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(57) Abstract: Compliant leak detection system. The system includes structure adapted to support at least two rows of leak detection
leaves, each leak detection leaf supported by an arm pivotally attached to the structure and urged outwardly by a torsion spring into
contact with a pipe wall so as to adjust for changes in pipe diameter. The leak detection leaf includes a rigid support and a flexible
member such that suction from a leak will cause the flexible member to contact the pipe wall and put a drag force on the structure.
An axial force transmitting drum measures the drag force to indicate presence of a leak.



COMPLIANT LEAK DETECTION SYSTEM

Priority

This application claims priority to U.S. Application No. 15/044,176 filed

February 16, 2016, the contents of which are incorporated herein by reference.

Background of the Invention

This invention relates to a compliant leak detection system.

Considerable research and development (R&D) efforts have been exerted

around the world to develop technologies to detect water leaks in water distribution networks.

Water leakage can reach 30% on average of the water transported across water distribution

networks [1, 2] Current leak detection methods [3] include leak noise correlators, surface

listening devices, ground penetrating radars, infrared thermography, and chemical tracing.

These methods have many limitations when applied to actual water distribution networks.

They can be expensive or time consuming, inaccurate, have noise interference problems, and

sometimes depend on pipe material.

Acoustic and noise correlators [4, 5] are the widely used methods for leak

detection at the present time by water municipalities worldwide. These methods work well in

metal pipes; however, the effectiveness of the methods is doubtful with plastic pipes due to

high signal attenuation, low frequency content, and the pronounced effect of fittings on the

wave propagation. Recently, leak detection using in-pipe moving sensors, like Sahara and

Smartball systems, is considered to overcome many shortcomings of the conventional

acoustic leak detection devices. The motivation for venturing into this technique stems from

the ability to survey a long distance pipeline in a network and surveying portions of the

network which may be logistically difficult to access by other techniques. The closeness of

the sensor to the leak location may enable capturing clean signals so leak detection and

localization becomes more independent of pipe material, pipe depth, soil type, background

noise, and other environmental effects.

Based on detailed computer simulations and experimental validation, leaks can be

detected by local pressure measurements. However, the pressure affected region is highly



localized and this method requires a large number (more than 20 for a 2mm leak size) of

pressure transducers or equivalent sensors in order to detect a leak. This situation is mainly

due to the fact that the pressure gradient caused by a leak is highly localized and its effect can

only be sensed 1-2 leak diameters around the leak center. Figs la, lb and l c show a typical

result where changes in the pressure distribution caused by leak are difficult to detect along

the pipe centerline. Detection is only possible in the vicinity of the leak.

Ben-Mansour et al (US 8,869,599 B2) invented a novel method that transforms the

high-pressure gradient in the vicinity of the leak position into a force and consequently into a

displacement that can be sensed by a small number of transducers (strain gages, load cells,

piezo-electric transducers, etc.) which are optimally located. The transformation of the

suction pressure (gradient) created by the leak into a force is accomplished by the use of a

rigid body (a suction drum) which is suspended by force transducers connected on one end to

the rigid body and another end to a reference point (outer cage). The benefits of reducing the

number of sensors are many and most of them are obvious. These include reduction of the

product cost, reliability of the sensing system, reduction of the amount of data to be

processed and hence the amount of power consumed as well as of the data processing

requirements.

The system described above (US 8,869,599 B2) works very well in clean and straight

pipes. However water distribution pipes are far from clean once they are in use for more than

one year. Because of solid particles dissolved in water, over time the pipes get scaled. The

scale content depends on the solid particles carried by water. A clean and a scaled pipe are

shown in Fig. 2. Under these condition the pipe has a variable diameter as the leak detector

moves.

An object of the present invention is a compliant leak detection system that has the

capability to change its outer size so as to bring a detecting structure such as a membrane

close to a pipe (scaled or clean) wall at all times to detect a leak.

Summary of the Invention

The compliant leak detection system of the invention includes structure adapted to

support at least two rows of leak detection leaves, each leak detection leaf supported by an



arm pivotally attached to the structure and urged outwardly by a torsion spring into contact

with a pipe wall so as to adjust for changes in pipe diameter. A spherical bearing is placed at

an end of each of the leak detection leaves for engaging an inner surface of the pipe wall. The

leak detection leaf includes a rigid support and a flexible membrane, whereby suction from a

leak will cause the flexible membrane to contact the pipe wall and put a drag force on the

structure. An axial force transmitting drum is provided to measure the drag force to indicate a

leak.

A preferred embodiment of the invention includes suction cups on the flexible

membrane. The system may further include a gimbal mechanism to transmit axial forces to

force transducers on the axial force transmitting drum it is also preferred that the leak

detection leaves cover an inner wall of the pipe for its entire circumference.

