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Executive Summary: For some years SACLANTCEN has conducted 
environmental studies utilizing a low-frequency sound source. Operating at 
frequencies around 400 Hz and %O Hz, a comprehensive data base has been built up 
which has been used by scientists at SACLANTCEN and national research centres to 
refine theoretical treatments of low frequency sound transmission, to validate work 
on forward and back scattering, and to investigate geological factors giving rise to 
discrete reflectors in an attempt to assess the potential of low frequency active sonar 
adjuncts. Though these studies have been extremely successful, by 1993 it was 
clear that the scope of the work was being currailed by limitations of the sound 
source. The acoustic power was too low for wide area reverberation research, the 
inability to transmit more than a single frequency at any one time and the limited 
transmit bandwidth were severely hampering several studies. The wide transmit 
beam width was also not well matched to the environment or the potential 
operational user, particularly in shallow water. 

Simultaneously, though quite independeiitly, in 1993 the US Office of Naval 
Research was examining the practicalities,: of developing a new source f a  low- 
frequency research. The US authorities invoh were confident that a suitable source 
could be constructed but they lacked a &h vessel with suitable s h i p h e  
winching capability and the cost of purchasing or building such a capability was so 
great that it could have endangered the whole programme. In May 1993. 
SACLANTCEN was -he. by worlrers from the Naval Udawater WarEare 
Center, New London Detachment, to explore ithe possibility of joint research and to 
identify the technological difficulties inherent! in such a proposal. 

In what has t u r d  out to be a classical example of modem collaborative research 
where neither could afford the total cost involvq but each had provision to build part 
of the system, the source construction talents of NUWC were brought together with 
the sea-going experimental and ocean engineering expertise of SACLANTCEN to 
produce an equipment suite which would be used for future scientific m a r c h  on 
board the NRV Alliance. 

This report describes the development of the source, the Towed Vertically Directive 
Source (TVDS). together with the shiphandling deployment scheme adopted. It also 
outlines some of the lessons learned. This extensive programme was completed on 
time and the full suite of equipment was put to sea on NRV Alliance in July 1994 
for the first engineering trial. The trial had been planned precisely for that period of 
time some two years earlier, a remarkable achievement by all cmcemed. The report 
is intended as an overview; technical details are available on request 

' Naval Undersea Warfare Center 
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Abstract: This report is the text of a paper presented at Undersea Defence 
Technology, Cannes, 1995 (UDT 95). It outlines the development of the Towed 
Vertically Directive Source (TVDS) and the associated ship-handling and winching 
scheme adopted. This was an extensive programme of cooperative development 
between SACLANTCEN and the Naval Undersea WarEve Center, New London 
Detachment sponsored by the Office of Naval Research. It was completed on time 
and the full suite of equipment was put to sea on NRV Alliance in July 1994 for the 
first engineering trial. 
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Introduction 

In the early 1980's, SACLANT Undersea Research Centre developed a low-frequency 
sound source capable of being towed at speeds up to 10 kn. The source body and the 
ship winching equipment were designed and constructed by the engineering and 
workshop staff of SACLANTCEN. The compact design of the source and the winch 
equipment allowed them to be moved in their entirety to the Centre's research vessel 
Alliance when it was commissioned in 1988, (Fig. 1). By 1993, it was realized that 
research work was being curtailed by limitations in the acoustic characteristics but the 
cost of an alternative source was unlikely to be affordable by the Centre in the 
foreseeable future. 

Simultaneously, though quite independently, in 1993 the Naval Undersea Warfare 
Centre, Detachment New London under the sponsorship of the US Navy, was 
examining the practicalities of developing a new wide band source for low-frequency 
research. The US authorities involved were confident that a suitable source could be 
constructed but they lacked a research vessel with suitable handling capability and the 
cost of purchasing or building such equipment was so great that it could have 
endangered the whole programme. In May 1993, SACLANTCEN was approached by 
workers from NUWC to explore the possibility of joint research and to identify the 
technological difficulties inherent in such a proposal. 

In what has turned out to be a classical example of modem cooperative research 
where neither could afford the total cost involved but each had the knowledge and 
expertise to build part of the system efficiently, the source construction talents of 
NUWC were brought together with the sea-going experimental and ocean engineering 
expertise of SACLANTCEN to produce an equipment suite which would be used for 
future scientific research. 

