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~~~~~~~~~~~~i’Thi. technical nemorandun presents the dasping and vibration

obaraterietias, neasured in air , of a 185-inch Variable—Int.rual-.Truas—
Sisea-and$pacing (YITSS) steel sonar done structure, without window.
Results are co~ ,ared with a standard 185—inch (~I554/SQS steel sonar
done structure, without a window. rTh. asscur. nts war, aonduct.d
between Nay 1964 and October

When reference is ned. to a VITSS”~~a. structure or to a standard
type don. structure in this .snerandu*, it is to be understood that each
is a don, structure without an attached acoustic window.

DESCRIPTION OF THE VITSS IX*1E StRUCTURE
(Y~) One of the objective s in designing and bailding the VITS5 wes to

d.teraine whether or not the use of stiffener . of various iii.. and with 7.
variable spacings would reduce the vibration and resulting internally. fradiated sound level, of the sonar do... The struct ur e wee intsnded to
reduce self-noise. The first It.p we. to hav. th. yIT$3 struo~~~..on.
structed without a window, to allow pr.ctiø&1 oo~~.ri.on with a standard
window—less QJ554/SQS done structure.

Figures 1, 2 and 3 are phetagr apha of the YITSS do.. struetors.
tigur. 1 ii an ov•rsll viev; 71gw. 2 i sa  view locking into the aft
end; and Figure 3 ii a view looking at the bottos frans just forwerd of
th. baffle p1st.. Figure 4 ii a phetograph of the (~1554/S~~ done struc.
tar..
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In the design of the VITSS dose, a particular integer from 0 to 9
was assigned to both a rod .i.. and a spacing distance. By following
consecutivel y th. readout of variable numbers out of a tab ].., the oos-
secutive rod su es and spacings were obtaine d. Circular rods were used
for the outer chor d. of each tru ss, and vertical plates 1/4-inch thick
by 1 -inch wide , were used as webs.

Another objective , although sentioned, sey not be covered oo~~lete3.y
in the experiments discussed in thi s technical memorand um. This Objec-
tive is to discover whether or not variable rod cisc. and spacing will
reduce or eliminate echoes induced by ensonification of the stiffening
rods. Tb. bar. can be involved in three ways: (1) excitation of the
bare into vibration , (2) grating effect , and (3) specular reflections
from the scattering of the sound wave. from rigid stiffening rods. Nor.
detailed discussions are presented in references (a) , (b) , and (c) .

DESCRIPTION OF EXPERIM~ 1TS

The doses were suspended from two hoists by nylon ropes to provide
vibration isolation of the domes.

The method used in the dssping studies i. discussed in detail in
references (d) , (e) , (f) , and (g) . The instn~~ntation was calibrated
using methods discussed in reference (e) .

Vibration measurement techniques used are discussed in detail in
; reference (d) . Accelerations measured were converted to acceleration

decibels ( see reference (h)) .

adB = Log10 (,~/a0) (1)

where adB = acceleration decibels

a = accelera tion in oa./s.c.2

a0 = io~ oa./s.c, 2 (reference acceleration )

