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INTRODUCTION

j L ~ /
Bureau of Ships Contract NObsr-89245 (FBM) as modified includes

the construction and test of 1500 Hz and 750 Hz transducer models and the
design of a low frequency transducer to meet the requirements of specifi-

L ‘
~ cations established in No. 689A-0399 “Design Objectives for High Power =

— 
Low Frequency Transducers”.

This report covers the work done on 1500 Hz and 750 Hz transducer

models to establish the design necessary to meet the specified objectives.

Tests on small 6000 Hz free flooded magnetostrictive scroll trans-

- ducers, with no pressure release material, indicated electro-acoustic

efficiencies greater than 50 percent could be achieved with performance
independent of depth.

The advantages are: -
~~~~~

1. The scroll type transducer is simple in construction. Each \
scroll is a strip of nickel wound to form a laminated ring

• of the desired sizes and bonded together with an epoxy
adhesive.

Ii 2. When proper tooling has been set up 1 scrolls can be re-
produc ed at low cost , dimensions are easily controlled,
and repeatability is assured.

3. The scrolls are mechanically rugged and cannot be damaged
by over driving. El ectrical breakd own is limited only by
the insulation on the wire.
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Section 1

DESIGN OBJECTIVES

The design objectives are:

1. Frequency

1. 1500 Hz models
750 Hz models

[ 2. Bandwidth

Optimum

1500 Hz model 1285-1715 Hz
750 Hz model 643-857 Hz

ii Minimum

1500 Hz model 1370-1630 Hz
750 Hz model 685-815 Hz

3. Acoustic Power Output

Optimum

- - 
1500 Hz model 2. 19 kw
750 Hz 8.75 kw

Required

[] 1500 Hz model 1.56 kw
750 Hz model 6. 25 kw

4. Depth not limited.

5. Directivity Index 0 to 3 db

[1 6. Efficiency

[I Optimum 80 percent
Minimum required 50 percent

7. Physical Structure

A base plate must be provided to prevent the transducer from
sinking in a muddy bottom. The overall size and weight should

9 be the minimum practicable.

-3- &J•~~ .Li 
_ _ _ _ _ _ _ _ _ _

I
• - 4 hI

• — •__ __,• -•.--.—‘-•—--~-———--—- — —• —•- — • •- •~~~ ••-~ ••_~••]~ —-•——-. g.aS.s~ 
- -



r ’

L~

Section 2

E X P E RI M E N T A L  D E V E L O P M E N T

- - All scrolls used in these experiments wer~ mad e of cobalt nickel
strip bonded with an epoxy adhesive.

Dimensions are shown in Figure 1. The scroll height is the width
of the nickel strip. The scroll thickness is determined by the strip thick-
ness and the number of turns.

1.
DOSS 1-8 1500 Hz MODEL ASSEMBLIES

H Eight scrolls were assembled in variou s combinations of two to
eight scrolls to determine the effect of stack height, mounting, spacing

• between scrolls, wall thickness and wire to establish the design data
necessary to meet the specification requirements.

• Scroll dimensions are:

Scroll mean diameter: 26. 64 inches
Scroll height: 0. 90 inch
Scroll thickness: 0. 50 inch

The scroll material is: 0. 010 inch thick 204 nickel strip

H Figure 2 shows a typical assembly and test fixture.

I DOSS 1-8 TESTS

Effect of Mounting

Two scrolls, with a 1/8 inch thick and 1/2 inch wide neoprene strip
• I cemented to each edge, were stacked and a loose winding of 200 turns of

No. 14 stranded polyethylene insulated wire was installed. The polarizing =
1’ current was 10 ampere. dc.

~r = 1670 Hz = 4. 3 Efficiency: 7. 5 percent
• [1 (See Appendix 2 for symbol definition.)
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The neoprene strip was removed from the scroll edges and the two 4

scrolls were separated by six equally spaced neoprene blocks 1/8 inch thick,
1/2 inch wide, and 1 inch high. The winding was supported from the scrolls
by fiberglas r ings spaced 1 inch from the scroll edges by six neopr ene blocks
1 inch thick, 1/2 inch wide and 1 inch long .

= 1890 Hz 
~ mw = 24 Efficiency = 17 percent

(Figure 3 is the impedance in water with and without the neoprene on
the scroll edges.

(Figure 4 is the transmitting response with and without the neoprene
on the scroll edges.)

Effect of Scroll Stacking
I .

