DESCRI PTION | *159159* TERTI ARY MODE VI BRATI ON TYPE
CORI OLI S FLOWETER TECHNI CAL FI ELD The present
invention relates to a Coriolis flowneter equipped
with at |east one flow tube, and nore specifically, to
a tertiary node vibration type Coriolis flowreter in

which the flow tube i SDESCREBHTIONa subst a
T-shaped configuration and is driven by bmwmmwwmmmmmm
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t ube around the supporting point in a di rection
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hereinafter, a tube to which vibration is applied is
TECHNICRLy dd BLP as a flow tube) . The Coriolis flowreter
is a mass floweter, which wutilizes the fact that the
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driven by bending vibration in a tertiary mode.

BACKGROUND ART

In a Coriolis flowmeter, a tube through which a fluid to be
measured flows is supported at one end or both ends thereof, and
vibration is applied to a portion of the tube around the supporting
point in a direction vertical to the flowing direction of the tube
(hereinafter, a tube to which vibration is applied is referred to
as a flow tube). The Coriolis flowmeter is a mass flowmeter, which
utilizes the fact that the Coriolis forces applied to the flow tube
when vibration is thus applied thereto, are proportional to a mass
flow rate. The Coriolis flowmeter, which is well known, is roughly
classified into a straight tube type and a bent tube type in terms
of flow tube structure.

In a Coriolis flowmeter of the straight tube type, when
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vibration is applied to a straight tube, whose both
ends are supported, in a direction vertical to the
straight-tube center portion axis, a difference in
di spl acenent due to the Coriolis forces is generated
__ between the support portions and the central portion

vibrgitiche i3 rapghiedulte, a hatrasght phase difdss enseh ends are
signal is obtained, and, based on this phase
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The straight tube type Coriolis flowreter, thus
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flowreter is superior to the straight tube type _
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In fact, the bent tube type Coriolis flowneter is
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formng the flow tube by a single path w thout being
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of clogging in a small dianmeter sensor. \Wen neasuring
to the sPraight tube type Coriolis flowmeter from a view point that
the bent tube type Coriolis flowmeter allows selection of a shape
for effectively obtaining the Coriolis forces. 1In fact, the bent
tube type Coriolis flowmeter is capable of performing mass flow
rate detection with high sensitivity. Known examples of the bent
tube type Coriolis flowmeter include one equipped with a single
flow tube (see, for example, JP 4-55250 A), one equipped with two
flow tubes arranged in parallel (see, for example, JP 2939242 B),
and one equipped with a single flow tube in a looped state (see,
for example, JP 2951651 B).

In a Coriolis flowmeter, forming the flow tube by a single

path without being branched off is the best method of solving a

problem of clogging in a small diameter sensor. When measuring a



fluid having conpressibility or discontinuous fluids
differing in density and viscosity, it is inpossible
to effect flow separation in a stable nanner if the
flowis branched off. Fromthis viewpoint also, it is
desirable to formthe flow tube by a single flow path.
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s e bl ey Rt sariof TPt S bEering in

Ls. facLlitated. since the. configuration and structure )
dens#ﬁ-\’/’o%%d“a?%o%éym &St IPRESAR L B9 et feet dekqweseparation

, when reproducibility in format |ow cost is required.
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the exterior of the mass flowmeter occurs when the flow tube is
vibrated in a tertiary mode or an even-number mode, resulting in
generation of zero-point drift or span fluctuation depending upon
changes in piping conditions. Further, even in a vibration system
using a counter balancer for the purpose of mitigating vibration
leakage, a change in vibration leakage is caused by a change in
density, resulting in a deterioration in terms of instrumental error
property.

As stated above, a counter balancer is usually adopted in
order to mitigate vibration leakage. However, in a Coriolis
flowmeter utilizing bending vibration of a single tube, the

influences of the counter balancer system in terms of density,

temperature, and vibration are inevitable.



DI SCLOSURE OF THE | NVENTI ON The present invention has
been made in view of the above problens in the prior
art. It is an object of the present invention to
provide a tertiary node vibration type Coriolis f

| owret er capable of mtigating vibration |eakage. In
order to achieve the object of the present invention,
a tertiary node vibration type Coriolis flowneter

DISCAOSURM 10F tTOIECIITAIVENTION the present invention
i ncludes: at |least one flow tube, a drive device for
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detection sensors for detecting a phasée difference’i

rLoporti : loli.s .force acting_on the flow,
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drives the f|ow tube by bending vibration in a
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| oop-shaped body part, and that a pair of parall el
of miggopaing ibraciwed leaklgeconti nuous with both end
parts of the body parts and to be deflected in a
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direction of both end parts of the body part and to
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parts supporting the flow tube being forne
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tertiary node vibration type Coriolis flowreter as
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parts are arranged at positions in close
force acting on the flow tube, and is characterized in that the
drive device drives the flow tube by bending vibration in a tertiary
mode, that the flow tube has a substantially loop-shaped body part,
and that a pair of parallel leg parts are formed to be continuous
with both end parts of the body parts and to be deflected in a
direction substantially orthogonal to the vibrating direction of
both end parts of the body part and to the outside of the both end
parts, with fixed end parts supporting the flow tube being formed
at the leqg parts.

In order to achieve the object of the present invention, a

tertiary mode vibration type Coriolis flowmeter according to Claim

2 of the present invention is characterized in that, in the tertiary

mode vibration type Coriolis flowmeter as claimed in Claim 1, the



proximty to each other within one and the same pl ane.
In order to achieve the object of the present
invention, a tertiary node vibration type Coriolis
fl owmmeter according to Claim 3 of the present

i nvention, according to Claim1l or 2, is
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ratio of the fixed end wwidth wto the width Wof the
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the leg parts to the height H of the body part.
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the present invention, it is possible to generate
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the body part, and ht/H is the ratio of the height ht of the leg

parts to the height H of the body part.

According to the present invention having the features
described above, the flow tube is formed in a substantially T-
shaped configuration, and the flow tube is driven by bending
vibration in a tertiary mode, in which vibration is stabilized with
minimum energy consumption. As é.result, it is possible to convert
the bending vibration at both end parts of the body part of the
flow tube into twisting vibration at the leg parts provided so as
to be continuous with both end parts. Further, according to the

present invention, it is possible to generate twisting stresses

in opposite directions in the leg parts arranged in parallel. As



By arranging both fixed end parts of the leg parts at
positions in close proximty to each other within one
and the sane plane, it is possible to cance
vi bration | eakage in a nore satisfactory manner.
Further, according to the present invention, by
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predeterm ned condition, it is possible to nmtigate
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into tmﬁsting vibration at the flow tube end
Howeggryi dRsthpt Tlgwdkabe abt e ti aled /| ddtenehd F Iapmandeedy due to

900. To efficiently reduce the remaining tw sting
the gverationigidity, adesivealbhé b6 briewprdeer panadié elature (i.e.

rotation shafts rotating in opposite 6 directions as
twistlinge vibreadbrot.nerrasa@ossvdl 8, reidulttilke fixedighdsty with
respect to the movement of a secondary-mode nature (i.e. twisting
vibration), it is necessary to reduce the distance between the fixed
ends on the upstream and downstream sides and to achieve a reduction
in rigidity with respect to bending (to obtain an effect like that
of a rotary free support end). This helps to achieve an improvement
in terms of Coriolis force detection sensitivity.

