US007571062B2

a2 United States Patent 10) Patent No.: US 7,571,062 B2
Henry et al. 45) Date of Patent: *Aug. 4, 2009
(54) DIGITAL FLOWMETER (56) References Cited
U.S. PATENT DOCUMENTS
(75) Inventors: Manus P. Henry, Oxford (GB); David
W. Clarke, Oxford (GB); James H. 3,956,682 A 5/1976 Van Dyck ...cccccovneeneeee 318/640
Vignos, Needham Heights, MA (US) RE29,383 E 9/1977 Gallatinetal. ................ 137/14
(73) Assignee: Invensys Systems, Inc., Foxboro, MA
Us) (Continued)
(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. EP 0698 783 Al 2/1996
This patent is subject to a terminal dis-
claimer. (Continued)
(21) Appl. No.: 11/555,033 OTHER PUBLICATIONS
(22) Filed: Oct. 31, 2006 A.F. Skea, “Effects of Gas Leaks in Oil Flow on Single-Phase
Flowmeters”, Flow Measurement and Instrumentation, vol. 10, pp.
(65) Prior Publication Data 146-150 (1999).
US 2007/0124090 A1~ May 31, 2007 (Continued)
L. Primary Examiner—Manuel L Barbee
Related U.S. Application Data (74) Attorney, Agent, or Firm—Fish & Richardson P.C.
(63) Continuation of application No. 11/130,233, filed on
May 17, 2005, now Pat. No. 7,136,761, which is a ~ ©1) ABSTRACT
continuation of application No. 10/637,620, filed on
Aug: 11, .2003’ how PaF. No. 6,917,887, which is a A controller for a flowmeter includes an input module oper-
continuation of application No. 09/931,057, ﬁleq on able to receive a sensor signal from a sensor connected to a
Aug. 17, 2001, now Pat. No. 6,754,594, which is a vibratable flowtube. The sensor signal is related to a fluid flow
continuation of application No. 09/111,739, filed on  through the flowtube. The controller also includes a signal
Jul. 8, 1998, now Pat. No. 6,311,136. processing system operable to receive the sensor signal,
.. .. determine sensor signal characteristics, and output drive sig-
(60)  Provisional application No. 60/066,554, filed on Nov. nal characteristics for a drive signal applied to the flowtube.
26, 1997. An output module is operable to output the drive signal to the
flowtube and a control system is operable to modify the drive
(1) Int. CL signal and thereby maintain oscillation of the flowtube durin,
2 M 2
GOGF 15/00 (2006.01) atransition of the flowtube from a substantially empty state to
(52) US.CL ... 702/45; 73/861.355; 73/861.356 a substantially full state.
(58) Field of Classification Search ....................... None

See application file for complete search history.

