US009176058B2

a2 United States Patent 10) Patent No.: US 9,176,058 B2
Ban et al. 45) Date of Patent: Nov. 3, 2015
(54) REFLECTIVE SENSOR FOR DETECTION OF GO0IM 11/085 (2013.01); GOIN 17/04
MATERIAL DEGRADATION (2013.01); GOID 5/268 (2013.01); GOIN
2201/0886 (2013.01)
(71) Applicant: PD-LD, Inc., Pennington, NJ (US) (58) Field of Classification Search
None
(72) Inventors: Vladimir Sinisa Ban, Princeton, NJ See application file for complete search history.
(US); Boris Leonidovich Volodin,
Pennington, NJ (US); Grzegorz Drozdz, (56) References Cited
Hamilton, NJ (US); Uri Abrams,
Richboro, PA (US) U.S. PATENT DOCUMENTS
. . 5,367,583 A * 11/1994 Sirkis ....cocoovevvecivnnenne. 385/12
(73)  Assignee:  PD-LD, INC., Pennington, NI (US) 2006/0077379 Al* 4/2006 Frotetal. ... .. 356/128
2008/0141780 Al* 6/2008 Wavering et al. ... ... 73/723
(*) Notice: Subject to any disclaimer, the term of this 2009/0135427 Al* 5/2009 Huangetal. ......ccec..... 356/445
patent is extended or adjusted under 35
U.S.C. 154(b) by 48 days. OTHER PUBLICATIONS
Woodruff, M.W., et al., “Corrosion sensing of aluminum using opti-
(21) Appl. No.: 14/043,149 cal fiber,” (1994) SPIE 2191:511-515.*
(22) Filed: Oct. 1, 2013 * cited by examiner
(65) Prior Publication Data Primary Examiner — Gordon I Stock, Ir.
US 2014/0092389 Al Apr. 3, 2014 (74) Attorney, Agent, or Firm — Condo Roccia Koptiw LLP
57 ABSTRACT
Related U.S. Application Data A sensor for detecting material degradation may include an

.. L optical fiber and a housing through which the optical fiber
(60) Provisional application No. 61/708,119, filed on Oct. extends. An end cap may be affixed to an end of the housing.

1,2012. Light provided through the optical fiber may be reflected off
of'the end cap back through the optical fiber. The end cap may

(1) Int. CI. be made of a material of interest, and may be situated in an
GOIN 21/55 (2014.01) environment wherein the material of interest is present. A
GOIM 5/00 (2006.01) light source may provide input light through the optical fiber.
GOIM 11/08 (2006.01) A portion of the input light may be reflected off of the end cap.
GOIN 17/04 (2006.01) A light receptor may receive the reflected light via the optical
GOID 5/353 (2006.01) fiber. A processing unit may be adapted to compare a mea-
GOID 5/26 (2006.01) sured intensity of the reflected light to a threshold, and to

(52) US.ClL initiate an alarm condition if the measured intensity is below
CPC ............ GOIN 21/55 (2013.01); GO1D 5/35367 the threshold.

(2013.01); GOIM 5/0008 (2013.01); GOIM
5/0033 (2013.01); GOIM 11/083 (2013.01); 17 Claims, 5 Drawing Sheets

100B

100A D

100C

OTDR |

100D



