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1  Attorney Docket No. 79825 

TETHER RETRACTION DEVICE 

5 STATEMENT OF GOVERNMENT INTEREST 

6 The invention described herein may be manufactured and used 

7 by or for the Government of the United States of America for 

8 governmental purposes without the payment of any royalties 

9 thereon or therefor. 

10 

11 CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

12 Not applicable. 

13 

14 BACKGROUND OF THE INVENTION 

15 (1) Field of the Invention 

16 The present invention pertains to a tether retraction 

17 device which nests or holds together a plurality of individual 

18 lines in a multi-line towed array allowing for safe and reliable 

19 storage, deployment, and operation. 

20 (2) Description of the Prior Art 

21 Tow lines are used in a variety of different applications. 

22 For example, U.S. Patent No. 2,956,532 to James et al. 



1 illustrates a seaplane towing line and U.S. Patent No. 3,159,806 

2 to Piasecki illustrates a high speed tow sonar system including 

3 a paravane with a reel for letting in or letting out the tow 

4 line for a satellite carrier. 

5 U.S. Patent No. 3,298,347 to Swain et al. illustrates a 

6 submersible towing apparatus with a reversibly drivable reel. 

7 U.S. Patent No. 4,407,460 to Khudaverdian illustrates a tow rope 

8 for a water skier having a spring loaded reel. 

9 U.S. Patent No. 5,119,751 to Wood illustrates a vertical 

10 stabilizer installed towed array handling system in which a 

11 vertical stabilizer is provided with a chamber in which is 

12 rotatably mounted a reel for rotation about an athwartship axis. 

13 One of the side elements of the reel has an engageable surface 

14 adjacent its periphery.  A drive motor in the stabilizer is 

15 engaged with the engageable surface of the one side element to 

16 effect rotation of the reel.  An elongated cable is coiled about 

17 the hub of the reel and extends outwardly of a passage extending 

18 to the aft end of the stabilizer.  A mechanism inside the 

19 vertical stabilizer guides the cable between the passage and the 

20 storage space to facilitate coiling of the cable onto the reel 

21 and for deploying the cable therefrom.  A brake mechanism is 
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1 used to prevent the reel against rotation to prevent further 

2 either deploying or coiling of the cable. 

3 U.S. Patent No. 5,263,431 to Wood illustrates a combination 

4 winch and stowage reel assembly for arrays towed by submarines. 

5 The assembly comprises a hub, a slip ring mounted in the hub and 

6 in communication with a receiver in the submarine, a reel 

7 rotatably mounted on the hub, the reel having gear teeth on a 

8 periphery thereof, a tow cable fixed to the reel and adapted to 

9 have attached to a free end thereof an array to be towed behind 

10 the submarine, the tow cable being in communication with the 

11 slip ring to form a communication path including the array, the 

12 tow cable, the slip ring, and the receiver, a drive gear engaged 

13 with the reel gear teeth, and a motor for turning the drive 

14 gear, thereby to turn the reel on the hub to pay out and take up 

15 the cable. 

16 A significant problem in the design of a multi-line towed 

17 array is to provide a mechanism for reliably deploying and 

18 retrieving a system of lines while still providing a system 

19 which separates the lines during use to a pre-determined three- 

20 dimensional configuration.  Often, a multi-line array is 

21 deployed and retrieved from a stowage tube (a long tube into 

22 which the array is pulled).  Experimentation has shown that if 
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1 the lines move independently of each other during deployment and 

2 retrieval, system performance can be compromised.  The 

3 individual lines must be held together or nested to ensure 

4 proper deployment and retrieval performance.  The nesting device 

5 must operate under the following constraints: (a) allow 

6 deployment and retrieval of the multi-line array and proper 

7 operation of the system; (b) operate in a seawater environment 

8 with an operating pressure of 1000 psi and a survival pressure 

9 of 2500 psi; (c) maintain performance for a minimum of one year 

10 without maintenance in a submarine environment; (d) operate 

11 automatically with neither power nor outside intervention; (e) 

12 be compatible with packaging in a 1 inch diameter and a maximum 

13 rigid length of six inches; and (f) provide a maximal retraction 

14 force in the nested position and a minimum retraction force at 

15 the fully extended position. 

16 Currently, there are no existing apparatus or methods to 

17 nest the individual lines in a multi-line array. 