48 Claims, 71 Drawing Sheets

Massflow
I7 Measurement 100
05 #
|/

Digital
Controller
125

Temp. w4

Sensor
i
1
1

Driver  f——-~ Flow Tube Sensor }-—

DOC KET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

©
L

US 7,571,062 B2

Page 2
U.S. PATENT DOCUMENTS 6,318,156 Bl  11/2001 Dutton et al. .............. 73/61.44
) 6,318,186 Bl 11/2001 Smith et al. .. . 73/861.356
4,187,721 A 2/1980 Smith ...oovieiinnn. 73/861.356 6,327,914 Bl 122001 Dutton ................. 73/861.356
4,358,822 A 11/1982 Sanchez .. 700/31 6,378,354 Bl 4/2002 Sharp .....cococoveeverrnnes 73/1.16
RE31,450 E 11/1983 Smith ......... . 73/861.35 6,505,519 B2 1/2003 Henry etal. . 73/861.356
4,419,898 A * 12/1983 Zan.keret al. ... 73/861.02 6,507,791 B2 12003 Henryetal. ..occocovennen... 702/45
4,422,338 A 12/1983 Snu.th ......... .. 73/861.356 6,551,251 B2 4/2003 Zuckerwar et al 600/528
4,491,025 A /1985 Smithetal. ............ 73/861.355 6,564,619 B2 5/2003 Duttonetal. ... 73/61.44
4,688,418 A 8/1987 Cheungetal. ............. 73/29.01 6,754,594 B2* 6/2004 Henryetal. . .. 702/45
4,727,746 A 3/1988 Mikasa et al. ..... .. 73/2331 6,917,887 B2 7/2005 Henry et al.
4757390 A~ 7/1988 Mehrgardtetal. ............ 386/34 7,136,761 B2* 11/2006 Henry etal. .......cc........ 702/45
4,773,257 A 9/1988 Aslesenetal. ............. 73/61.44 2002/0033043 Al 3/2002 Dutton et al. 73/61.44
4,782,711 A 11/1988 Pratt .......... . 73/861.356 2002/0038186 Al 3/2002 Henry et al. . . 702/45
4,801,897 A 1/1989 Flecken ........coooovnvnven 331/65 2002/0133307 A1 9/2002 Maginnis ..........o.o....... 702/100
4,817,448 A 4/1989 Hargarten et al. ...... 73/861.356
4,823,614 A * 4/1989 Dahlin .... 73/861.357 FOREIGN PATENT DOCUMENTS
4,852,395 A 8/1989 Kolpak .... ... 73/61.44
4,852,409 A 8/1989 Herzl ... . 73/861.356 g 0076092622 22 %ggg
4,852,410 A * 8/1989 Corwon et al. . .. 73/861.355 EP 0827096 3/1998
4,879911 A 11/1989 Zolock .......... .. 73/861.356
WO WO 93/21505 10/1993
4,891,991 A 1/1990 Mattar et al. ...... .. 73/861.357
L WO WO 98/20306 5/1998
4,895,030 A 1/1990 Bergamini et al. ..... 73/861.355
WO WO 00/10059 2/2000
4.911,006 A 3/1990 Hargarten et al. ............. 73/198 WO WO 0208703 112002
4,911,020 A * 3/1990 Thompson ..... .. 73/861.356
4,934,195 A 6/1990 Hussain ... .. 73/861.355 OTHER PUBLICATIONS
4,934,196 A * 6/1990 Romano .. .. 73/861.356
4,996,871 A 3/1991 Romano ..... .. 73/861.356 David Spitzer; “Mass Flowmeters”; Industries Flow Measurement,
5,027,662 A 7/1991 Titlow etal. ........... 73/861.356 Chapter 12; pp. 197-210; 1990.
5,029,482 A 7/1991 Liuetal. ... ... 73/861.04 E. Luntta et al., “Neural Network Approach to Ultrasonic Flow Mea-
5,050,439 A 9/1991 Thompson .. . 73/861.356 surements”, Flow Measurement and Instrumentation, vol. 10, pp.
5,052,231 A 10/1991 Christetal. ........... 73/861.356 35-43,1999.
5,054,313 A 10/1991 Fitzgerald et al. .......... 73/54.27 European Search Report issued in European Patent Application No.
5,054,326 A 10/1991 Mattar ........... 73/861.355 EP 04021672, mailed Jul. 10, 2007, 3 pages.
5,218,869 A 6/1993 Pummer .. 73/629 J. Hemp et al.; “On the Theory and Performance of Coriolis Mass
5,228327 A 7/1993 Bruck ..... .. 73/134 Flowmeters”; Proceedings of the International Conference on Mass
5,259,250 A 11/1993 Kolpak ....... .. 73/861.355 Flow Measurement Direct and Indirect, IBC Technical Services; 40
5,271,281 A 12/1993 Mattar et al. ........... 73/861.355 pages; Feb. 1989.
5,295,084 A 3/1994 Arunachalam et al. ........ 702/50 J.T. Grumski et al., “Performance of a Coriolis-type Mass Flow
5,301,557 A 4/1994 Cageetal. ............. 73/861.355 Meter in the Measurement of Two-phase (air-liquid) Mixtures”,