This report will first describe the original source and the shipborne handling System, 
the forerunners of the new Towed Vertically Directive Source V S ) ;  then TVm 
itself will be described. This was an extensive, complex programme which wap 
completed on time. The full suite of equipment was put to sea on NRV Alliance in 
July 1994 for the first engineering trial, a trial which had k e n  planned precisely for 
that period of time some two years earlier. 
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Source 
The original SACLANTCEN source consisted of two low-frequency transducers 
operating at a resonant frequency of 390 Hz and producing an acoustic power output 
level of 212 dB re l p a  at 1 m. A second independent pair of transducers operated at 
a resonant frequency of 960 Hz produced 210 dB re 1 p PA at 1 m. Both transducer 
pairs had 3 dB down bandwidths of 100 Hz; however it was not possible to transmit 
simultaneously at both frequencies due to hardware constraints. 

The underwater tow body is of aluminium with a torpedo -like shape. The transducer 
pairs are housed in a pivoting arm. As the body falls from the cradle, gravity causes 
the arm to rotate to the vertical, its tow position underwater. There is no locking 
mechanism; the arm is free to move when towed, (Fig. 2). 

The technique for recovering the body into its cradle was not automated; catching the 
body in the cradle was done manually and it was to the great credit of the operators 
that successful retrievals were achieved in sea-state 7 though this was regarded as the 
upper limit for safety to both equipment and personnel. Once 'hooked' the body was 
pulled up into the cradle using the tow cable, the arm swung back into the body, and 
the 1000 kg of weight was rotated back through 180' by the winch pinion gear into 
its rest position. This arrangement of retrieval and storage was extremely economical 
in terms of space and very safe after retrieval as there was no equipment outboard of 
the ship during transit or in bad weather, (Fig. 3). 

By 1992, it was clear that the source characteristics were limiting its usefulness. Its 
relatively low acoustic power output, the limited transducer bandwidth and the lack of 
simultaneous low-and high-frequency transmission were restrictive in some studies 
and its large vertical beam width was not well matched to the environment, (Fig. 4). In 
1993 cooperation talks began with the US. 

At the outset it was clear that for any body likely to produce marked performance 
improvements there would be an increase in size and weight compared to the existing 
body. Careful consideration had to be given to this point because the space on board 
NRV Alliance could not be increased substantially for any new equipment. Even if 
the size of a new body could be managed, any substantial increase in weight might 
eliminate the use of the Alliance winch and handling system and resources at 
SACLANTCEN precluded the purchase of a completely new on-board system. A finite 
element study of the cradle body and an examination of the associated winch 
hydraulics showed that changes could be made which would allow for a maximum 
body weight of 4500 kg. 

For programme reasons the first engineering trial had to take place in August 1994. 
RV Alliance was committed to an experiment in May of that year which involved the 
use of the handling equipment, and therefore only two months were available for the 
mechanical alterations to the ship and installation of new wiring necessary to carry the 
400 ampere at 440 volts, necessary to drive the upgraded source. 
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Display 

It was anticipated that data display on-board NRV Alliance would not be a problem 
area. A new sonar information display suite had been proposed in 1993 and the 
equipment was scheduled to be delivered in early 1994. The suite was to be based on 
a nrouv of A l ~ h a  workstations known as the 'Alpha Farm', which could be 
implemknted toaindependently process information received from more than one 
transmitted freauencv and disdav this information on a set of indewndent monitors 
in real time, (kig. 5 ) .  As c6mmercially available equipment w& being used, the 
approach was low risk; the only concern was that it had not been done before and 
little was known of the architectural procedures required to ensure data throughput at 
the comct rate. A feature of this equipment was the inclusion of a geographical 
mapping facility developed at SACLANTCEN on a separate Macintosh system. This 
addition would allow the real-time presentation of own ship position and sonar 
information directly into a Geographical Information System (GIs). This allowed the 
acoustic returns to be related to geophysical features. This schedule was ambitious but 
fortunately it was successful and the display suite and associated softwm were taken 
to sea complete and working by mid April 1994. 
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Receiver 
A difficulty did exist with the towed receiving array if it was intended to operate at 
frequencies substantially above 1500 Hz. The available SACLANTCEN towed array 
had 256 elements nested in three apertures of 128 channels at spacings of 2.0, 1.0 and 
of 0.5 m, (Fig. 6). This combination corresponds to an upper frequency of operation 
of 1500 Hz. With the planned new source, the upper frequencies would exceed this 
value and a new receiving array would have to be employed. The cumnt array could 
not be modified for a higher frequency of operation and it became clear that the 
requirement could only be fulfilled by constructing and towing a second array. From 
materials available at SACLANTCEN, it would be possible to construct a 32-element 
array with an internal element spacing of 0.18 m. This would be the first time that 
three systems would be towed simultaneously from NRV Alliance. 