Stacks of two, three, four and eight scrolls were assembled with -~~ -

six equally spac ed 1/8 inch thick, 1/ 2 inch wide and 1 inch high neoprene
blocks between scrolls. A 200 turn winding was supported by fiberglas

rings spac ed 1 inch from the scroll edges by six neoprene blocks 1 inch
thick, 1/ 2 inch wide and 1 inch high. The polarizing current was 10 amperes
dc. (Figure 5 is the impedance of the assemblies, Figure 6 the transmitting
respons e, Figur e 7 a typical azimuth pattern , and Figure 8 a typical vertical

• pattern. )

Number f Hz T R~2 Q Eff .
of Scrolls r mw

2 1890 81.0 46 16. 5 17%
3 1780 85. 2 55 21 31%
4 1730 87. 0 56 16. 5 46%
8 1610 87.2 45 7 .2  60%

Effect of Scroll Spacing

Four scrolls were assembled with six equally spaced 1/8 inch thick,
1/2 inch wide and 1 inch long neoprene blocks between the scrolls. A 200

El
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turn winding was supported by fiberglas rings spaced 1 inch from the scroll

L edges by six neoprene blocks 1 inch thick, 1/2 inch wide and 1 inch long.
An identical assembly was mounted with a space of 3-1/2 inches scroll edge
to scroll edge. The winding. were connected in series . The polarizi ng
current was 10 amperes dc.

• f = 1730 Hz R = 70~ T = 89. 5 Q 12. 4 Eff.  = 64%r mw

U The fiberglas ring s were removed from one edge of each scroll as-
sembly and the assemblies spaced 1-1/8 inches with a single 200 turn wind-
ing common to both assemblies and support ed by fiberglas rings.

~ 
.: ~r 

= 1700 Hz R = 58~2 T = 88. 5 
~ mw = ~ 7 Eff . = 63%

- L The spacing between assemblies was reduced to 1/8 inch (all 8
scrolls spaced 1/8 inch) .

= 1610 Hz R = 45~2 T = 87. 0 
~mw 

= L 5 Eff . = 58%

• Eff ect of Scroll Thickness

1] The scroll wall thickness was reduc ed from 0. 5 inch to 0. 4 inch
by removing ten layers of nickel from the ID of the scrolls. Eight scrolls,
0. 4 inch thick, were assembled as stated above (1/8 inch spacing).

1. With 0. 5 inch wall thickness

L • . f~~= l6 lO Hz Z = 4 5 + j43 T = 8 7 . 0

~�mw = ~~ Eff . = 58%

11 2. With 0. 4 inch wall thickness

f = 1530 Hz Z = 40 + j26 T = 86. 3r

Q =8. 5 Eff. = 5 5%

(Figure 9 show. the impedance circles and Figure 10 the
transmitting respons e curves.)

[I
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• Effect of Stranded vs. Solid Wire

The eight scroll assembly discussed immediately above was rewound
with No . 14 solid copper polyethylene insulated wire.

1. With stranded wire

= 1530 Hz R = 40 T = 86.5

2 . With solid wire

1r = 1530 Hz R = 38 T = 87 .0 Ii -

High Power Tests

The eight scroll assembly discussed under 2 above was driven at high

power with and without dc polarizing.

1. With dc polarizin g

(Fi gure 11 is the transmitting response at several powe r
levels with 10 amperes dc polarizing and Figure 12 is the
transmitting response at several power levels with 15
amperes dc polarizing.)

2. Without dc polarizing

(Figure 13 is the source level from 1500 to 1800 Hz when
unpolarized and driven from 750 to 900 Hz with an input
of 5 ampe res ac, and Figure 14 is a powe r curve when
operated unpolarized. Driving frequency is 855 Hz,
output is 1710 Hz.)

SUMMARY OF RESULTS FOR THE DOSS 1-8

The physical mounting of the individual scroll s has a great influence
on the performance of the array.  When two scrolls were spaced 1/4 inch
with continuous 1/8 inch neoprene strips on the scroll edges the resonant

frequen cy was 1670 Hz, Qmw was 4 . 3 and the efficiency was 7 . 5 percent.
When the neoprene strips were  removed and the scrolls spaced 1/8 inch by
small neoprene pad s the resonant frequency was 1890 Hz , 

~ mw was 24 and
the efficiency was 17 percent.

il
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When the number of scrolls in an assembly is increased the resonant

fr equency and Qmw decreases and the efficiency increases. When the sepa-
ration between scrolls is decreased the resonant frequency and 

~mw 
decreases.

There is no noticeable change in performance when using stranded or
solid wire.

Efficiences of 50 percent or greater can be achieved when operating