Consideration of a tertiary bending vibration from the
viewpoint of vibration leakage reveals that in order to convert
bending vibration into twisting vibration at the flow tube end
portions, it is desirable to deflect the flow tube by 90°. To

efficiently reduce the remaining twisting vibration, it is

desirable tobring the parallel rotation shafts rotating in opposite



t hereof existing in one and the same plane. In this
way, according to the present invention, it is
possible to mtigate vibration | eakage. Further, it is
possible to mnimze zero point drift and span
fluctuation due to changes in piping conditions.
direbUibher as asresdlitigebeht BEnBEESEPod MO | Qith thel Bixed ends
possible to provide a nore satisfactory Coriolis
et BRLE | RTI THE DRAW NGS Fig. 1
ther%éggggﬁggggﬁ1éhoépgg§§8tgﬁﬁ%%%ﬁ%ﬂﬁf@“ﬁ‘bration type
Coriolis flowreter accordi to an enbodi nent of the )
pre8eft' S K i BRCOFAIRAI 1P pbhei Brecept sinverbhen, it is
view of a casing, and portion (b) is a schematic view
possshéfi hg mhbigakervionattort 1oakagher dofrthy, ix iis possible
bl ock di agram show ng a sensor portion, a signha
to mpnbmessi ngropged ion, danfit amexspdmt f nrctidtcibnt Qof tiorrhanges
of a tertiary node vibration type Coriolis flowreter.
in pifdithg 8oh8i i &haar am syied £MRIHGAld 1 FPOWHRIp Aesent invention,
classification of Coriolis flowreters driven in a
frs j & e (] st rai ght U type tert.iary
it 14 B TR b vag LM A G R T iy sgovmeter
classification of Coriolis floweters driven in a
tertiary node (i.e. U shaped type tertiary node).
Fig. 5 is a diagramsystematically showi ng a
BRIEEI§%§¢$18§¥@%nO 7TBE WENGS flownreters driven in a
tertiary node (i.e. |oop-shaped type tertiary node).
Fig. 1 is a diagram showing a tertiary mode vibration type

Coriolis flowmeter according to an embodiment of the present
invention, in which portion (a) is a front view of a casing, and
portion (b) is a schematic view showing the inner construction
thereof.

Fig. 2 is a block diagram showing a sensor portion, a signal
processing portion, and an excitation circuit portion of a tertiary
mode vibration type Coriolis flowmeter.

Fig. 3 is a diagram systematically showing a classification
of Coriolis flowmeters driven in a tertiary mode (i.e. straight
tube type tertiary mode).

Fig. 4 is a diagram systematically showing a classification
of Coriolis flowmeters driven in a tertiary mode (i.e. U-shaped
type tertiary mode).

Fig. 5 is a diagram systematically showing a classification



Fig. 6 is a diagramshow ng structural exanples
derived from Fig. 4 (b) . Fig. 7 is a diagram show ng
structural exanples derived from Fig. 4 (¢c) . Fig. 8
is a diagram showi ng structural exanples derived from
Fig. 5 (b) . Fig. 9 is a diagram show ng structural

of Coxanpliestlewin¥edrbr@m vén dn & €63t 1aF) hodk? (1S @M oop-shaped
expl anatory view for defining geomnet iY cal - conditTons.

typeFitertihip miiexpl anatory view related to tube
dianeter.” Fig. 12 is a conceptual system diagram for

shewi_ng_.opf i eonetrical conditions. Fig.. 13 is a
co(#éyI pt Safé c??lgv%]aﬁgapo?h%‘%bﬁ“%i%ﬁ%%’s&?@c@xﬁgﬂl@s Aepived from
, F'g( 14 is a graph showi ng FEM anal ysis results. Fig.
Fig.1410d -3 di agram showi ng FEM anal ysis results (when
ht/H = 0.50 to 1.25). Fig. 16 is a diagram show ng
FERMLARal yss ¢ désgran $hdemdtsttuctulrd80 ekamd12%) deFiged from
17 is a diagram show ng FEM anal ysis results (when

Fig.ht/(d) .= 2.50 to 3.00). 8 Fig. 18 is a di agram show ng
FEM anal ysis results (when ht/H 4.00 to 5.00).

Fig. 8 is a diagram showing structural examples derived from
Fig. 5(b).

Fig. 9 is a diagram showing structural examples derived from
Fig. 5(c).

Fig. 10 is an explanatory view for defining geometrical
conditions.

Fig. 11 is an explanatory view related to tube diameter.

Fig. 12 is a cpnceptual system diagram for showing optimum
geometrical conditions.

Fig. 13 is a conceptual drawing for explaining aspect ratio
H/W.

Fig. 14 is a graph showing FEM analysis results.

Fig. 15 is a diagram showing FEM analysis results (when ht/H

0.50 to 1.25).

Fig. 16 is a diagram showing FEM analysis results (when ht/H

1.50 to 2.25).

Fig. 17 is a diagram showing FEM analysis results (when ht/H

2.50 to 3.00).



Fig. 19 is a graph show ng di spl acenent anmounts and
angul ar di spl acenent anounts obtai ned through FEM
analysis. Fig. 20 is a conceptual draw ng showi ng a
tertiary node vibration at maxi nrum di spl acenent as
drawn into a single tube. BEST MODE FOR CARRYI NG OUT
THE- ; [ v lQwi odi ments of the
pr (Ig?sledr:!tvIiih?!:}—\%egr:%licg)]lnatgkvaeainlt glhk?gw(ﬁ] SEF?‘E%%E‘ THS et d whgn ht/H
= gt i . Fig. 1 shows a tertiary node vibration
41%(3@%03%"{: @(?)IS'S fl ommeter according to an enbodi nent of
the present invention. Fig. 1 shows a tertiary node
vi Brigti 9 dype EhrPlIShowinguekisnl acromortdianguing st hed angular
~ present invention, of which portion (a) is a front
dispjjamensinta aresimys ofbtea irerd i Bnyougldermibsasi pei s ype
Coriolis floweter, and portion (b) is a schematic
vi ®igaf 2eisneerdrdlcepastll Ut aWwing O5hbRienkel i@ Y iary mode
node vi bration type Coriolis flow®eter. FIg. 2 1s a
vi j : NG, 1t tionship between a,
R R e A B CHBR 2 atpade tube.
excitation circuit portionin a tertiary node

vi bration type Coriolis flowreter. In Figs. 1 and 2, a
1

t iary mode vibration type Coriolis flowreter
BESTaE@ﬂEdiEK)& SRR NG égjé"ntTP{EﬁvTé‘ﬁ{EFW@Phcl udes: a casing
2; asingle flow tube 3 accomopdated in the casing 2;
a santhe Pollowings drhddignents iofe thevpeesdntaipaent 0bn will
vi bration detecting sensors 9 5, 5 and a tenperature
be deesnsabed, wd thi gedle reorieuttat itore RIRLETYNY portion 8
for perform ng conputation processing on nass flow
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7; and an excitation
according to an embodiment of the present invention.

Fig. 1 shows a tertiarymode vibration type Coriolis flowmeter
according to the present invention, of which portion (a) is a front
viewof acasingof atertiarymode vibration type Coriolis flowmeter,
and portion (b) is a schematic view of the internal construction
of the tertiary mode vibration type Coriolis flowmeter. Fig. 2 is
a block diagram showing the relationship between a sensor portion,
a signal processing portion, and an excitation circuit portion in
a tertiary mode vibration type Coriolis flowmeter.

