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[57] ABSTRACT

Apparatus and accompanying methods for use therein
for a Coriolis mass flow rate meter which is substan-
tially immune to noise, and more particularly, to such a
meter that is substantially unaffected by noise that oc-
curs at substantially any frequency different from a
fundamental frequency at which the flow tube(s) in the
meter vibrate. Specifically, the meter relies on measur-
ing mass flow rate by determining the phase difference
that occurs between real and imaginary components of
the discrete fourier transform (DFT) of both the left
and right velocity sensor waveforms evaluated at the
fundamental frequency at which the flow tubes vibrate.
The fundamental frequency is located, during an initial-
ization operation, by providing a power spectrum, de-
termined through use of the DFT of one of the sensor
signals and then selecting that frequency at which the
magnitude of the power spectrum reaches a maximum
value. In addition, the frequency at which both velocity
sensor signals is sampled is readjusted in response to any
change in the phase of one of the velocity sensor signals,
as transformed using the DFT, in order to assure that
the sampling frequency always remains substantially
equal to a pre-defined integer multiple of the fundamen-
tal frequency. Furthermore, the meter, through use of
the numerical value of any such phase change, also
provides a density indication which is also substantially
immune to such noise.

12 Claims, 35 Drawing Sheets

2
/

1% 185 25
S 1! —/—Z-"SERILL(HTHITSIGNALS

T ORIVE SIGNAL

LLEFT VELOCITY SIGNAL

N TR L T% ANALOG § DIGITAL
PROCESS OUTPUT SIGNALS

ELECTRONICS
FALLT ALARMS

AIGHT VELOCITY sxg% J

7 %
1By 165, L T SNITOH SIGALS




Sheet 1 of 35 4,996,871

Mar. 5, 1991

U.S. Patent

STYNIIS HILINS INdNI ﬂ

SKUYV 1nvd

SVN9IS 1Nd1n0 Ss3008d_LC
WLIOTO § 90N gz

SIVNIIS 1nd1ng ._<Em_m‘m.md+

[
lggp gy
) A
( WNOIS ALTOOT3A 1HOTH7 |
SIIN0HLII 3 WNIIS ALID0TA L3317 |
H3L3H L NS 3AIH0 |
TS ©WNAIS oY
. B} G6F 001 %
02
F 9Id 06

0ET

.0ET



Sheet 2 of 35 4,996,871

Mar. 5, 1991

U.S. Patent

f =
-3 AGH ‘AGE: HINOd |e2ve ov~ 00§
AN ) STIIT 304 T
INVISNOD 4 quvLs 16+~ [ TEMI I | LINOHI
NOLLNBHSOd V31D ¢62 W1 - 3ATHO Gat
NOLINGHSNd 35V3030|  1nd1n0 b3WTL WL k—— | 02 [T 30 S0 i
NOLINGHS 3SVIHONT 900 HILVM— T H LINHID }
LB DN e oe~d[ uzm_,wé 0| NSV | BEV ) 1 g 1HITH WO
NOLLYERT O MO OH3E{ IS0 1 TH ) JOV4HIINI L (V) [Hgg;
e U se [ {gg AN u..:ﬂl. 77T IAMI0TA L]
G914
Wi | e 0g2> = |-
oy pmm——n v
SIS RN Tovissta], | [e3miouing |, Oce T W el
65200201 | AVIdSI0 | “ Wlﬁ.lihu_nmc LEY TTHTD
- 3 e inehS
(31vd H014) .w\.:m s = sl ay
1Nd1n0 2 431430 vl kel = T b tozJ
90 TVNV H\>1w 10LA 0l L5555 e 0
......... SHALITHS fro— AGH
B3 LINKED Indino} | — LWL W3 A1 fe—AGH-
RAVIY 19V WSO T ged fo— AGH+
L AR ey = are? Ece’
NILLIH10 E,ﬁ; i JVAINT | 2SI { rvenon noedd
1l BT Tt T e mus arus=] 8|7 B M e
SINdIND W1IsT0 {9¢ b H_omm 0fe L INI 2asu 00F
=T _7 J0VAAINT 50— ¢ ¥ j mw‘s
R
e =T WIHIS A”_,WU . drl 1S4 "INI| pgnsy MVEOVIO YOO8 WALSAS
SINdIND WIE3s - G2 v c '9Id
el b 602 SHIT Lbod~f Lnd g

08F 1100

H09F HOSNIS
ALT0T3A

1097 HOSN3S

VA THINGD
WIS AW

06F HOSN3S
JHN1VHIdH3L
G6F 014 WOH4



Sheet 3 of 35 4,996,871

Mar. 5, 1991

U.S. Patent

R -
gy =< - { VO s O o
0L  pgE - 26E - 06E -+ 8gc -
AWIdSIO
o k==t
(dl 1504 0) ) 0B
LANHHIINT 31T 10H0) b HOLV]
INIBHSVIH IV Loee
6L
or2

J0VH3INT Sng
d™ 1S0H 01

JOVHIINI SnE K——

(H3Z1V10L O1)

NOTLVHEIV)
M014 OHdZ
H019v4 HILM
JdAL YILIN
XJONT HIINH3A
SINVISNOD
W11 H3ILT4

1nd1n0
ANINO3YS

SIHILINS
= INdNI

L

~

s

9f
Mmm o~

0) cmmmcmmeaeq HMIL i

P mam -y

llllll

89t mmmH *

ZHW OF

e BOTFA oo
m 8?«

5355n8 SS34aav
(ONV VLY0—

0GE~
(Wotd3) ]
AHOW3N

5e-

.

— T T 06F HOSN3S
........ { 1IN ONTTVS ONVi
sozzozesees ST T — be-e ez HN1VHIANIL
I ..--@Em&&ﬁ@&i_ Y"1 oL
gy - 20E TvE
L Y1l
b Lone LINGHID INIWIUNSVIN
ZHN sL% 0 (37) WAY3INI 1L
(] ﬁ €°9I4
[0702€
40S53004d -
L~ WN9IS %Ee v,
d
oeE-
L LINOHII 10dNT |
_ Ge £l “_)\sm
B L E—; Y |
! . OA GIE 9} A bcat |
_ YO 3 clt ) ) 2 5 _sz
. 4d1 Yo Le2 W | oncne
H_*Hvsc NIp IN0 NI ==~ INISYIV +=— 100 o _ ALIJ013A
_ oy W/s -1INV VTR _ 5 WO
L 02E 60c-  9gS 2085 s
G e ]



Sheet 4 of 35 4,996,871

Mar. 5, 1991

U.S. Patent

9V110A o
T0HINOD
WNIIS =T
wg O
‘ 378vN3
HOLV T =31 IAIH0
diV UM 4 09v>
087 110) = <l oo -
IATHO 0L 8- 8oy >
NIV9 — O
G
0¥

T H 09k HOSN3S ALTJOT3A
TNIIS [ | w34 HIT4IL0M 1HIIY WOdd
mwwm__ = | SSVd KO VM TN

INTE e 109F HOSNIS ALTDOT3A

39V170A Ay L HIVHIAV 4IL1L03] 9 1437 nou
(IOHS3UHL 28
Ov LINOHID 3AIHO
v "9Id



U.S. Patent Mar. 5, 1991 Sheet 5 of 35 4,996,871
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