The principle concern was that the equipment components would be geographically 
separate during production and modification. Alterations to the ship's winching and 
handling equipment would be camed out in La Spezia while the body was to be 
made in the USA. There could be no provision for checking the design with the 
equipment before the handling gear and the body were brought together for the first 
time at the start of the engineering trial. 

The system is a complex one, with many contributing agencies (Fig. 7), but it was 
decided to proceed and to impose on the programme a completion date of August 
1994 - 20 months from the first planning meeting. This time scale was met and in 
August 1994 the ship changes had been completed and the winch and handling cradle 
were ready to accept the new source, the Towed Vertically Directive Source (TVDS), 
(Fig. 8). 
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5 
Towed Vertically Directive Source - n/DS 

The Towed Vertically Directive Source was designed as a scientific tool to examine 
problems associated with sound propagation and reverberation in shallow and deep 
water. The aim was to produce a wide-band high-power acoustic source capable of 
being towed from NRV Alliance. 

The use of open architecture hardware in conjunction with commercially available 
items reduces the complexity of upgrades and costs. Two requirements for the source 
were that the design should allow the equipment to be used for the scientific 
investigation of areas by tailoring the available pulse types to the experimental needs 
over more than one frequency of operation and that the stringent weight constraints 
imposed by the method of deployment should be met, even if this necessitated using 
newly developed lightweight transducers and composite materials as yet not fully tried 
at sea. 

It was decided that the frequency requirements would be best met by using two 
separate sets of transducers, one operating at k i  resonant frequency of 600 Hz and a 
second separate set with a resonant operatirtg frequency of 3000 Hz. To have 
sufficient acoustic power output and maintaifi narrow vertical beam width at low 
frequencies, a stack of five transducers was nec ary. Two transducers were in fixed 
positions above and inside the body while 6 remaining three transducers were 
located inside the lower arm. This arm operated a similar swing arm design as the 
previous source. The resulting vertical beam Width of this grouping of transducers 
was 160 steerable between +450 and -450 in 50 increments. The maximum transmit 
acoustic power at resonance is 230 dB with a q d w i d t h  of 200 Hz at the -3 dB down 
points. However with these transducers it is possible to operate at frequencies from 
200 Hz to 2000 Hz. 

At the higher frequency, the transducers would be located in the fixed tail section. At 
the higher frequency, two transducer staves are used, producing an acoustic power 
output of 226 dB at a resonant frequency of 3000 Hz with 800 Hz of bandwidth at 
the -3 dB down points. The vertical beam width is 20° but there is no steering. The 
source is designed to have a maximum operating depth of 200 m and a tow speed of 
up to 16 kn. 
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Seneca Lake Tests 
In April 1994, the near complete body was transported to the Naval Undersea 
Warfare Test facility at Seneca Lake to begin the acoustic testing. No major design 
faults were found and the LF transducers and the individual HF staves met their design 
goals. Testing continued through May when the TVDS was prepared for transporting 
to SACLANTCEN to begin the engineering trials on board NRV Alliance. 
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Tow cable 

Experience with the previous towed source had shown that cable strumming could be 
a problem and therefore care was required in the cable design both from the electrical 
and mechanical standpoints. 

TVDS has an electro-mechanical cable consisting of a 32 mm diameter electrical core 
surrounded by a double layer of torque-balanced amour resulting in an outer 
diameter of 40 mm. The electrical core has a total power capacity of 260 kVA which 
powers the five low-frequency (600 Hz) transducer, the two mid-frequency, 3000 Hz 
staves, the engineering sensors (pitch, roll, depth) and a reference hydrophone. The 
power loss in the 300 m of tow cable is 5 kw, (Fig. 9). 

The breaking strength of the cable with its armour is 40 t while the smallest bending 
diameter is 90 cm. A short section of the cable was put through a series of tests 
including cyclic bending. The cyclic bending consisted of 5000 cycles before a 
failure occurred. 