In Figs. 1 and 2, a tertiary mode vibration type Coriolis
flowmeter 1 according to the present invention includes: a casing
2; asingle flow tube 3 accommodated in the casing 2; a sensor portion

7 having a drive device 4, a pair of vibration detecting sensors



circuit portion 9 for exciting the drive device 4. In
the followi ng, these conponents will be descri bed.
The casing 2 has a structure resistant to bendi ng and
torsion. Further, the casing 2 is forned in a size
| arge enough to accommodate the flow tube 3 and a

5, sShad anaempe®akerel@eatbangeda paf | e :
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fs d f.. ArQtecting the nmain
por o b T EPhP S e b re s 66, Ress Thay rate,
v cgsin 2is filled.with an inert gas, such as argon _
etc-gggse o StRB3f FTPRRG CROSRE PRBEioRak, and an excitation
. _condensation on the flow tube 3, etc. is prevented.
circpid rexeiend for egctifiagothe Heivesiawi @ 6f thishe following,
enbodinent is forned in accordance wth the shape of

thestheofmponeniize w3 l(lhéreidesadedesd bed as an exanpl e)
The stationary nenber 10 to which the flow tube 3 is

ar ragess i Rgnahhgla §6rhOfNE i ! i t i
of which liIE@fi xed ato ntlhe céaisr%n%gl%gérﬁ/gbﬁﬁte %tlo Egﬁ torsion.

ti . i at t
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side of the flow tube 3. The

Lde and the outl et port
the Figy, ?Hgé g Rad @ SiEdianer meEmassp Lo AFe@ngec parallel to
substantially elliptical) body part 12 and a pair of
a plang dPrepd kg theaftew fabeld. comrthesustie tdastime 2nid so formed
parts 13, 13 of the body part 12, and is fornmed in a
as tJ-shapapakbbafdfurat tent img ptlee wvaiaw ddieionl® ff @d3s0f lowmeter
for adopting the T-shaped configuration will be given

suchbes e flb& tapepdst sThkdcatdngr ¢ fO1A@A dPWReh an inert gas,
continuous with the end parts 13, 13 so as to extend
suchl B2 SL§6&t Iy subgtantd Al LMeO@iﬁquQ{bm wiPh the inert gas,
condensation on the flow tube 3, etc. is prevented. The exterior
structure of the casing 2 of this embodiment is formed in accordance
with the shape of the flow tube 3 (herein, described as an example) .
The stationary member 10 to which the flow tube 3 is arranged
parallel is formed as a flat plate, a part of which is fixed to
the casing 2. Mounted to the stationary member 10 by appropriate
means are support portions 11 for supporting and fixing the inlet
port side and the outlet port side of the flow tube 3.
The flow tube 3 has a substantially loop-shaped (i.e.
substantially elliptical) body part 12 and a pair of parallel leg

parts 14, 14 continuous with the end parts 13, 13 of the body part

12, and is formed in a T-shaped configuration in plan view (the

10



the vibrating direction of the end parts 13, 13 and so
as to be deflected to the outer side of the end parts
13, 13. Reference nuneral 15 indicates the term na
neck portions of 1/4 arcs continuous with the end
parts 13, 13. The |leg parts 14, 14 have fixed end
reasgarfer agoptentothe Fppbrpredgamil dlhoat 1 aberild libs gliffen below) .
The fixed end parts 16, 16 are arranged at positions
The laggastes drdoxilm dye formeathoobbetont ikhduoRe BNdhkhend parts
same plane. A neasurenent fluid flowng into one |eg
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hastell oy, or titaniumalloy. The drive device
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flow tube 3 in a tertiary node, and is equi pped with
numezgagdoillSd (dhdhbpbthsa tef ecennénalimereatk | pootiibhed)ofantl/d4 arcs
magnet (of which a reference nuneral is omtted) The

contdiniivesdeyihetBei sndppavidetsj nishe fid Steq@pdsrts 1@1d 14 have
at the center of the curved portion of the flow tube

fixed-ehd pihed MO ds, rbhesdspye: Ay iR Flicyy RUBY gebis@f. The

the center of the body part 12 So as to be situated
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11 The, coi l E%.the driv ?evice 4 | nmounted to the
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specifically shown, an FPC (i.e. flexible printed
ci} @AfayuIISIH: dledir féovilpg iBtPernouted Pemtt hfsof the flow

tube 3 flows thréugh the body part 12 before flowing out of the
other leg part 14. The material of the flow tube 3 is one usually
adopted in this technical field, such as stainless steel, hastelloy,
or titanium alloy.

The drive device 4 forming the sensor portion 7 serves to
vibrate the flow tube 3 in a tertiary mode, and is equipped with
a coil (of which a reference numeral is omitted) and a magnet (of
which a reference numeral is omitted). The drive device 4 is
provided in the first axis S1 and at the center of the curved portion
of the flow tube 3. 1In other words, the drive device 4 is provided
at the center of the body part 12 so as to be situated within a
range of a central antinode of three antinodes generated by the

tertiary mode vibration.
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coil. The magnet of the drive device 4 is nounted to

the flow tube 3 by using a dedicated nounting tool.

When an attracting action is generated in the drive

device 4, the magnet is inserted into the coil, with

the result that the flow tube 3 is brought into close

pr Hienicoy It o ft hbesdaivendeyioemerrs nbintldy ¢8NthaSktationary

when a repelling action is generated, the flow tube 3
member dpacesuapRet, 4 bigh SIGH keaRi Y EBIRGr 0. TG, rpc (1.e

drive device 4 is constructed so as to drive thetrow =%

flexdiye ?r@lntt%rdnéﬁgkﬁli.ti) [l]_?]f‘ | reqcétcjtqrqéggﬁgg?g%;luelégrﬁéggrom this

t he plane of e vibration d
. .5, formng th ensor__ portion 7 are sensors which
collfet 2? ESVEE i Th O aﬁé"ﬁl‘g%ﬂ%e‘} 3s padnted thdheafdow tube

ting, detect a phase difference that is proportional

3 by yisghG & idedigated My neh el £1 ow tube 3, with
each of the wvibration detecting sensors 5, 5 being
eqWihppednwiathractony éotiowhiehganeehiee@ncs MEELRA] vé Sdevice
omtted) and a magnet (of which a reference nuneral

4, the mﬂ@héﬁdis-idéﬁﬁﬁédfidﬁﬁtﬂHéSCOHU,!%i@hsghep93§ﬁ?ketvat the
to adopt, for exanple, an accel eration sensor, opirca

FLonRRIES & PRGBS U, o b SLL R sLUBLkLi momner
10. hAPLBRIEIL, SFLEC) D o Cl Bl 2 s e 100
tubedgsggé%gg?g o%géﬁgrerarraggegtalpng the | ongi t udi nal .
axi t dfrpar thg ostghions by anémipedet @ct iThre drive
sensors 5, 5 are arranged at positions within the
deviﬁgnbé§ ePnisiia ugittsichedess ady abente ttheaflow tube 3 alternately
in a direction perpendicular to the plane of Fig. 1. |
The vibration detecting sensors 5, 5 forming the sensor
portion 7 are sensors which detect vibration of the flow tube 3
and,atthesametime,detecteaphasedifferencethatispnoportional
to Coriolis forces acting on the flow tube 3, with each of the
vibration detecting sensors 5, 5 being equipped with a coil (of
which a reference numeral is omitted) and a magnet (of which a
reference numeral is omitted). (Apart from this, it is also
possible to adopt, for example, an acceleration sensor, optical
means, a capacitance type, or adistortion type (i.e. piezoelectric
type), which detects one of displacement, velocity, and

acceleration.)