either with polarizing current or operatin g unpolarized as a frequency doubler.
When operating unpolarized, efficient operation is achieved only at high

power levels.

The lowes t ~ mw of 7 . 2 was achieved with the eight scr oll close spaced
assembly. More model stud y is necessa ry to dete rmin e an assembly that will

- F meet the requirements of a 
~ mw of 5 or less.

1 1
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Section 3
1 •

DOSS 2 A N D  DOSS 3 - 1500 CYCLES/SEC
T R A N D S U C E R  M O D E L S

DOSS 2 and DOSS 3 are transducer with scrolls, support structure
and base plate, to scale the planned low frequency transducer.

• DOSS 2

• ~ •. The DOSS 2 is an array of 12 scrolls mounted in three groups of four
scrolls each. (Figure 1 5 is a photo of the DOSS 2 assembly.) The scrolls

[ I  within each group are separated by six equally spaced 1/8 inch thick, 1/2

• inch wide and 1 inch long neoprene pads. Each group is wound with 493 turn s
of No. 14 Polyethylene insulated wire supported on fiberglass rings spaced

1/2 inch from the scroll edges.

The spacing between groups is 2-1/2 inches , sc roll edge to scroll

• edge. The windings are connected in series. The total active element height
is 17 inches.

Sc roll dimensions are:

Scroll diameter: 26. 3 inches

- 

Scroll height: 0 .9  inches

- Scroll thickness: 0. 22 inches

They are made of 0.0 10 inch thick 204 nickel strip.

Measurements with 5 Amperes DC Polarizing

U Figure 16 is the impedance , Figure 17 the vertical pattern at fre-

- quencies about resonance, and FIgure 18 is the source level with input cur-

u rents o f l t o 7 a mp e r e s ac.

-11-
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= 1520 Hz R = 165 ohms T = 92 . 5 d b  
~ mw = 9.1

The efficiency, with 4100 watts input was 45 percent. U

• Measurements Without DC Polarizing

Figure 19 is the source level from 1200 to 1800 Hz , when driven at
600 to 900 Hz, with an input current of 6 amperes ac.

• Figure 20 is a power curve with measurements taken at the frequency 9
of maximum output . The driving frequencies are 1 /2 the output frequencies.

• f = 1520 Hz T = 90. 6 db Q = 8 Eff. = 45 percentr mw H

DOSS 3

The DOSS 3 is an array of six scrolls mounted in three groups of two
scrolls each. The two scrolls within each group are separated by six equally
spaced 1/8 inch thick by 1 inch wide neoprene pads.

The electrical winding is suppor ted by fiberglass rings spaced 1/2
inch from the scroll edge . The spacin g between group s is 2-1/2 inches scroll
edge to edge.

Each of the three groups is wound with 486 tu rn s of No. 14 polyethylene
insulation wire and the win d ings series connected.

Th e total act ive element height is 16 inches.

Scroll dimensions:

Scroll diameter: 26. 3 inches
Scroll height: 1.8 inches
Scroll thickness: 0. 42 inches H

Material: 204 nickel strip 0.010 thick. (Figure 21 is the DOSS 3
assembly with mounting base.)

0
.12- 11
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The polarizing current was 5 amperes dc

I = 1580 Hz T = 93.8 Q = 5.5

(Figu:e 22 is the source level 1200 to 2000 Hz with 5 amperes dc
• ~~~ polarizing and inputs of 1, 2, 4 and 5 amperes ac.)

(Figure 23 is the source level when driven unpolarized with 6 amperes
ac input, and Figure 24 is a power curve with the source level measured at
the frequency of maximum sound pressure for each input current when driven

• unpolarized.) --

The scroll thickness was reduced from 0.42 inch to 0. 32 inch. Vertical
and azimuth patterns and transmitting response were measured without mount-

I-- ing base and with the mounting base spaced 6- 1/2 inches and 10-1/2 inches
U from the transducer end.

There was no significant change with or without mounting base.

f = 1500 Hz T = 92 .5  R = 150~2 Q = 5.2 Eff . = 60 percentr mw

(Figure 25 is the vertical pattern at resonance and at approximately
-3 db.)

U The azimuth pattern s are circular at these frequencies.

- (Figure 26 is the vertical pattern at 2610 Hz , Figure 27 is the im-