It was considered necessary to have some form of fairing on the cable to reduce 
strumming to a minimum. The overall rolled volume of the cable however could not 
be increased substantially because the winch drum size was fixed and this fact 
eliminated several forms of fairing usually used on tow cables. The cable 
manufacturer De Regt eventually suggested a ribbon fairing and this was adopted. 
This hairy ribbon fairing is braided on to the cable as the last step of the 
manufacturing process. It proved to be a fairly inexpensive means of apparently 
eliminating cable strum with only a slight increase in drag observable. The 300 m of 
tow cable was sufficient to meet all the depth requirements for this initial experimental 
system. 
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Engineering tests 
The body was slightly heavy at 4300 kg; however this was within the tolerance of the 
handling equipment and it made an excellent fit with the cradle. There were five main 
aims for the engineering tests: 

1) To conduct static trim measurement. 

2) To determine the optimum deployment and recovery scenario. 

3) To study the tow body dynamics at a range of towing speeds. 

4) To compile curves of cable scope and depth achieved for a range of towing speeds. 

5) To perform full power acoustic testing. 

8.1. STATIC TRIM 
The static trim test was conducted and after removal of some buoyancy foam in the 
tail, the nose-down towing angle was measured to be 2". This was considered 
acceptable based on a fiO guideline determined from earlier model tests. 

8.2. DEPLOYMENT AND RECOVERY 
Many deployment/recovery scenarios were examined during the trial and of these, the 
most successful (later taken to be the standard operating procedure) was to deploy at a 
ship speed of 3 kn. To recover the body, it was found that it should be brought to the 
sea surface at a ship speed of 5 kn; the ship should then cut power to both propellers 
and when the ship's forward momentum was reduced in speed to 2.5 kn, the tow body 
should be hauled into the chute. This process eliminated propeller turbulence at the 
surface and allowed for a smoother recovery. The procedure, similar to that used for 
the previous source, is illustrated in (Fig. 10). 

8.3. TOW BODY D YNA MlCS 
In general, at the towing speeds of interest (4-16 kn), the tow body behaved in a very 
stable manner. Measurements were made with both active flap-control and fixed flap 
positions. With the flaps fixed in the horizontal position, it became apparent that the 
tow body exhibited a slight port bias. This bias was eliminated by setting the flaps for 
a roll to starboard. The final result was that at low tow speeds (4 kn) the body rolled to 
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starboard (5"). at 8 kn, roll was zero, and at 10 kn, roll was 8" to port. The body pitch 
remained steady throughout being between 0-3" for all conditions. Given the 
attraction of reducing weight and considering that the tow body was stable for all 
towing speeds of interest, the active flap control electronics pod was removed. 

8.4. DEPTH/ SPEEDKABLE SCOPE CURVES 
Curves were obtained during the trial for a range of tow speeds. At 5 kn towing 
speed, the tow speed for many experiments, a towing depth of 100 m was achieved at 
full cable scope. 

8.5, ACOUSTIC TESTING 
Acoustic testing concentrated on establishing safe drive levels at various signal 
bandwidths. The parameters to consider were maximum VA of amplifier, maximum 
ceramic volts, and maximum drive current to the cableltuning and transducer 
assembly. Derived source level corrections over the bandwidths measured for both LF 
and MF transducers are presented (Fig. 11). 

Elaborate control software ensures that on transmit, the system cannot be damaged 
inadvertently by over-driving with a rogue signal. The transmit controller utilized a 
depth gauge on the body to accurately regulate the level fed to the transducers and 
thereby ensure that the correct power was delivered as a function of depth, only 
allowing maximum drive current and voltage when the body is at a depth in excess of 
the non-cavitation depth of 65 m. In addition to the control network the transmit 
signal characteristics are fed to the SACLANTCEN processor for automatic replica 
generation. It is also possible to feed this transmit signal to any other processor. 
Either all or part of the transmit signal can be processed in this way; the limit is on the 
processor not the transmitter, provided that the duty cycle is adhered to correctly. 
The transmit controller is shown (Fig. 12). 
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S WA C (Shallow Water Active Classification) 
experiments 

The first sea trial with the complete suite of equipment took place in October 1994 
and a second trial followed in June 1995. These trials were very successful 
particularly in relating reverberation features to the geophysical map of the area. The 
first experiment related the retums to the geographic features and sediment type by 
transfemng the returns from the sonar displays to the GIs display. Here retums that 
could not easily be related to bathymetry were explained in some instances when the 
sediment type was overlaid, (Fig. 13). In the second trial the bathymetric data is 
overlaid directly on to the real-time sonar display where some of the reverberation 
returns and features are instantly recognizable, (Fig. 14). 
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Summary 
In summary this project has been an excellent example of international cooperation. 
Using a combination of commercially available and specialized hardware, an imposed 
time scale of 2 years and the demanding requirements of the low frequency active 
acoustic research programme has been met. 
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Figure 1 SACLANTCEN Research vessel NRVALLIANCE 

Figure 2 Schematic of the salient features for the SACLANTCEN pivot 
arm arrangement in the low frequency towed sound source. 
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Figure 3 Retrieval procedure for towed body 

SOUND SOURCE 

Weight = 1000 kg (air), 300 kg (water) 

Vertical dipole: LF transducer spacing = 1.9 m. 
HF transducer spacing = 0.7 m. 