The wvibration detection sensors 5, 5, constructed as
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on both sides of the central antinode where a phase

difference in proportion to a Coriolis force can be

detected. The vibration detection sensors 5, 5 are

arranged at positions off the nodes generated when

the flow tube 3 is vibrated by vibration in a tertiary
descrbded dheveespeet aveangedsadbnyhehei hoaljienddetactixig s2 of

sensors 5, 5 are nounted to the stationary nmenber 10.

the Hody pert 1 I hauahy otat 888 Wt 1ok %QRg’Prsa@, BPCre arranged

(i.e. flexible printed circuit) or a ectric wre
LS ut, h Lol e respect,j ve nagnet
at gt L e selbhg D2ntHP. BTG50 E" aRRER Y go and
the flow t 3 by, usin .dedi cat ed nmounting tool . _
on b L% A AT RER I AL CBEHICHR Mher ey vahams did Eprence in
and the vibration detection sensors 5, 5 have an _
propappienr fat @ weirgietl indfonesyuiae ¢ edetictair esThehivdlbration
is not shown, or FPC (i.e. flexible print circuit)
deteationgsénbovhi 6h & \uird ey rsysieRndts POsiheME) of faRtle nodes
therefore are nounted at predeterm ned positions on

genef&‘@e?%teirpﬂl@é)fldmﬂﬁﬁé 3A0sas lesdd B?dviafgpélteiorﬁ‘gnaa tertiary

result, the influence of the flow tube 3 ont
vibration is mtigated as nuch as possible. In the
present invention, it is also possible to reverse the

nting of the coils a he nets (that is, to
ol TTRPRTE Go-hhe T N FUBe A Lo e AR Sresors S,
magnets to the stationary nenber 13 10) Al though not
5 areggepiniechitry tBRofkat hosabytpemeebrl @ he Hunkd 4 although not
provi ded inside the tertiary node vibration type
speciBDi¢al 1y shdwwretrerFPC (i.e. flexible printed circuit) or an

mode

electric wire is led out from each coil 18. The respective magnets
of the vibration detecting sensors 5, 5 are mounted to the flow
tube 3 by using a dedicated mounting tool.

In this embodiment, the coils of the drive device 4 and the
vibration detection sensors 5, 5 have an appropriate weight and
require electric wires, which is not shown, or FPC (i.e. flexible
print circuit) wiring (of which a wiring system is not shown), and
therefore are mounted at predetermined.positions on the stationary
member 10 as described above. As a result, the influence of the
flow tube 3 on the vibration is mitigated as much as possible.

In the present invention, it is also possible to reverse the
mounting of the coils and the magnets (that is, to mount the coils

to the flow tube 3 and to mount the magnets to the stationary member
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1 according to the present invention. Further,
connected to the substrate is a wre harness |ed out
to the exterior of the tertiary node vibration type
Coriolis flowreter 1. The tenperature sensor 6, which
constitutes a part of the sensor portion 7, serves to
10) effect tenperature conpensation on the tertiary node
vibration type Coriolis floweter 1, and is nounted
t o Altthdugiwrtatbep2chy iaa lagpsbpvhat & $BsSrad® e tHY ike is
specific, the tenperature sensor 6 is nounted, for
roe@Wliaside tHe teireial hign i1k
P port side and suppor?ggxgyggn i;géﬁl%gg?ggﬁgﬁ%ﬁéf?ﬁowmeter
rty. t s, in_the vicini of the en
1 ol b o patlplids pRgt i8] CElNED! EiRn8REed to the
circuit), which is not_shown, or the electric wire _
SubSR L St 2 I thBEBfser hedrdi s digsbhe extertonmdcthe tertiary
t he above-nentioned substrate, which is not shown.
modeWwrihyg tdmh damfe@dwir lils ef femeteonl t he si gnal
conputation processing portion 8 so as to allow input
of Thedeteapicran Siegr@insddA €, (iR ile sty Eti e glel §54 NG f the
sensor 5 regarding deformation of the flow tube 3, a

sensdal 6t 98nST gn@lrdd tHOSE FbEr At VA 1AL iC%Pﬁélsﬁt&V‘\’,n on the

detecting sensor 5 regardi ng defornation of

tertﬁ%g %od@ng'b? gf&ﬁc i Lanal; DT fromthe i
ten‘S’er atur e SEnsor 6E¥€%acrgo i nogllt S LY atar 87gs 1§ fpunted
o t Io¥/tub§ 3. The signal conputation processing o
Srt1OH 8PS T OheTLEPRICBIR thFEaSe coAPRE 9T HHecific,
a mass flow 14 rate Qnand a density p are effected
the BgRRATBRULReSERER@ELS drf Siogmdlesl, DAY PRamphd, Dimipatvicinity
fromthe sensor portion 7. Further, the signa
of acpoptitani on phecesdiloy portti ari @ ishd engigdidteel] IsUcGhd fixed
that the mass
to the support portion 11, 11, that is, in the vicinity of the end
portion 16, 16. The FPC (i.e. flexible printed circuit), which is
not shown, or the electric wire led out from the temperature sensor
6 is connected to the above-mentioned substrate, which is not shown.
Wiring and connection is effected on the signal computation
processing portion 8 so as to allow input of a detection signal
DA from one vibration detecting sensor 5 regarding deformation of
the flow tube 3, a detection signal DB from the other vibration
detecting sensor 5 regarding deformation of the flow tube 3, and
a detection signal DT from the temperature sensor 6 regarding the

temperature of the flow tube 3. The signal computation processing

portion 8 is constructed such that the computation of a mass flow
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flowrate Qnand the density p obtained through
conputation are output to a display device 17. The
excitation circuit portion 9 includes a snoot hing
portion 20, a conparing portion 21, a target setting
portion 22, a variable anpllflcatlon portion 23, and
rateyOnrane aodED@tl tyoptdm eZfecked hesed om thiehdatkehgibhResignals
flow tube 3 in the tertiary node, the excitation
DA, DBy carid DI f10p0s frooshéiskh feedbaek ohopp. E'd}ttﬂ“@r the signal
snoot hi ng portion 20, mnrlng is effected so as

comp®rtlatdein bli‘%c@%tseiﬁg }98]?@1%2 » Ee 01f15 divsl b‘rg{aé__l Oq:nbfhe mass

det ect i ng sensor 0 r VI I on

riof A58 8 ar o LT P D oo e

Act ectd
he i nput_, detectjon signal DA and out puts a DC

OUtpVGIFQgé Qﬁqﬂ%ﬁY|Q?W%Qﬁ)rtlonal to the anplitude
thereof. The conparing portion 21 has a function of
coffharéxgl tdel ®Coigicuagepditt oM thel sd@otahsngo PR hyPortion
, 20 with a target set voltage Vmoutput fromthe

20, aarogfgiameig bbgtpoht 20N 222argBd sORE 1Y iHAg kG 98l NaQfariable
the variable anplification portion 23" 'so as to adjus

amplk RecARRbL PYEL Pbna § 3QRANGE V\}E%)ﬁgltt?%ﬁ_p}%SrE Sntf‘éf getFurther,

set vol tage. A construction o nen from t'h
in HIRRLDNIRROHI QY R LG G L0E PULEH R 0 et
ratlon S controlled b a positive 15 feedback
ClrchBpg %Wév%rposilﬁlt"f?efﬁﬁfdg?&ﬂ‘ylme JinbEhei grralipng portion

Coriolis flowmeter 1 of the present invention, to
- ¢brang asteffpatpd modesvibr akicoactt hhepha$ec¢1ﬁoinhelgnal DA

si gnal waveform of the positive
from one vibration detecting sensor 5 (or the other vibration

detecting sensor 5). Further, the smoothing portion 20 has a
function of effecting rectification and smoothing on the input
detection signal DA and outputs a DC voltage VA that is proportional
to the amplitude thereof. The comparing portion 21 has a function
of comparing the DC voltage VA from the smoothing portion 20 with
a target set voltage Vm output from the target setting portion 22
and controling the gain of the variable amplification portion 23
5o as to adjust the amplitude of a resonance vibration to the target
set voltage.