Vibration and vibration damping aeaaur~~~nts were de on the doss _____

structures at four different locations . Counting aft from the vertical .
~~~~~~~~

rod at the forward end of the dome, and down from the flange of the doss
for the bortsontsl rods, looation 1 is on th• 16th v rtical rod and the
1st horisontal rod; location 2 i. on the 18th vertical rod and the 8th
horisontal rod ; and location 3 is at the 8th vertical rod and the 4th
horisontal rod. Location 4 is on the flange above the 14th verti cal
rod .
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PR~~IMINAR! RESULTS

Vibration damping measurements were perf ormed at locations I and 2
of the VITSS dome stru cture and of th. standard dams struct ur e. For the
VITSS dose structure and at locations 1 and 2, Figures 5 and 6 present ,
respectively, the decay rat . vs. 1/3 octave bend center frequsnoy;
figure s 7 and 8 present the percent of critical damping vs. 1/3 octave
band center frequency. For the standard do.. struoturi and at lopatioss
1 and 2, Figures 9 and 10 pi’es.nt , respect ively, th. decay rat vs. 1/3
octave band center frequency; Fi gur es 11 and and 12 present the percent
of critical ~~aping vs. 1/3 octave bsnd center frequency. On completion
of the analysis of the data taken, it was noted that th. damping charac-
teristics of the VITSS dome structure were inferior to thos. of the stan..
dard 185-inch CW554/S~5 dose structure; that i., the vibrations i”luo.d
by impact on the VITSS dom. structure did not decay as fast as those of
the standard dome structure when it was excited by impact. Testing of
the dome was halted after this comparison was d. because of the unex-
pected results. Table I shows the xiw~ and .i”~~~ damping charao—

• teristics of the two dose structures.

TA~~E I
H, VITSS Structure ~ 1554/8~~~8truatur.

Location Pig. %C/Co Prequency %C/Co Frequsncy Fig. SC/Co Pxeqsassy IC/Cs Pr’.qusnc~
_________ 

(Kin) (kM.) (Max) (kM.) Mo. (Kin) (his) (Max) (bu s)

6 .0020 16.0 .0700 0.2 10 .030 1.25~~.4O .185 4.0

2 7 .0025 16.0 .0435 0.5 11 .033 1.25 .365 3 2

YITTS MANUFACTURE CORRECTIONS

An inspection of the dome was de for possible defects in the
manufacture of the VITSS doss structure. Although not a design defect ,
it was found that several of the longitudinal trusses in the botto, of
the dam, had not been welded to the transverse trusses. Thus, the ends
of the rods of the longitudtnsl trusses vex, being excited into free
vibrations when the dose was excited. Other bottom truss parts were
also found to be not welded. It was apparent that the ends of the rods
shin .xoit.d, vibrated as cantilevers, while th. intermediate sections
of the rods vibrated as fixed-fixed beams. These free ends and other
smislded parts on the bottom tram, of the dos, were welded, elIs4~~ting
the ft. . end, and asking the rods fixed—fixed beams. Tb. lengths of
the other fixed-fixed sections wer, shortened by welding the later-
sections of the rods together, increasing the natural freqasnoy of all

on the length of itoh
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After the ends and intermediate points had been welded, the damping
experiments were repeated , with considerable improvement. Vibration -.

• damping experiments were then conducted at four locations and vibration
experiments at three locati ons.

RESULTS

Figures 13 through 16 present the decay rate vs. 1/3 octave band• center frequency for locations 1 , 2, 3, and 4, respectively, of the VITSS
structure ; Figures 17 through 20 present the percent of critical damping
vs. 1/3 octave band center frequency for locations 1, 2, 3 and 4, respio-
tively. Figures 21 through 23 present the acceleration level vs. 1/3
octave bend center frequency when the dome is excited with a constant
force .

• Figure s 24 through 27 present the decay rate vs. 1/3 octave band
• center frequency for locations 1 , 2, 3 and 4, respectively, of the stan-

dard dome structure ; Figures 28 through 31 present the percent of ctittcal
damping vs. 1/3 octave band center freq uency for locations 1 , 2, 3 end 4,
respective ly. Figures 32 through 34 present the acceleration level vs.
1/3 octave bend center frequency when the dome was excited with constant
force .

Figures 35 and 36 present a compari son of the decay rate vs. 1/3
• octave band center freq uency for locations 1 and 2, respectively, on the

• VITSS structur, before and after the bottom frame trussvork was welded;
Figures 37 and 38 present the percent of critica l damping vs. 1/3 octave
band center frequency for locations 1 and 2, respective ly.

Table 2 presents a comparison of the maxima and si~i- ’. damping
before and after the truss voids were completed.

• TABLE 2

VITSS Structure (Welded ) VITSS Structure (Ummided)

Looatiox Fig %C/c frequency %C/c F2’equsno~ Fig %C/c Frequenc~ %C/c !requenoy
No. )1in) (kM.) (Max) (ku .) No. (Kin) (hi(s) (Max~ ________