5321,991 A 6/1994 Kalotay .............. 73/861.357 ASME Fluid Engineering Division Publication FED, vol. 17, pp.
5,343,764 A 9/1994 Mattar et al. ........... 73/861.355 75-84,1984.
5,347,874 A 9/1994 Kalotay et al. ......... 73/861.357 Joseph DeCarlo; “True Mass-Flow Measurement”; Fundamentals of
5,400,653 A 3/1995 Kalotay et al. ......... 73/861.355 Flow Measurement, Unit 11-2; pp. 208-220; 1984.
5,429,002 A 7/1995 Coleman .... .. 73/861.356 Kutin, Joze, et al., “Phase-Locking Control of the Coriolis Meter’s
5,469,748 A 11/1995 Kalotay 73/861.356 Resonance Frequency Based on Virtual Instrumentation,” Sensors
5,497,665 A 3/1996 Cageetal. ............. 73/861.356 and Actuators A 104 (2003), pp. 86-93.
5,497,666 A 3/1996 Patten et al. . 73/861.355 M. Henry et al., “The Implications of Digital Communications on
5,535,632 A 7/1996 Kolpak .......c.co.o....... 73/861.04 Sensor Validation”, Report No. QUEL 1912/92, University of
5,555,190 A 9/1996 Derbyetal. ......cccco..... 702/45 Oxford, Department of Engineering Science, Apr. 1992.
5,570,300 A 10/1996 Henry et al. ... 702/45 M.P. Henry et al., “A New Approach to Sensor Validation”, Improv-
5,578,764 A 11/1996 Yokoi et al. ............ 73/861.356 ing Analyser Performance, IMC, Mar. 17, 1992.
5,594,180 A 1/1997 Carpenter et al. ...... 73/861.356 M.P. Henry et al., “A Self-Validating Digital Coriolis Mass-flow
5,648,616 A 7/1997 Keel .. 73/861.356 Meter” (1); overview, 1999.
5,654,502 A 8/1997 Dutton 73/152.18 M.P. Henry et al., “A standard Interface for Self-Validating Sensors”,
5,676,461 A * 10/1997 Edwards ......ococon.... 366/152.2 Report No. QUEL 1884/91, University of Oxford, Department of
5,687,100 A * 11/1997 Buttler et al. o 702/137 Engineering Science, Sep. 1991.
5,732,193 A 3/1998 ADErson ...........c........ 706/45 M.P. Henry et al., “Signal processing, Data Handling and Commu-
5,734,112 A 3/1998 Bose et al. weeoeveneii. 73/861.56 nications: The Case for Measurement Validation”, Mar. 1992.
5,774,378 A 6/1998 Yang .......... ... 702/104 M.P. Henry et al., “The Self-Validating Sensor: Rationale Definitions
5,804,741 A 9/1998 Freeman ................ 73/861.356 and Examples”, Control Engineering Practice, 1 (4), pp. 585-610,
5,877,954 A 3/1999 Klimasauskas et al. ....... 700/29 1993.
5,926,096 A 7/1999 Mattar etal. ................ 340/606 M.P. Henry, “Self-Validation Improves Coriolis Meter”, Control
5969264 A 10/1999 Rivkin .........o.co...... 73/861.356  Engineering, 42 (6), pp. 81-86 (1995).
6,073,495 A 6/2000 Stadler ........o......... 73/861.356 ~ Merriam-Webster’s Collegiate Dictionary, Tenth Edition, 1998, p.
6,092,420 A 7/2000 Cunninghametal. .. 73/861.356 747 . o
6185470 Bl 2/2001 Padoetal. .o...coooo..... 700/104  Wvood, et al, “A Phase-Locked Loop for Driving Vibrating Tube
6.301.973 Bl 10/2001 Smith 73/861.357 Densimeters,” Rev. Sci. Instrum., vol. 60, No. 3, Mar. 1989, pp.
6,309,342 Bl 10/2001 Blazeyetal. ................. 600/26 493-494.
6,311,136 B1* 10/2001 Henryetal. .......cccccceeee. 702/45 * cited by examiner

CKE

A R

T
M

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent

Aug. 4, 2009 Sheet 1 of 71

—— Massflow
Measurement

105

Digital -

US 7,571,062 B2

100

/1/

Controller

125
Temp. /

Sensor

|- e — =

Driver

b e

\

DOCKET

_ ARM

Flow Tube  pF~———4

Sensor

\
FIG. 1

10

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Aug. 4,2009 Sheet 2 of 71 US 7,571,062 B2

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Aug. 4,2009 Sheet 3 of 71 US 7,571,062 B2



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