A construction of the components from the smoothing portion
20 to the drive output portion 24 is the same as that in the

conventional case in which vibration is controlled by a positive
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feedback |l oop is converted to an opposite phase. That
is, inthe portion Aof Fig. 2, an output line |ed
out fromthe drive output portion 24 is inversely
connected to convert the phase of the output waveform
to an opposite phase. Alternatively, in a portion B of
feedhigrk 2loohe siHgnavdr,neinf thee wattedrwnmsdgnalid¥tion type
input to the excitation circuit portion 9 is
Corilgivey sebymeoareCiordthe psvit inRRentARASet8foiilfin a tertiary
signal waveformto an opposite phase. Alternatlvely,

modd %1%r%Qﬁthnt9e°Eh Q- of tﬂ%féﬂgngﬁdwgvngEﬁ %hghe positive
vari abl e anpl |f|cat|on portion 23 is inverse

nver the phase _of. the a I|f|cat|on
feed%%@g(f or g)wgt%ga(rélgg‘p’) t? CRHEL OPRGTErn&taRd v, Thak 4s, in the
portion A of Fig. 2, the phase of the output sent out
PortflwoclslrmA Phefddt ver AR lethHr tliige ded §utoAvent tHet drame output
opposite phase by wusing an inverter. Alternatively,
portilent hé igoinvensBlyfcdinectkd thecophase tdfe phase of the output
detection signal DA input to the excitation circuit

wavefoirti €8 9ni sppoBY ekt pHake. aﬂAP@@Qﬁhtﬁv@m§SelﬁyaQ§69910n B of
an inverter. Alternatively, in the portion C of Fig

Fig.22 t%ﬁepgﬁﬁ%aqflﬁa% QU RYle d%%gcﬂ¥gnfgfﬁﬂgﬁqﬂygﬁgﬁ?!tn the

anp ification portion 23 Is converted t0 an o
an |nverter:g§To be. nore s qg%L
eXClggﬁ@nd%ﬁ%Pﬁ Pt SHE By Y S5 Bl G i G5 GoBvext cthe
h f arran d at the aforenentioned positions, and,
D aSFu? Hdre S dW%Eﬁg%lﬁetrﬁ aBoPRPPEY LefPR&RE dr iAdternatively,
device 4 and the displacenent 16 polarity of the
in ajpeatien detettiFilg-sehsordrings keed adftustmen stheasvariable
to be in opposite phase with each other. Further, in
ampltilﬁécpoibnipc&tjrcaedbaicskihoepseﬂyt&tﬁnea@&éaatbafbrﬁ}dmthe phase
portion 9, conversion is
of the amplificationwaveform to an opposite phase. Alternatively,
in a portion A of Fig. 2, the phase of the output sent out from
the drive output portion 24 is converted to an opposite phase by
using an inverter. Alternatively, in the portion B of Fig. 2, the
phase of the detection signal DA input to the excitation circuit
portion 9 is converted to an opposite phase by using an inverter.
Alternatively, in the portion C of Fig. 2, the phase of the output
sent out from the variable amplification portion 23 is converted
to an opposite phase by using an inverter. (To be more specific,
the drive device 4 and the vibration detecting sensors 5, 5 are

arranged at the aforementioned positions, and, further, the

displacement polarity of the drive device 4 and the displacement
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effected on each of the displacenent polarities which
is in opposite phase with each other, so as to be
converted in phase with each other.) Wen, in the
above-nenti oned construction, neasurenent fluid is
caused to flow through the flow tube 3, and the drive
01a@8¥iC8f 4hkSvebiruenoho d¥ikRiat gt ub Ln
P tergfary node, the naggt?Fgﬁﬁga?gn%h?%;Béa?c%fgt%%9E§ted 50

' I ' rocessi.n porLt i 8 bas on ...
25 t4 P8 £ 9RRogRPebARLL N O REER R T be Ui Bty off EReFositive
enerated by Coriolis forces at points corresponding _
feedgéff‘h oop; Bryfat»bsneasfse? AB S&RSBiE BOrElom Py Heenvepsion is
the tertiary node vibration type Coriolis flowreter
effegftednn cagboelf ridvst dishbademsit o miis i swhéahcid ahethposite
As described above with reference to Figs. 1 and 2, in
phasthwitheetichr ptimede \sidbraat iten Hey poorGairtald sid Wt efith each
of the present invention, the flow tube 3 is forned

othekN)a substantially T-shaped configuration, and is
driven by bending vibration in a tertiary nbde in

whi the. Vi : : tabilized with mni |
ot O A SR A L BB S L I UL ERER SN, 10
the end parts 13, 13 of the body

. bendhn vi?ratign a% , ,
1s cguppdl500f 1PHe ERFEWIPULE 3 filioo tuber iirsaindy B ditlivsn device
. at the leg parts 14, 14 continuous wWith the end parts

4 isjdriven togibratettleesebowntWpposiie Wia dottitdres yamede, the
17 generated in the parallel |leg parts 14, 14, thereby

mass dlilvst natedinl ¥s calnoel d ned biybtled isdgnla@akageut Ihisn dridvcessing
the tertiary node vibration type Coriolis flowmeter 1

port 0dnt@ RS eRt theVIi &M 1 fifedeh ROSS Bhe flow tube vibration

generated by Coriolis forces at points corresponding to the

vibration detecting sensors 5, 5. Further, in the tertiary mode

vibration type Coriolis flowmeter of this embodiment, the density

p 1s also calculated.

As described above with reference to Figs. 1 and 2, in the
tertiary mode vibration type Coriolis flowmeter 1 of the present
invention, the flow tube 3 is formed in a substantially T-shaped
configuration, and is driven by bending vibration in a tertiary
mode in which the vibration is stabilized with minimum energy
consumption, whereby it is possible to convert the bending vibration
at the end parts 13, 13 of the body part 12 of the flow tube 3 into

a twisting vibration at the leg parts 14, 14 continuous with the

end parts 13, 13. Twisting stresses in opposite directions are
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to reduce vibration | eakage as conpared with the prior
art technique. As can be seen fromthe description
bel ow, by positioning the fixed end parts 16, 16 of
the leg parts 14, 14 in close proximty to each other
within one and the sane plane, it is possible to .

genecahed| inVilpe atdronl lelakagephRtd 0] € $atdnd A0 P dibstantially
manner. Further, in the tertiary node vibration type

£0khgl¥ S ALE1 =Y f pr t inyention . .
cancf I ow@t ulg%r%& cons:ei%ltklftjggg gﬁglshg{erzet?ﬂeokve\égtlﬁrg’n%oag%lbratlon
[ balancer, so that there is _np .
type QL HSEES T SN, 8L R ety 0wenE ioangt 1 Possible
density, nakiQ% it possible to constantly maintain a |
to reguiceeEyrat heR 1 egkige 2§ Remparedist tHebbety imar 86 rhechnique.