pedance in water with 5 amperes dc polarizing, Figure 28 is the source level
1200 to 2000 Hz , Figure 29 is the transmitting response from 1000 to 10,000

u Hz as measured off the side, Figure 30 is the transmitting response from
1000 to 10, 000 Hz as measured of the end , and Figure 31 is the source level
measured at the frequency of maximum sound pressure for each input cur -

- 

rent when driven unpolarized .)

[j The transducer was assembled with the spacing between pairs of
scrolls reduced from 2-1/2 inches to 5/8 inches and a single winding of 465

9 turns , common to all scrolls , supported on fiberglass rings at each end of
the transducer.

9 The total active element height was 12 inches.

~: ~~ _
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The polarizing current was S amperes dc. 
-

= 1360 Hz R = 98 T = 90. 5 
~ mw = 4 Eff. = 60 percent

(Figure 32 is the impedance in water , Figure 33 is the response 1000
to 3000 Hz , Figure 34 is the source level 1000 to 2000 Hz with inputs of 1, 2,
4 and 5 amperes ac, Figure 35 is the source level measured at the frequency
of maximum wound pressure for each input current when driven unpolarized. ) -•

SUMMARY OF RESULTS FOR THE DOSS 3

There is no measureable change in perfo rman ce with the base plate
mounted. Response measurements over a broad frequency range (1 to 10 kc)
indicate several transducer cavity resonances. These cavity re sonances I
effect the response and patterns as shown by Figures 26, 29 and 30, and make -
the transducer perfo rmance unpredictable at frequencies above about 2500
cycles/sec. ‘I

The ver t ical patterns are symmetrical at fr equencies near resonance , •- -
,

as shown in Figure 25. 1
The azimuth pattern s are circular at these frequencies. The 12 inch i

high, close spaced array with 0. 32 inch wall thickness meets the desi gn ob-
jec tives of Qmw less than 5, efficiency g reater than 50 per cent and power
output greater than 1. 56 KW.

Ii
0
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Section 4

Li 
_ _ _ _ _ _ _ _ _ _ _DOSS 4. 1 - 7 5 0  C Y C L E/ S E C  M O D E L

The DOSS 4 . 1 transducer was scaled directly from the DOSS 3 close
spaced six scroll array.

- Six scrolls were mounted in groups of two scrolls each. The scrolls
. in each group were separated by three equally spaced neoprene pads 3/16

inch thick, 9/ 16 inch wide and 1 inch long. The pairs of scrolls are spaced
- U 7/8 inch by three equally spaced support arms with neoprene pads on the con-

-~~ tacting surfaces.

The winding was 800 turns of No. I6AWG , polyethylene insulated,
copper wire . The winding was common to all scrolls and supported at the
top and bottom by fiberglass rings. The total active element height was
21 -3/4 inches and the active element weight was approximately 530 pounds.

Scro lls dimension s:

Mean diameter 47. 5 inches
Height 3. 25 inches
Thickness 0. 57 inch

Material: 0. 017 inch thick 204 nickel strip.

(Figures 36 and 37 show the complete transducer mounted for tests.)

DOSS 4. 1 TESTS

Figure 38 is the impedance in water with 3. 75, 5. 0 and 7. 5 amperes
dc polarizing (10 to 20 oersted , and Figure 39 is low level transmitting re-
sponse when polarized at 20 oersted) .

[] 1r = 750 Hz T = 96. 5 db R = 340 ohms = 4 . 6 Eff. = 68 %

: 1 
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The 800 turn winding was divided in half and the two halves connected 
-

in parallel , to reduce the voltage on the winding during high power
measurements.

(Figure 40 is the impedance in air with the 400 turn winding and 20
oe r sted polarizing, and Figure 41 is the impedance in water measured by
filtering the voltage and current and measuring the phase angle .)

The structure used for the DOSS 4 . 1 shown on Bendix assembly draw-
ing 3153248 includes carbon steel weldment segments bolted together to sup- 

{
port each pair of paired laminated nickel scrolls. The bolted segments fo rm
three structural columns which are terminated at each end by shock mount
joints. The design intent of these joint s is to simulate pin joints so that the
columns shall not impose “fixed ended beam ”, bending moments on the re-