1 16 .02 2 .92 .1 6 .002 16 .07 .2

2 17 .01 3.2 .395 5 7 .0025 16 0435 .5
— _ _ __ _

4
I



r ~~~~~~~~ ~~~?fl,r - 
~~ r -~~~ ~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_______ • • • • . • • . • • . • - • - • •  • .• - - - • •  - •-•- • —

4

• USL T.oh M~~~• No. 2133- 1213-66

It is noted that the ch~nge in damping is azob greater at some frequencies
than meny other freq uencies. Althoug h the damping characteristi cs of the
completely welded doss ar. superior in almost every case, they are best
at frequ encies between 3.2 his aM 8 kM. for both locations 1 and 2.
(See Figures 6, 7, 16 and 17.)

Figures 39 through 42 are comparisons of decay rate vs. 1/3 octave
• bsnd center frequency for locations 1, 2, 3 and 4, respectively, between

the VITSS don. structure and the st*v4~Vd CW554/SQ$ dose structure.
• Figures 43 through 46 are comparisons of percent of critical damping vs.

• 1/3 octave band center frequency for locatio ns 1, 2, 3, respeotively,
• between the VITSS and th. standard Q1554/SQS do., structures.

Table 3 presents a comparison of damping between the VITSS end the
• standard at frequencies wher, the YITSS is superior to the ste~dsvd.

Care should be taken in reoognt.ing the location at which the *sure-
sents were de.

TABLE 3
VIISS ~I55bI~~s• Struc ture Strue t*we

Locotinn Fii~ure to . Frequency %C/Cc %C/Co
_____________ _______________ 

(kn~) 
______________ ________________

1 1~2 .100 .9200 .1350
1 142 5.000 .2350 .0650
1 1~2 6.14oo .1900 .0300

4 1 ii? 10.000 .0900 • .0700
H 2 143 .100 .3125 .0975

2 1.3 .125 .1375 .0725
2 143 .160 .1025 .0825

• 2 I~3 5.000 3920 • .1025
2 l.~ 6.1.00 .1375 .01.75
3 1.1k 400 .2100 .0825

.1 3 Us .125 .2525 .0830
3 his .6140 .0500 .01.60• 3 Us 6.1400 .0575 ,0140
3 1.1. 8.000 .058° .014140
3 • his 10.000 .0750 .0375
3 Us 12.500 .1175 .0730
3 1*14 16.000 .1200 .cl.6o
Is 1*5 .100 8.0000

• Is • 1.5 .125 5.7500 • .6000
• • 1. hiS .6140 3.0000 2.6500
• 1. 1*5 1.250 2.1000 1.55001. 145 1.600 1.2500 .82001. 1*5 2.000 1.3600 1.150014 145 I~.000 1.0500 .1*600II 1*5 5.000 1.1600 .5500

1* 145 6.1400 1.1200 .8coo1. 1.5 8.noo .6500 • 3500
• 5
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• Table 4 presents a comparison of damping between the VITS8 and
• standard at frequencies where the staiidard is superior to the VITSS.

TABlE 14
• I - —  VITSS C955I./$(~

• 
• Str ucture Structure 

—

• Location Figure )la. 
— 

Frequency %C/Cc %C/CC
_ _ _ _ _  

(kEz) • 

_ _ _ _ _  —

•

1 1.2 .200 .05(X) .1100
1 1.2 

• 

.250 ’ .0500 .3100
1 1.2 .~~0 .05(X) .0750• 1 1*2 .1.00 .01.00 .0900• 1 1.2 .500 .0350 .0700H • 1 1.2 .61*0 .0300 .0700• 1 1.2 .800 .0300 .0700• 1 1.2 1.000 .0300 .0700
1 1.2 1.250 .0300 .0350
1 1.2 1.600 .0300 .0500
1 1s2 2,000 .0250 .0700
1 1.2 2,500 .0700 .0900
1 1.2 3,200 .0700 .0,00

H 1 1s2 L000 • .1300 .18001 1.2 8.ooo .0300 .05001 1.2 • 12.500 .0300 .07001 1.2 lê.000 .0300 .1100
2 1.3 .200 .0500 .09202 1.3 .250 .01.00 .11*702 1s~ .320 .01.50 .1230• 2 1.3 .IjOO .01.00 .0670
2 143 .500 .0370 .0680
2 • 1.3 .61.0 .0320 .07202 1.3 .800 .0300 .0620• 2 1.3 1,000 .0320 .01.80
2 143 1.600 .0300 .21802 1*3 2.000 .0230 .11.302 1.3 2.500 .0200 .0960
2 1.3 3.200 .0080 .33202 1.3 • 1s.000 .01.80 .231*02 !3 8,000 .0250 .01.002 1.3 30.000 •C200 .0670.
2 13 12,500 .00.70 .09202 1., 16,000 .0200 .06603 Iii. .1550 .0630 .11503 1.1. .200 .0930 .151.03 U. .250 .0630 .114804 3 1*1. .320 .0670 .0980• 3 IsIs .1.00 .01.20 .06203 Us .500 .0350 .oSao3 hIs .800 .0300 .06703 hIs 1.000 .0230 .07303 Us 1.250 .0220 • .0680 ••3 1.1. 1.600 .0270 .o6Lo .

3 U, 3.20~ •33~0 . .0 20

6
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• 
. ?ABLE I, (Continued)

vms
Stru oturs 

_____________ _____

Location ~~cure )o. Pre ’ues’cy ‘~C/Cc IC/Cc
(kftz) 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _

Us . 14.000 
• 

.1750 .5750
3 I.). 5.000 .01.30 .0920
1. 1.5 • .160 1.2000
Is 1.5 .200 .15200 3.6500
1* 1.5 .250 ,$~1* 1.5 .320 .15200 .. 14500 .
Is 1.5 .1.00 . 500 .8200
1. 1.5 .000 1.1500 2.3500
14 laS • 1.00) 1.3300 3.6500• I. 1.5 2.500 .7500 1.0500
Is 1.5 3.200 1.1000 1.7500

• Is 1*5 30.000 .3500 .5200
H Is 145 12.500 .3500 .6000

1. 1.5 16.000 .5500 
- 

.6000 
_ _ _  

H

Table 5 presents the locations and frequencies where the VITSS had
• approxt~~te1y the same amount of damping as th. standard.

TABLE S 
_ _ _ _ _ _ _

vms• Structure Structure
Location 

•~ Figure Jo. Precu.ncy IC/Cc ~C1~~
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  

(kHs) 
• _ _ _ _ _ _ _ _

1 1.2 .125 .1100 .1100

_ _ _ _  _ _ _ _  _ _ _ _  

-

_ _ _  _ _ _ _

• 7ro. Pigtues 47, 45 and 49, it can be seen that the VITSS doss
structur, is easier to excite toss the standord doss structure at
frequencies below 1 kM.. At a few higher freq uencies, the VITSS doss
struct ure is genera11~ herder to exalt, than the standard doss struatur..

-- 
•
~~~~~~~