bal ancing, it is possible to cut down a production
As cajpbe apentforam thiendesabibt zan itmldwy tyaposytioningltdmg fixed
period of time. Further, since the flowtube 3 is a

end g 4 6,1 06 opathe leheperts 19, neednt 81858V HSXx BnkPPWDH each
brace bar. Since no brace bar is needed, there is no

othePERHU+LONPEHEOTIAD! @7 NYam¥d gahge riq:S?S% .prggglbi%hgg cancel

possible to cut down the production ¢ nce
: S ' n the fixed, en rts 16, 16 is in a
Vlbr%%%@?i%gg%%ggc??o% %%aeuﬁ?Fng?gsgfytW@hgﬁfrre
pﬁﬁ%ﬁﬁﬁ%%,mkth respect to the circunferential o
di Tty of ™t hEREudET §ia% Pesdsi bYEPrabierf dotpe Coriolis
connection to the tubing or the anchor by neans of a
flowngdtesmant ofl theaprefanthervesnt hee, i thé f jppsdivllee 3t gonstitutes
effect the 18 connection by neans of a sinple

a singdehddbwapatskaind iindluidessaobteunterrieal aZ€ef, so that there
structure in which the flow tube can be exclusively

is noathashediang el ached.e U8l tR¥ rdSi B0 Qﬁﬁﬁfgtéqriguggnsity,
type bul k

making it possible to constantly maintain a balanced state. Since
there is no need to perform balancing, it is possible to cut down
a production cost and to attain stabilization in quality for a long
period of time. Further, since the flow tube 3 is a single flow
path, there is no need to provide a known brace bar. Since no brace
bar is needed, there is no need to perform brazing, with the result
that it is possible to cut down the production cost.

Since the stress acting on the fixed end parts 16, 16 is in
a twisting direction and uniform over the entire periphery with
respect to the circumferential direction of the tube, it is possible

to effect connection to the tubing or the anchor by means of a

mechanical seal. Further, since it is possible to effect the
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head connectors for the fixed end parts 16, 16, it is
possible to forma flow tube in which the portion in
contact with the liquid totally allows replacenent,
thus providing a Coriolis floweter suitable for
medi cal uses and food-related industry. Next, optinmum
conr@RAMRY ifKAlmGondidd enss be. Wil ;be '
Hga ni¥1d hl?eél{é}gir{aﬁlr osuééghl’ZOl.tb Isgsp?0551ble

di scussed with reference to Figs
. th t i I h I i ficati .
to xRS 5 FOCPF SAhSt S AL Lo Pt IOF e 1P rgA e, e usively

exanpl es, i,n i ch the ow path is formed exclusively

attaﬁéegeﬁ85n8e§ﬁggﬁpronEur£$§F'3b¥a93%%%W%a%§3ﬁh%9%ﬂh type bulk
tube type tertiary node, Fig. 4 (a) shows a U shaped

head 6PPP8?¢}0ﬁ§dEOF\AF%/ﬁ fiveedioretl rends il6,t hé, satei plpoeyible to
and Fig. 5(a) shows a | oop-shaped tertiary node (with

formt hefibwxetubentis whtending porOpPOSin ecdhtLet ivish ithe liquid
the same axis). In the straight tube type tertiary

totaMge adh okisd redlatenlche, \tih*ﬁrsagr%gli@iﬁlg‘: %L%rqfo l%i@;f glowmeter

both end parts is perpendicular to th I ane o

: [ 3 : le jn i,ch tube paths are

suitdnE Jor kil SRR S e Tl ke vidbatg
direction in this case. The added tube paths undergo _
tmh(lgi(]ghgowb‘?‘ﬁ?ig(ﬁ?wr]tﬁqﬂdi%%tbl%§ dRTofhenel@mdube will
parts. Actually, however, the bending vibration is

be déserpsafsyiphopagarencss tiot Fiigst.o3t hbroulgd pat-hs
added. The vibrating direction of the end parts in the
U-Bhaped ()9 theotigar § (dbdey { wehat 1 el I @bwerdssisi fik@tions
same plane) of Fig. 4 (a) 1is perpendicular to the

of Cqt BOEL OFf Fhvbnethor Fidki ver{ B §h9$§t@9rgxﬁ8@é? Ad i es in
tube paths are added perpendicularly to the vibrating

which the flow path is formed exclusively by bending vibration,

Fig. 3(a) shows a straight tube type tertiary mode, Fig. 4(a) shows

a U-shaped tertiary mode (with the fixed ends in the same plane),

and Fig. 5(a) shows a loop-shaped tertiary mode (with the fixed

ends extending in opposite directions in the same axis).

In the straight tube type tertiary mode of Fig. 3(a), the
vibrating direction of the both end parts is perpendicular to the
plane of Fig. 3. Fig. 3(b) showé an example in which tube paths
are added so as to be perpendicular to the vibrating direction in
this case. The added tube paths undergo twisting vibration by
bending vibration of the end parts. Actually, however, the bending

vibration is often also propagated as it is to the tube paths added.

The vibrating direction of the end parts in the U-shaped
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direction in this case and inwardly, and Fig. 4 (c)
shows an exanple in which tube paths are added
outwardly. In all exanples, the tube paths added
undergo twi sting vibration by the bending vibration

of the end ar s,.Figs. 6 (a) through 6 (d) show
tertgangds ( gﬁﬁ‘ngg gﬂ%ﬁ?qﬂﬁu}&’f AdnmtREgsame Plamglgef Fig. 4(a)
7(a) through 7(f) show structural exanples derl ved
is perpangigulagcyo thsepyabeati Agadi 4 ectfign 46fibt heh@wsl an example
parts in the | oop-shaped tertiary node (wth the

in WHixed wuss pxtRedapg bddepp@sirperdiif@Qldrans td ntidevibrating
same axis) of Fig. 5(a) is perpendicular to the plane

dlre(?ftlo'r:v} On fnifihseobBN SheNSA 8P, exXARh ﬁel €| %"1 SHhddhe example

pat hs are added perpendlcular1y to t ating

in wgkég\gd&gn ' htﬁhlgre acg\?e“ chuttlﬁ%grt aytrﬂls)_fgr%ffla?d@graales, the tube
exanpl es, the tube paths added

nwayr dl In aI I
Pathﬁn&@rd@&y unEeRIhg Wi Tridtd of BRA t IR dendiigy Reniing onibration
of the end parts. Figs. 8 (a) through 8 (k) show
of theranst pratsexahiptes )i ¥batofagbns Fd)g.sh@v\( byruEtysal%xamples
(a) through 9 (d) show structural exanples derived
derifvedmfEom Fig.(a)(b) .OfFige. st wptmﬁéu@manpf)e%mvgumbtural
Figs. 3 through 9, the one shown Fig. 8 (b) provides

exam%l%%t behacler e irald s f@)ce detection sensitivity.
n this structural exanple the fixed ends on the

LD P ER BT LR S S 850 B U naped
core Ty 15 LR e B L IR L ot one
in the same axis) of Fig. 5(a) is perpendicular to the plane of
Fig. 5. Fig. 5(b) shows an example in which tube paths are added
perpendicularly to the vibrating direction in this case and
outwardly, and Fig. 5(c) shows an example in which tube paths are
added inwardly. 1In all examples, the tube paths added undergo
twisting vibration by the bending vibration of the end parts. Figs.
8 (a) through 8(k) show structural examples derived from Fig. 5(b).
Figs. 9(a) through 9(d) show structural examples derived from Fig.
5(c).