18 

19 SUMMARY OF THE INVENTION 

2 0       Accordingly, it is an object of the present invention to 

21 provide a tether retraction device which holds or nests 
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1 individual lines of a multi-line array together during 

2 deployment and retrieval. 

3 It is a further object of the present invention to provide 

4 a tether retraction device as above which requires no operator 

5 activation or intervention. 

6 It is another object of the present invention to provide a 

7 tether retraction device as above which provides maximal 

8 retraction forces in the nested position and minimal retraction 

9 forces at the fully extended position. 

10 It is yet another object of the present invention to 

11 provide a tether retraction device as above which has no impact 

12 on the performance of a towed array. 

13 The foregoing objects are attained by the tether retraction 

14 device of the present invention. 

15 In accordance with the present invention, a tether 

16 retraction device for use with a multi-line towed array is 

17 provided.  The present invention relates to a tether retraction 

18 device having particular utility with multi-line towed arrays. 

19 A system for retrieving and deploying a multi-line towed array 

20 having a plurality of array lines has at least one tether 

21 joinable between two of the plurality of array lines.  A tether 

22 retraction device is incorporated into at least one of the array 
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1 lines for retracting the tether.  The tether retraction device 

2 has a tether take-up spool, and a spring driven drive means 

3 which causes the tether to wind onto the take-up spool when the 

4 array is towed at slow speeds and allows deployment of the 

5 tether from the take-up spool when tension in the tether caused 

6 by tow forces exceeds the spring force applied by the spring 

7 driven drive means.  In further detail the invention provides 

8 that through a series of take up spools the spring driven drive 

9 provides a maximum retraction force in the retracted position 

10 and a minimum retraction force in the deployed position. 

11 Other details of the tether retraction device of the 

12 present invention, as well as other objects and advantages 

13 attendant thereto, are set forth in the following detailed 

14 description and the accompanying drawings in which like 

15 reference numerals depict like elements. 

16 

17 BRIEF DESCRIPTION OF THE DRAWINGS 

18 FIG. 1 is a schematic representation of a multi-line array 

19 configuration; 

2 0       FIG. 2 is a cut away view of a tether retraction device in 

21 accordance with the present invention; 
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1 FIG. 3 is an exploded view of the tether retraction device 

2 of FIG. 3; and 

3 FIG. 4 is a cut away view of the tether retraction device 

4 of FIG. 3. 

6 DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

7 Referring now to the drawings, FIG. 1 illustrates a towed 

8 multi-line array system 10 having a tow cable 12, array lines 

9 14, 16, and 18, and a tri-joint 20 connecting the array lines 

10 14, 16, and 18 to the tow cable 12.  The system 10 further has a 

11 main tether 22 connecting lines 14 and 16 and lower tethers 23 

12 and 24 connecting lines 14 and 18 and lines 16 and 18, 

13 respectively.  The system 10 also includes a tether retraction 

14 device 26 incorporated into at least one of the lines 14, 16, 

15 and 18, and preferably into each of the lines 14, 16, and 18. 

16 In accordance with the present invention, the tether 

17 retraction device 26 consists of a series of spools driven by a 

18 constant tension spring system.  The system of spools used in 

19 the tether retraction device 26 minimizes the required spring 

2 0 travel and changes the force output on the tether, thereby 

21 reducing the rigid length of device 26. 
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1 Referring now to FIGS. 2-4, the tether retraction device 

2 26 of the present invention has a housing 3 0 which is formed by 

3 first and second brackets 32 and 34.  The brackets 32 and 34 may 

4 be joined together in any suitable manner known in the art such 

5 as by a plurality of screws and alignment pins 3 5 as shown in 

6 FIG. 2.  As shown in FIG. 2, the bracket 34 could have a stepped 

7 interior surface with a plurality of annular grooves for 

8 receiving drive system components, while the bracket 32 may have 

9 a substantially planar interior surface with a plurality of 

10 matching annular grooves for the drive system components. 

11 A guide tube 3 6 is provided at one end of the housing 3 0 and 

12 extends through a sidewall 31 of the housing 30.  Guide tube 36 

13 may be joined to one or both of the brackets 3 2 and 34 using any 

14 suitable means known in the art.  If desired, guide tube 36 may 

15 be integrally formed or cast with one of the brackets 32 and 34. 