• -
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II
DISQISSION

• . If all frequencies are taken into account , the VITSS doss structure
appears to be slightly inferior to the standard 185-inch doss structure,
as far as vibration damping characteristics are concerned. Mowe,.r, at
certa in freque ncies (5 kM. and 6.4 kI (s), the VITSS has better (but not

• considerably better) vibration damping characteristics than the standard.
Also, at other locations on th. doss and at sose other frequencies, the
YITSS appears to be slight ly superior to the standard.

During initial measurements, this writer belinv.d that welding the
• trusses at the bottom of the structure would improve Us. damping chaz’ao-

teristios. Indeed, welded trusses did reduce the extent to which the
ends of the trusses were excited into free vibration, although damping

• ~~s not improved to any greet extent.

At certain frequencies , VITSS is slightly superior to the standard
dome structure. These frequencies are 5 kIls, 6.~ kM. and 10 kM. for
location 1; 5 ku. and 6.4 kM. for location 2; and 4 kHs , 6.4~ kM. , 8 kM. ,
12.5 kM. and 16 kIlt for location 3. The addition of more 1/4” x 1”

• plates between tru ss chords might possibly improve the damping character-
istic, to a point where the damping charact.riatiea of Us. VITS$ dose
structure night be superior to the standard type dons structure at more
frequencies. This would ask, the S!ITSS more rigid and, therefore , the

• dome, when excited, would not have Us. tendency to vibrat, to as great
an extent at the lover freque ncies.

(X)NCLUSIOMS

At the present time, there is no evidence that shows the VITSS-type
of structur. to be superior to a standard—type of dons structure.

I
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• Fig . 2 - Aft End of 185-inch VITSS Dome Structure -•
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