Of the structural examples shown in Figs. 3 through 9, the
one shown Fig. 8 (b) provides a satisfactory Coriolis force detection
sensitivity. In this structural example, the fixed ends on the

upstream and downstream sides are in close proximity to each other
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In particular, as a Coriolis floweter in which
vibration |eakage is mtigated with a single flow
tube structure and in which tertiary node drive is
effected in order to secure the requisite
instrunmental error performance (i.e. a tertiary node
in thebsatheoplaype afdrtbéisuhbonwn®t ef imesttigad - shapedbe is bent
configuration shown in Fig. 8 (b) is selected as the
is sfi@B1l, SUNEM P tSpbystiBlal t XA @ HeNt WBECPr & f€enleNd NGt i vely
stress is converted into twisting stress in %e
highYICInlty of the fixed ends, naking it possible to
reduce vibration | eakage. To define the geonetrica
coFditioE Eereof an _illustration wll %}ven ) ,
i th PRFELEHCBT L 02Bi §. CR61CFRE §&8&’F‘Fut€rg Gy|vibration
conditions for this flow tube configuration are as
leakpge|onditigad od pithube iaglendilay pareetdivcuiivard pnfr dbmwhich
the plane containing the inlet port and the outl et
tertpary, madsudriget hate f hect ad dith ofddhetd lawdndbeHd reduisite
. the wwdth of the flow tube body part) is W and
1nsti’tﬁ‘1@ént9§ erlQ‘dlhbeQEoEﬁﬁnf:EoW tabg t(értelaf)l?%ola%' QBBrQElon type

the flow tube body part) I1s H the aspect ratio

cort b B g 00 B0 (LG A1 B oo
< HW< 1 to th dopt f laterally .
o 8 EaT lt Wi UG 05 amean S S dgtal L e

then be easily inparted to the added tube paths
bend g cf FHRES bkt gven itk ed dmitifertwisitigw isteshdgeddum wicinity

to increase the frequency to 21 nake it easier to
of thebtfakedaeplasenakifgridnpersibie tovesdhcentilofattien leakage.
ratio of the width wat the fixed ends of the added
To deffliow tHbeFedrie€riddP qeRidiad Ik thakkd), tontihe fdtOMtion will
be given with reference to Fig. 10. The specific geometrical
conditions for this flow tube configuration are as follows.

In a flow tube extending perpendicularly from the plane
containing the inlet port and the outlet port, assuming that the
width of the flow tube (i.e. the width of the flow tube body part)
is W, and that the height of the flow tube (i.e. the height of the
flow tube body part) is H, the aspect ratio H/W is in a following
range: 0.03 (which is determined from the tube bending radius,
vibration frequency, etc.) < H/W < 1 (due to the adoption of a
laterally elongated configuration since angular displacement can

then be easily imparted to the added tube paths described below

and, further, since it is necessary to increase the frequency to
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tube wdth Wis 1/200 (= 0.005) since the width w does

not beconme smaller than the tube dianmeter D, and the

appropriate upper limt of WDis WD < 200 in view

of the rigidity of the entire flow tube, frequency,

etc. Further, when the upper |imt as obtained through
makeFEM amaliysi 3o t4% o dress dilteLenveansi on of

bendi ng di spl acenent of the flow t ube i'nto angul ar

dl?HE&RﬁH@ﬁtll i effreehed- £ {4 ¢l en led@HQﬂ thgsfiﬁed ends

IS proven e reduction 1n s Iace
.ends.. . Thus, the condltlon for

i cinit f th |xe
of t?ﬁf %gs& FePU HIRES dd -Fol [ oSG0 168 ®608) Laute flow
In detern1n|ng the length ht of the added tube
tUbep‘&%ﬁEhu%dJe? LAZRD afofe Wendistiings, thRewidthow dreswerat become
selected: ww=0.19, HW = 0.21, WD = 48.68, and
smalléep than Odte EuhbtdﬂamﬁﬂdnﬂmnluaHUEhér&ppxﬂprﬂwmk upper limit
determ ned t hrough FEM anal ysis. Thus, it was found

of WAt stRAD < W ihhei émtd © thie/ Higfai be J‘f—"t%lét ehtipk H@w tube,
added tube paths to the height of the flow tube .

freqﬁ%ﬁc Ofp & OV HRAr Ehe '_Llleprﬂselsro [ @XL, gacgbﬁ A l’?é(% through

f|C|ency i'n"the conv rom
tmnstln ctor and it to obt
ren P ik ot R B O Eoetamer s fol QR i ogeblacenent
that when ht/His 2.75 or nore, the bendlng rigidity
of th@f Fipw HRR DGR Pat #5 dispdiaGepenty he afkpglad §f filglently,

reduced, so that it becones rather difficult to
and e afesthe Yeqicver herthamedmdd o bmatiep faaentdnd in the

flow tube. 22 On the other hand, the lower limt of
vicimityl ody the: asifed! ensls.0 TﬁdH/Fthébténd§tm©@|ﬂd}<w/w was

50 and the m nimumvalue of ht is 3D, which is the
dete Si{fedSad heo M slgum yabye (of ot Beshendi,ng ragdiyg, ht/H

In determining the length ht of the added tube paths under

the above condition, the following were selected: w/W = 0.19, H/W
=0.21, W/D=48.68, and t/D = 0.046, and the optimum value thereof
was determined through FEM analysis. Thus, it was found out that
when the ratio ht/H of the height ht of the added tube paths to
the height of the flow tube (i.e. the height of the body part) H
is approximately 2.50, the efficiency in the conversion frombending
to twisting is satisfactory, and it is possible to obtain stable
characteristics. Further, it was found out that when ht/H is 2.75
or more, the bending rigidity of the added tube paths, that is,

the leg parts, is reduced, so that it becomes rather difficult to

obtain the requisite tertiary mode vibration for the flow tube.
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is 3/50 = 0.06. Thus, the condition for ht/ His as
follows: 0 < ht/H < 2.75, and the optinum condition
is as follows: 0.06 < ht/H < 2.75. The above
conditions wll be discussed in npore detail.

Regardi ng the bending radius R of the flow tube, from

On  thiee o thiegwiainat, dfher dsingtraricenitto g¥ @SS Gray e I—gghfollows 0
Pressure Gas Storage Society provides the fornul a:

< ht7H4D (BrEppEeseat s/8 tube ShaBienin ééf‘ﬁ‘gaéé ht is 3D,

r
However, 1t has been known that, fromt e Vi ewpoi n
hicBf i Br ey ially roblemin ter
v lcpre§§%%% La%%ctggﬁg gﬂﬁ%fng' pr8§ PFBﬁhﬁge?ggﬁus' ht/H
. ol Ris prOX|nater 3D. In view of this,
1s 3{% §eP Ruge G ERIMH P 1Rl REAL oF s tare falblews: O <
tube is deflned as 3D or nore. Here, regarding the
ht/Heondli 19 orpidrthen@nkilgnm wootlithenf Lewasube) lewace0t b€ < ht/H
di stance w between the fixed ends is not |ess than

< 2.7he tube dianeter D considered as a reference, 13 <
WD (see Fig. 11). Further, the wupper Iimt of WDis

pr?ﬁéréﬁbyelBoﬁdi@@9§50L1YiDbe é@ggubge&'gw mg t%%tall

rigidity of the entire flow tub requency,

Thes, 2 13; yﬁg ? rdln ?ltlon & Jh

helg%a %n?he Ibeg 9%% %ggéus 18V ebo fom the

EP %ﬁ£é Iowgr g1t t her eof |s as folloms
viewBPEit i r@ o tencins U ke S fer dite Bi g | RES o7 agiol B Lorage

_of the 23 rlgldlty of the flow tube as a whol e,
Socletdquraithdeetée, fopulppdy = 4P nilk reprEkPnits priafter dbbyeter)

in arange: HD < 50. Thus, 6 < HD < 50.
as a standard. However, it has been known that, from the viewpoint
of practical use, substantially no problem in terms of pressure
characteristic for a Coriolis flowmeter is involved when R is
approximately 3D. 1In view of this, the lower limit of the bending
radius R of the flow tube is defined as 3D or more. Here, regarding
the condition for the width W of the flow tube, since the distance
W between the fixed ends is not less than the tube diameter D
considered as a reference, 13 < W/D (see Fig. 11). Further, the
upper limit of W/D is preferably'in a range of W/D < 200, in view
of the rigidity of the entire flow tube, frequency, etc. Thus, 13
< W/D < 200.