16 Guide tube 36 aligns tether 22 with the workings of device 26. 

17 The tether retraction device 26 includes a tether take-up 

18 spool 40.  The spool 40 sits within an interior space 41 defined 

19 by the brackets 32 and 34.  Tether take-up spool 40 is mounted 

20 to rotate about a first axis defined by a spindle 42.  The 

21 spindle 42 can be seated in the brackets 32 and 34 in any 

22 desired manner known in the art.  Tether take up spool 40 has a 
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1 tether take up portion 40' and a third tension member spool 

2 portion 40".  Tether take up portion 40' provides a location for 

3 winding tether 22 upon retraction.  Likewise, third tension 

4 member spool portion 40" provides a location for winding third 

5 tension member 62 when tether 22 is retracted. 

6 A spring driving force is applied to the spool 40 via a 

7 spring drive system.  The spring drive system includes a 

8 constant tension spring 44, a spring take-up spool 46, a first 

9 gearing spool 48, and a second gearing spool 50.  The constant 

10 tension spring 44 is positioned on a spring stowage spool 52 

11 which is mounted on a spindle 54 for rotation about a second 

12 axis parallel to the first axis.  As best shown in FIG. 4, a 

13 free end of the spring 44 is preferably secured to the spring 

14 take-up spool 46 by a pin 55.  As can be seen from FIGS. 2 and 

15 4, the spring take-up spool 46 is connected to the first gearing 

16 spool 48 by a first tension member 57.  The second gearing spool 

17 50 is preferably mounted on a spindle 58 for rotation about an 

18 axis parallel to the axes of the spring stowage spool 52, the 

19 spring take up spool 46 and the first gearing spool 48.  A 

20 driving engagement is preferably formed between the first 

21 gearing spool 4 8 and the second gearing spool 50 by winding a 

22 second tension member 60 about the first gearing spool 48 and 
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1 the second gearing spool 50.  Similarly, a driving engagement is 

2 formed between the second gearing spool 50 and the tether take- 

3 up spool 4 0 by winding a third tension member 62 about the 

4 second gearing spool 50 and third tension member spool 40'' 

5 coaxial with and fixed to tether take-up spool 40.  First, 

6 second and third tension members 57, 60, 62 can be any flexible 

7 member supporting tensile loading such as a wire, ribbon, or 

8 string.  The tension members 57, 60 and 62 in the device 26 act 

9 as a gear train.  While it is preferred to use a length of 

10 string or wire to form the drive train, other mechanisms could 

11 be used to create the drive train. 

12 Spring take up spool 4 6 has a spring take up portion 46' 

13 and a first tension member retaining portion 46".  Spring take 

14 up portion is adapted to receive the tension spring as the 

15 tether 22 is deployed.  First tension member retaining portion 

16 46" provides a location for winding first tension member 57 when 

17 tether 22 is deployed. 

18 First gearing spool 4 8 has a first tension member spool 

19 portion 48' and a conical gearing portion 48".  First tension 

20 member spool portion 48' provides a location for winding first 

21 tension member 57 when tether 22 is retracted.  First tension 

22 member spool portion 48' is aligned with first tension retaining 
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1 member 46" allowing efficient travel of first tension member 57. 

2 Conical gearing portion 48" is spirally threaded to retain 

3 second tension member 60 thereon at a radius dependent upon 

4 retraction or deployment of tether 22.  Conical gearing portion 

5 48" is mounted coaxially with first tension member spool portion 

6 48' such that maximum force is provided in first tension member 

7 57 when tether 22 is retracted. 

8 Second gearing spool 50 has a third tension member spool 

9 portion 50' and a conical gearing portion 50".  Third tension 

10 member spool portion 50' provides a location for winding third 

11 tension member 62 when tether 22 is deployed.  Conical gearing 

12 portion 50" is spirally threaded to retain second tension member 

13 60 thereon at a radius dependent upon retraction or deployment 

14 of tether 22.  Conical gearing portion 50" is mounted coaxially 

15 with third tension member spool portion 50' such that maximum 

16 force is provided in first tension member 57 when tether 22 is 

17 retracted.  Second conical gearing portion 50" is positioned to 

18 hold second tension member 60 at a position minimizing the axial 

19 deviation of the second tension member 60 between first conical 

20 gearing portion 48" and second conical gearing portion 50". 