Brief Description of the Drawing

Fig. l a is a cross-sectional view of a pipe section including a leak.

Fig. lb is a graph showing pressure variation along the pipe.

Fig. 1c is a graph of static pressure against position showing pressure variation along a line

parallel to a center line at 1mm from the pipe wall.

Fig. 2 illustrates scaled and clean pipe sections.

Figs. 3a, 3b, and 3c are various views of an embodiment of the present invention.

Fig. 4 is a perspective view of a preferred embodiment of the invention.

Fig. 5 is a perspective view of suction cups placed on a leaf membrane

Fig. 6 is a perspective view of a gimbal mechanism to transmit axial forces from a leaf to

force transducers to measure leak magnitude and location.



Fig. 7 is a cross-sectional view of another embodiment of the invention providing a compliant

leak detector.

Description of the Preferred Embodiment

The present invention discloses a compliant-drum leak detector system. This system

has the capability to change its outer size so as to bring a detecting membrane close to a pipe

wall at all times and to engage a scaled pipe interior while at the same time maintaining

reliability of leak detection.

With reference now to Figs. 3a, 3b, 3c and Fig. 4, a compliant leak detection device

0 includes structure from which extend arms 14 that support leak detection leaves 16.

The arms 14 are connected through a pivot joint to the structure 12. In this way, the leak

detection leaves can maintain contact with a pipe wall having a varying diameter due to

scaling.

As can be seen best in Fig. 4, the end of each arm 14 includes a spherical bearing 18

that engages a pipe wall for smooth gliding along the wall. The leaf detecting structure 16

includes a rigid support 20 with a flexible membrane 22. It is noted that the arms 4 are

urged outwardly by torsion springs (not shown) in the joint with respect to the structure 12.

As can be seen in Fig. 4, it is preferred that there be at least two rows of leak detection

structures 16 to provide reliable leak detection at any circumferential location along a pipe

wall.

As shown in Fig. 5, it is preferred that the leaf structure 16 include suction cups 24

thereon.

Fig. 6 shows a gimbal mechanism that can be used in conjunction with a force

transmitting drum to sense an axial leak-generated force from any angle. Yet another

embodiment of the invention is shown in Fig. 7 illustrating compliant leaves to conform to

changing pipe diameters.



In operation, as the leak detecting device 0 moves axially along a pipe, the leaf

structures 16 will be urged outwardly so that the spherical ball bearing 18 contacts an inner

wall of the pipe thereby ensuring that the leaf structure is very close to a leak in a pipe wall.

As the device 10 passes over a leak, the flexible membrane 22 will be urged into

contact with the leak because of flow through the leak. The contact of the membrane 22 with

the pipe wall provides a drag force on the device 10, the measurement of which indicates the

presence of a leak. It has been found that the suction cups 24 aid in producing drag allowing

leak detection.

It is thus seen that the present invention provides a compliant leak detection system

that can operate within pipes having a constant wall thickness or scaled pipe having a

variable wall thickness. The present system moves axially within a pipe and the independent

leaves retract radially inward as a pipe narrows. If the pipe becomes cleaner, the leaves open

up by the action of torsional springs installed on the inner cylindrical joints. The present

invention will reduce the number of force transducers to two as has been shown

experimentally and theoretically.

It is recognized that modifications and variations of the invention will be apparent to

those of ordinary skill in the art and it is intended that all such modifications and variations

be included within the scope of the appended claims.
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What is claimed is:

1. Compliant leak detection system comprising:

structure adapted to support at least two rows of leak detection leaves, each leak

detection leaf supported by an arm pivotally attached to the structure and urged outwardly by

a torsion spring into contact with a pipe wall so as to adjust for changes in pipe diameter;

a spherical bearing at an end of each of the leak detection leaves for engaging an inner

surface of the pipe wall;

wherein the leak detection leaf includes a rigid support and a flexible membrane,

whereby suction from a leak will cause the flexible membrane to contact the pipe wall and

put a drag force on the structure; and

an axial force transmitting drum to measure the drag force to indicate a leak.

2. The leak detection system of claim 1 wherein the flexible membrane includes suction

cups thereon.

3. The leak detection system of claim 1 further including a gimbal mechanism to

transmit axial forces to force transducers on the axial force transmitting drum.

4 The leak detection system of claim 1 wherein the leak detection leaves cover an inner

wall of the pipe for its entire circumference.



5. The leak detection system of claim 1 wherein the structure is collapsible to pass

through substantially smaller diameter sections of the pipe.

6. The leak detection system of claim 1 wherein the changes in pipe diameter arise from

pipe damage, scale formation in pipes carrying brackish water or pipes carrying liquids

containing solid particles.

7 The leak detection system of claim 5 wherein the smaller diameter sections result

from tees, elbows or a section repaired with an insert having a smaller diameter.
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