mainder of the structural weld s during period s when the transducer is subject L
to high driving forces. An additional function of the shock mounts is to pre-
vent a shorted turn which would soak up energy of the magnetic field.

The shock mounts at top and bottom are restrained by structural steel - -

members welded into trian gles. The lower triangle is fastened to a base
plate with large surface area so that the ground pressure is low as might be
necessary when placing the transducer on a soft uiud bottom. I

The end segments of each column have an extension arm with a lug
which engages the triangular end frames. The function of the lugs is to pre-
vent rotation of the columns with resulting shear stresses on the neoprene
which cushions the scrolls from the support arms of the welded segments. j

Figure 42 is the transmitting current response from 500 to 1000 Hz with
15 amperes. -

= 750 cycles/sec T = 90. 1 db R = 85 ohms = 5 Elf. = 62%

The maximum source level was 113. 6 d b  at 750 Hz with 15 amperes ac -

Input current. Output is approximately 22 watts/pounds of active material.

[j
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- L
(Figure 43 is a power curve at 750 Hz , Figure 44 is vertical patterns

at resonance and at frequencies of approximate -3 db points , Figure 45 ii an
H 

azimuth pattern at 750 Hz, Figure 46 Is an azimuth pattern at 1468 Hz,
Figure 47 is the high power impedance when driven unpolarized — measure-

U ments were made by filtering the voltage and current wave form and meas-
uring the phase angle, Figure 48 is a power curve , when the transducer is
operated without polarizing, and Figure 49 is the transmitting response when
operating unpolarized with input currents of 2 to 15 amperes ac.)

DOSS 4 .1 RESULTS

The DOSS 4. 1 transducer scaled from the DOSS 3 close spaced array
perfo rmed as expected and met all the desi gn requirements. This verifies

1. the feasibility of building models to establish the design and scaling lower

I 
frequency transducers from the model with predictable performance.

Li
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Section 5

D E S I Q N  OF T H E  L O W  F R E Q U E N C Y  T R A N S D U C E R

- - Based on the result s of the program previously described , dimensions

for the design of the full sized transducer have been established and is illus-
• - • trated on Bendix Drawing 3162100.

Some variation s in the structure have been incorporated to improve
- - transverse structural stiffness necessary for a transducer weighing in the

order of live tons. These variation s includ e inc reasing the number of struc-
tural support column s from three to six and the addition of three diagonal
struts.

1 The anticipated weight and cable tension loads of the electrical winding
also has resulted in a revision to the desi gn of winding support ring..

Cos t of a scaled up fiber glass ring to support the cable loads would be

• ver y substantial. On the models , the rings were integral layed up rings with

- 
solid cr oss-sections. This was necessary to obtain an adequate section
modulus to reac t the bending loads. Their cost was high relative to other
components needed to build the transducer . Therefore , for the low frequency

• [ I transducer , a segmented , bolted together ring has been proposed. Each seg-
ment is isolated elect r icall y from the remainder of the ring to eliminate
shorted ring effects.

The proposed scroll dimensions are scaled from the DOSS 4 . 1 and
• I DOSS 3 to achieve the frequency requirements of specification 689A-0399.

Because of the classified nature of the referenced document the scroll dimen-

Li sion s, which in conjunction with this report would yield the frequency of the
transducer, are classified. This classified draw ing is Bendix Drawing
3162088.

Ii
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Figure 1. Scroll Dimensions
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• Figure 2. DOSS 1-8 Transducer on Test Fixture {
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