Fundamental design frequencies = 400,900 Hz 

Max source levels= 212 dB re 1pPa at 1 m 8 400 Hz 
209 dB re 1pPa at 1 m 8 960 Hz 

Vertical directivity= +I- 60" 

Handling - max tow speed = 10 kn 
max tow depth = 100 m. 

Figure 4 SACLANTCEN rowed sound source general characteristics. 
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Figure 5 SACLANTCEN new sonar display suite including the Geographical Information System 
(CIS) - this complete system was used for the jirst time at sea in April 1994. 

Compass 
Pressure gauge 

Compass 
Pressure gauge 

Tow Cable 1500 m vm HSDl ; "'MS TAIL 
r 

50m 50m 50m 36m 64.5m 64.5m 64.5m 64,5m 64.5m 5Om 20m 

256 Hyd. x 6 KHz x 16 bit = 24.576 Kbits/s 

Acoustic Length = 
Number of hydrophones = 128 spaced at 0.5, 1 or 2 m 
Fundamental design frequencies = 1500, 750, 375 Hz 
Max Tow Speed = 10 Knots 
Max Tow Depth = 1000 Knots 
HSDL = High Speed Data Link 
VlMS = Vibration Isolation Module 

Figure 6 SACLANTCEN towed receiving array showing the nested configuration HSDL = High 
Speed Data Link. VMS = Vibration Isolation Modules 
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l CWlmWL VAN pawe, 

m C  INSTAUMENTS-J 

STD IS0 container house electronic hardware 
Self contained, bolt on winch 

Figure 7 Impression of source und receiver towing conjiguration on RVAlliance showing the 
principle contributors. 

3 kHz APERTURE 

SOURCE LEVEL 
= 226 dB 1 

(5) 600 Hz TRANSDUCERS 

SOUAGE LEVEL 
= 230d3 

'TRANSMIT BANDWIDTH' 
= 800 Hz 

VERTICAL BEAMWIDTH 
= 20° J 

-3 dB BANDWIDTH 

FEATURES : 
LIGHTWEIGHT COMPOSITE 
CONSTRUCTION 
2-1 6 kt VARIABLE TOW SPEED 
18-1 85 rn VARIABLE TOW bEPTH 
FREE PIVOTING STRUT 
PANEL CONSTRUCTION FOR 
EASE OF MAINTENANCE 
RECEIVE CAPABILITY 
OPERATIONAL LIFE OF 5 YRS. 

AIR WEIGHT = 8900 IbS 
WATER WEIGHT = 2500 Ibs 

, ALL COMPOSITE CONSTRUCTION 

Figure 8 NUWC Towed Vertical Directive Source (TVDS) with swing arm fully extended. 
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CFIAR.4CTERISTICS 

Length: 300 rn 
Bending Diameter: 0.9 ni 
250 kVA total power 
5 k\v loss in cable 

1 Bending test: 5000 cycles 
Breaking Strength: 40 torines 

Figure 9 TVDS tow cuhle design showing the rihhon,fuiring. 

Figure 10 TVDS retrirvul sequrnce on NRVAlliunce. 
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Bandwidth for LF and MF transducer arrays 

Figure 11 So~irce level as afi~nction oj'transmit signal bandwidth derivedfrom transducer drive 
eve1 (voltage and current) measurements. 

ENGINEERING 
SfNsOR 
MONKOR 

PITCH 
ROLL DEPTH 
STRUT ANGLE 

1 
SIGNAL GENERATOR 8 BEAMFORMER 

MAX DRIVE AT TOW DEPTH (PRE-PROGRAMMED) 
TRANSIT SIMULTANEOUSLY 600 Hz AND 3 kHz WAVEFORMS 

Figure I2 TVDS transmit controller console. 
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Figure 13 GIS bathymetric map showing geological features (oblique brown lines) together with 
sonar reverberation data (oblique green and brown lines) obtained on$rst two SWAC experiments 

Figure 14 Recent development showing bathymetric map overluid dierectly on to the real time 
single ping sonar data processed and displayed in a geographical format 
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