21 In order to facilitate the retrieval and deployment of the 

22 multi-line array, at least one of the tethers 22, 23, and 24 
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1 (identified hereinafter as 22) is attached to a tether take-up 

2 spool 40.  The tether 22, for example, passes through a central 

3 aperture 66 in guide tube 36.  Guide tube 36 helps insure the 

4 proper winding of the tether 22 on the spool 40.  Tether 22 can 

5 also be joined to a smaller diameter lanyard for easier storage 

6 on spool 40. 

7 In operation, when the tension in the tethers 22 is below 

8 the threshold of the force applied by the spring drive system, 

9 i.e., at slow tow speeds or during storage, the spool 40 

10 automatically draws tether 22 into the device 26 the tether is 

11 wrapped onto the tether take-up spool 40 and stored.  This holds 

12 the tether 22, and thereby its associated array line, in place 

13 until the forces produced by the components of the system 10 are 

14 great enough to overcome the force applied by the spring drive 

15 system.  This condition occurs during deployment when the tow 

16 speed increases.  When the force being applied to the tethers 

17 22, 23 and 24 exceed the force applied by the spring drive 

18 system, the tether 22 is pulled off the spool 40.  As can be 

19 seen from this description, this cycle of retraction and release 

20 advantageously occurs without power or intervention. 

21 By providing a tether retraction device 26 which requires 

22 no operator activation or intervention, the complexity of the 
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1 towed system is drastically reduced and its reliability is 

2 increased.  The tether retraction device 26 is designed to be 

3 compatible with the specifications for towed array operations 

4 and survival and therefore has no impact on the multi-line array 

5 utilization.  The geometry of the tether retraction device 26 is 

6 such that it has no impact on the towed array stowage tube or 

7 handling system. 

8 The entire tether retraction device 26 of the present 

9 invention could be housed within a 1.45 inch diameter hose 

10 section.  Thus, it has no impact on the array performance or 

11 self-noise. 

12 By pulling the individual array lines together and holding 

13 them in a fixed orientation, the tether retraction device 26 of 

14 the present invention eliminates any independent movement of the 

15 lines in the towed array stowage tube. 

16 The exit of the stowage tube is typically located in flow 

17 fields that may contain vortices or large vertical velocity 

18 components.  Since the tether retraction device 26 of the 

19 present invention maintains the nested configuration as the 

20 array lines leave the stowage tube and pass through regions of 

21 adverse flow, thereby nesting the array lines until they enter 
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1 the free stream, the tether retraction device 26 minimizes the 

2 risk of tangling during array deployment and retrieval. 

3 By storing the tether(s) on spools that are housed inside a 

4 hose section, the tether retraction device 26 protects these 

5 small diameter lines from exposure to slag or other 

6 imperfections on the inside wall of the stowage tube that could 

7 degrade their service life or break them. 

8 It is apparent that there has been provided in accordance 

9 with the present invention a tether retraction device which 

10 fully satisfies the objects, means, and advantages set forth 

11 hereinbefore.  While the present invention has been described in 

12 the context of specific embodiments thereof, other alternatives, 

13 modifications, and variations will become apparent to those 

14 skilled in the art having read the foregoing description. 

15 Therefore, it is intended to embrace those alternatives, 

16 modifications, and variations,. 
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1 Attorney Docket No. 79825 

2 

3 TETHER RETRACTION DEVICE 

4 

5 ABSTRACT OF THE DISCLOSURE 

6 The present invention relates to a tether retraction device 

7 having particular utility with multi-line towed arrays.  A 

8 system for retrieving and deploying a multi-line towed array 

9 having a plurality of array lines has at least one tether 

10 joinable between two of the plurality of array lines.  A tether 

11 retraction device is incorporated into at least one of the array 

12 lines for retracting the tether.  Each tether retraction device 

13 has a tether take-up spool, and a spring driven drive means 

14 which causes the tether to wind onto the take-up spool when the 

15 array is towed at slow speeds and allows deployment of the 

16 tether from the take-up spool when tension in the tether caused 

17 by tow forces exceeds the spring force applied by the spring 

18 driven drive means. 
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FIG.   1 

FIG.   3 
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