  1.96 2.78 3.55 4.15 4.77 

165 163 153 14? 137 132 

?• 
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Table IIIo Wave Resoivince Data on Mountings with a 4-1/8" Natural 
Rubb'ir Element, 1-3/8" Diameter and 33 Duroaeter Hard- 
ness, Shore "A* 

Test A 

Load 1.39 lb. 

Solid 

Ware Resonance No. 12 

Frequency, cpa. 220   415 

Frequency Ratio 1     1.89 

Sound Velocity, fps. 151   143 

Test B 

Load 1.39 lb. 

With Coil 

Wave Resonance No. 12 3 4 

Frequency, cps 272   540 730 960 

Frequency Ratio 1     1.97 2.68 3.53 

Sound Velocity, fps. 187   186 168 165 

'l'6o "u   C 

Load 1.39 lb. 

Wave Resonance No.    12 

Frequency, cps      223 415 

Frequency Ratio      1  1.86 
Air in Hole 

Sound Velocity, fps.  154 143 

E* Test D 

Load 1.39 lb. 

Wave Resonance No.    12 3 4   5   6 

Frequency, cps 225 430 640 833 1020 

Frequency Ratio      1  1.91 2.84 3.70 4.54 

Sound Velocity, fps. 155 148 147 143 141 
HgO in Hole 

Wave Resonance No.    12   3   4   5 

Frequency, cps       227 *30  620  783  1020 
Test £ 

Load 1.39 lb. 
\ Frequency Ratio      1  1.90 2.73 3.54 4.50 

Hg in Hole 
Sound Velocity, fpi*.  156 148  144  135  141 

••^•w •    j gm— -"»' nS«'tTrS!!:-''-il-l! 
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Table III. (Continued) 

Test F 

Load 1.39 lb. 

Steel Rod 
in Hole 

Wave Resonance No. 

Frequency, cpe 

Frequency Ratio 

Sound Velocity, fpe< 

12 3 4 

270 470 650 830 

1  1.74 2.41 3o08 

186 156 149 143 

• ;• 
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using experimental mountings with resilient elements 4-1/8" and 5-1/2" 

long showed that the first wave resonance and itc? harmonics could be 

shifted to a higher frequency range by decreasing the rubber resilient 

path between the metal driven element of the mounting and th« fixed metal 

fixture of the mounting which is usod to fasten it solidly to a founda- 

tion. The fact that the harmonics of t^e first wave resonance are less 

than multiples of the resonant frequency, Tables I, XI. and III, indi- 

cates a deviation in the findings of theory as developed by Guth, et.al. 

(5, 6). This may be due to the influence of the metal elements of the 

mounting or of the compound used. 

Since the shortest distance of the rubber resilient path between 

the driven metal element and the fixed metal element, was known to 

determine the frequency of the first wave resonance, it was thought 

feasible to try to shorten this path to a smaller value by inserting 

another material in the rubber element. Table IU-B, C, D. E, and F 
E 

| and FigSo 5, 6 and 7 show the results of this study. Each alteration 

in the resilient element will be discussed separately as follows: 

Soft Steel Coil Molded in Rubber Element; It was hoped that this al- 
1 

teratlon in the rubber element would raise the first wave resonance 

to a higher value. Examination of the uata, Table III-B, and the 

transmissibility curves, Fig. 5, show about a 10 cps rise in the natural 

frequency and an increase in the frequency of tne first wave resonance 

from 220 cps to 272 cps. It appears that the main contribution of the 

soft steel coil was to stiffen the rubber element and perhaps raise 

the velocity of sound through the element, thus slightly increasing 

the first wave resonant frequency. 

Various Materials Introduced Concentrically Through the longitudinal 

Axis of the Rubber Elements A study was made where a 3/3"  hole was 

8 
•"l*1*—HMJW*'*"  :     ' ' " ' VJ
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17 i 
molded concentrically through the longitudinal axis of the rubber element. 

Various materials were introduced into this cavity and transmissibility 

tests were made. The cavity was completely Tilled with water, mercury and 

partially filled with a 3/8" steel rod which extended from one end piece 

to 1/4" of the opposite end piece. 

Table III-C gives data for the mounting with an empty cavity or air- 

filled cavity. Tables IU-D and E give data for the cavity filled with 

water and mexcury, respectively. Fig. 5, 6, and 7 show the transmissi- 

bility curves. Comparing the data of Table III-C with that of III-A no 

change was made in the frequency of the wave resonances...this result 

was expected. Also, it will be seen that filling the cavity with water 

or mercury had little or no effect in changing the first were resonance 

and its harmonics. 

Looking at Figs. 5 and 7 one can see that introducing the steel rod 

into the cavity gave about the same result for the first wave resonant 

frequency as molding z soft steel ceil in the rubber element. However, 

the second, third and fourth wave resonant frequencies were about the 

same as the unaltered mounting—see Table III-A and F...only the fre- 

quency was slightly increased. During the transmissibility tests, it 

was found that the natural resonant frequency of the mounting with the 

rod was a function of the driven amplitude. A study was made where 

readings were taken using two values of input acceleration, approxi- 

mately 0.5 g and 1.0 g. These curves are shewn in Fig. 7. It will be 

noted that the dampening was Introduced by friction between the rod 

and the rubber element as indicated by a transmissibility value less 

tnan that for either the solid rubber unit (Fig. 5) or the mounting 

with the soft steel coil (Fig. ;). 

•em 
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Time did eot permit the molding of many rubber, cylindrical mountings 

with varying degrees of hardness. However, it is believed that with all 

elements of the mounting being equal in dimension and shape, the harder 

rubbers will give a higher frequency value for the first wave resonance 

and its harmonics than the softer rubbers. 

IV. CONCLUSIOKS 

Experimental tests on resilient mountings to date at Illinois 

Institute of Technology have shown that: 

A. The frequency of first wave resonance and its harmonies can be 

increased by designing a rubber type resilient mounting where 

the driven metal element is brought closer to the fixed metal 

element of the mounting and thus shorten the rubber path from 

one metal element to the other..5the shorter the distance the 

higher the frequency of the first wave resonance. 

B. Devices may be molded into the rubber element that tend to 

stiffen it and thus increase the frequency of the first wave 

resonance. Although tests on resilient mountings with rubber 

of various hardness have not been made, credence is given to 

the proposition that as the hardness of the rubber is in- 

creased one will obtain an increase in the frequency of the 

first wave resonance. 

C. Introducing a column of liquid from the driven eleaent to the 

fixed element through the rubber element was a failure insofar 

as increasing the frequency of the wave resonances in the 

resilient mountings tested. 

D. Tests introduced in this report ehcss that the transmissibility 

at the wave resonance will increase if a rubber type resilient 

-. WLt>.'',"'V— 
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mounting is lightly loaded. This givas poor aoan i attenuation 

through the mounting at these frequencies. 
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