
United States Pélt?llt [19] [11] Patent Number: 5,767,665 
Morita et al. [45] Date Of Patent: Jun. 16, 1998 

[54] PHASE DIFFERENCE MEASURING $069,074 12/1991 Young et a1. .................... .. 73/861356 
APPARATUS AND MASS FLOWMETER 5.460.933 10/1995 haw er a1, 1 
THEREOF 5,469,758 11/1995 Kalotay ............................ .. 73/361356 

FOREIGN PATENT DOCUMENTS 
[75] Inventors: Akita Morita. Tokyo; Hiroyuki 

Yoshimura. Kanagawa. both of Japan 4205300 7/ 1993 Germany - 
4319344 111995 Germany . 

[73] Assignee: Fuji Electric Co. Ltd.. Kawasaki. 8302105 3/1988 WIPO ' 
Japan Primary Examiner-Michael Brock 

Attorney, Agent, or F irm—Greer. Burns & Crain. Ltd. 

[22] Fllcd: Sep' 12’ 1995 A phase difference measuring apparatus for accurately mea~ 
[30] Foreign Application Priority Data ‘ suring the phase difference (?ne time di?erence) of two 

signals with the same frequency with a reduced number of 
56p. 13, 1994 Japan .................................. .. 6-217743 bits for conversion is disclosed. In addition to Output 
Mar‘ 22' 1995 [JP] Japan ' ' ' ' ' ' ' ‘ ' ' " 7'062675 ' als of an u stream side icku and a downstream side 
Mar. 22, 1995 [JP] Japan .................................. .. 7-062676 Sign P P P . 

p1ckup Of a mass ?owmeter. an output s1gna1 of the upstream 
[51] Int. Cl.6 ............................ .. G01R 25/00; GOlF U84 side pickup or the downstream side pickup is supplied tO a 
[52] us. (:1. ...................... .. 324/7652; 73/361356 wmparawr- a PLL circuit an 9119411356 ?lwr- a sample and 
[581 Field of Search ............................ .. 324/7652. 76.53. hold circuit‘ and an A/D Convert“ These Circuits quantize 

324/7655 76'63; 73/861356. 861355; these signals and send the quantized signals to a band pass 
364/510‘ 484 ?lter. The band pass filter extracts a predetermined signal 

component and outputs it to a DFT. The DPT performs 
[56] References Cited complex Fourier transformation On the input signal. Thus. 

the phase difference between two signals with the same 
U~S- PATENT DOCUMENTS frequency (such as an upstream side pickup signal and a 

3,513,385 5/1970 Pascoe ........................... .. 324/7652 x downstream Side Pickup signal) can be accurately dame‘! 
3,895,294 7/1975 Vmding .......................... .. 324/7652 X with a rcduc?d number of bits for each of the A/D Convert 
4,934,196 6/1990 Romano. (3T5. 
5,050,439 9/1991 Thompson ....................... .. 73/861356 

5,052,231 10/1991 Christ et al. . 11 Claims, 22 Drawing Sheets 

[11 DSP (CPU) 
1A 6A BA 7 

UPSTREAM 5A SAMPLE A BAND 9A 
SIDE ANTIALIASE _ AND __ A/D 1_ PASS _ DFT 

SOLENOID FILTER HOLD CONVERTER FILTER 
PICKUP \ 

5B ?yLL 78 BB 98 
2 , 

ADDING F ANTIALIASE __1SA£IFI')LE_ A/D *_ 222g _ DFT _ PHASE _ 
CIRCUIT FILTER HOLD CONVERTER FILTER CALCULATING 

5c 69 1 7c 8‘: 9c 

_.‘ANT1ALIASE __SAMPLE A/D BAND 
FILTER AND '“cONvERTER *“ PASS _ DFT 

11011) A FILTER 

3 4 TTIMINO 
‘ PLL 

-+OOMPARATOR— (6 
TIMES) 

18 ((1) 
PHASE 

DOWNSTREAM DIFFERENCE 
SIDE 

SOLENOID 
PICKUP 

Micro Motion 10531 f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent Jun. 16, 1998 Sheet 1 0f 22 5,767,665 

IOI I A 

I04 

102 O5 

PRIOR ART 

I03 

I FIG. 

2 G F 

PRIOR ART 

I03 

3 G Cu 

PRIOR ART 

2 f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent Jun. 16, 1998 Sheet 2 of 22 5,767,665 

PRIOR ART 

FIG. 4 

3 f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


4

5,767,665

           
2:2”6;;mixes:M...zo_:3::=<§+u3f6

O

32:;:5
a

m$2323;S3235:;_/$5:.21:33.:umm“:5z_25::good.0zmoimizoo:—”SIZE::—mozmfibmno52:;mmm%MmwmLEE:94.mm20:51:22<_,m.mmm6m2:5;2;n._h3.2:: 
mozmmmmmm

nal:3:_m

m:\132223W:”5:35::—

U.S. Patent

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent Jun. 16, 1998 Sheet 4 of 22 5,767,665 

\ #63 ‘H20 

1L 124 15/ 
PRIOR ART 

FIG. 6 

5 f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  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 

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,  

opposing counsel or company faced cases similar to yours.

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

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

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

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.