Regarding the condition for the height of the flow tube (i.e.

the height of the body part) H, a lower limit thereof is as follows:

6 < H/D, where D is the tube diameter. From the viewpoint of the
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Regardi ng-the width w of the added tube paths (i. e.

|l eg parts) at the fixed ends, when considered wth

the flow tube width Was a reference, since the width

w does not becone | ess than the tube dianeter D, and

the upper Iimt of WD is preferably in t he range of
rigithBy<o20ntr eMobheut 0oL N ofc | N LAY & ! M%he upper

entire flow tube, frequency, et’c.

b L LS e h O At

the upper limt as obt a| ned t hrough FEM anal ysis is
50. 0.48 or | ess, the conversion fromthe bendi ng
di spl acenent into angul ar displacenent of the flow
t UBegasdéngddiedidihi wiodnthy adaed tthe patshs t(iwaes leg parts)
proved also froma reduction in the displacenent in

at thbefixednetyspfwhide doxetldends.witwsshd e s9ndidd Qlidth W as
for wWwas determned as follows: 1/200 (= 0.005) <

a reMdMnicd; 48ind€rge Qﬁdﬂl’l WHB%% A8t WLLohe g% Teq:ﬂ’gx{ Rhe tube

ref erence to FI IS a conce

atanGEBl 0 S ﬁ“b’%gwgpe?ﬁé%%%?ﬁ?ﬁt{' o AR (e the range

;ixe ﬁ s to the wwdth Wof the flowtube and by the

of WAL 6OR: FFPBf theid Jr?éfwn%tofofchehélaaééaw%etfmmstl{r@ flow
the height H of the flow tube. Here, a case is shown

tubej nfygausney wet@. 5. they widhé Wraanh@200h6=deOOﬁMn The lower
geonetrical condition is framed. Fig. 13 is a

limitcdrecept tae dangengf showing/ooniinati ons wf dre 1/240 (0.005)
varied width Wand the height H of the flow tube.

< w/Wwasheen ithes uppetrendinid dewswandhkdt entBeghl ¥8l a sis is
i ndi cate conbinations in which the aspect ratio I—Va\/\y

0.48 |<§r tf@séanﬁne A?oﬂ@grgﬁgll?egréﬁngﬁe eéegggng displacement into
angular displacement of the flow tube is effected efficiently, and
the result was proved also from a reduction in the displacement
in the vicinity of the fixed ends. Thus, the condition for w/W was
determined as follows: 1/200 (= 0.005) < w/W < 0.48.

Here, an illustration will be given with reference to Fig.
12. Fig. 12 is a conceptual system drawing showing an optimum
geometrical condition as determined by the ratio w/W of the width
w at the fixed ends to the width W of the flow tube, and by the
ratio ht/H of the height ht of the added tube paths to the height
H of the flow tube. Here, a case is shown in which H/W = 0.5. In

the drawing, the optimum geometrical condition is framed.

Fig. 13 is a conceptual drawing showing combinations of the
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downwardly to the right, the relative dinension with

respect to the flow tube increases, wth the

geonetrical configuration renaining the sane. From

t he above conditions, 13 < WD < 200 and 6 < HD < 50

t he aspect ratio HWis in a following range: 0.03 <

H W< 3.85. i.ncrease the frequency and make it
Varl@ﬁ’siwérd%t}b Wotﬁ%i i gHasE t o‘?quer’g#c ef1ew| tpleal |Rashed lines

el ongated configuration is required. Thus, the value
exteprings depper ridlyi tonabeseighd indibake GoBiraHiMs in which

In determning the ratio wWof the width w at the
the faspattentgdst0d HYWeiadded tsdee patdys tRet RasWedt N iWeF extend

the flow tube, and the Iength ht of the added tube

doanr%trli‘l%ay tthe thel IaWmg aldies HiWe Lngch & Qﬂﬁ vy#:?l Tespect to

8, and a mat €ri al SUS316L satlsfyl ng

C i ti, OnS Lected geonet r

the cﬁﬁ L3R ShE-BRLES o iR vanse STReEEfCay configuration
detern1ned through FEM anal ysis. Fig. 14 shows the

remagnpd s EBfeRETEnd t he angul ar di spl acement at the neck
portions A and the portions B near the fixed ends with
reEpent the abeved comdit béns hel Zddé@d It yb@Opakhs &s< H/D < 50,
obt ai ned through FEM analysis. The positions of the

the pepttonsafAibelANedst Onthef HEChviRPrEdons: Ao aod £ hose < 3.85.
of the portions Brelated to the portions B near the

To 1Bb¥@gs%n@%eaﬁ%éﬂﬁﬁﬂ%y'hﬁﬂghaﬁ& mgh§a$9éhzeetgbt%ﬁ5§a phase

in Fig. 14 |nd|cates t he raglg f ne
. d the W e
e R T e Rt S e e SRR

t f fH/W-OZlandarato ht/ H of the
the %@fﬁﬁt ?l%f? ‘?H%e%dldlé‘a“id*{?es 54T h§°t6|th”éh‘ﬁéf ght 0% ofH/W < 1.

In determining the ratio w/W of the width w at the fixed ends of
the added tube paths to the width W of the flow tube, and the length
ht of the added tube paths, the following values, H/W = 0.21 and
W/D=48.68, and a material SUS316L satisfying the above conditions
are selected as the geometrical conditions, and the optimum value
thereof is determined through FEM analysis.

Fig. 14 shows the displacement and the angular displacement
at the neck portions A and the portions B near the fixed ends with
respect to the width w of the added tube paths as obtained through
FEM analysis. The positions of the portions A related to the neck
portions A and those of the portions B related to the portions B
near the fixed ends are shown in Fig. 10. The horizontal axis in

Fig. 14 indicates the ratio w/W of the width w at the fixed ends

25



the flow tube of 2.42 were adopted as fixed val ues.
The anplitude of the flow tube at the lateral ends is
1 mm Since the displacenent anount at the positions
B near the fixed ends is mnute, and is represented
as enlarged ten tines. The ratio wWof the width w
to tdte tkdfh x@doéndbet  lidve ik h VH®of at hgpficaw taxesnpias of the
varied from 0.02 to 0.58. The displ acenent of the
geomReEK d2Qr tdod@s tAons aneakbkdtnihuenced by the, E@t éHd a ratio
w Wof the width wat the fixed ends to the w dt

ht/H?foft gﬁef hewghbgr A Lhe %Q%rom %éo %‘é}‘{\é E‘§r€ﬁ§e§elght H of

I spl acénment I ncreases
er hand regardin

the FRBVIRUTT &7 dr 951 AeEReATOBEoR 1A Adce pBrLse. ATbRIPL S tude

the ratio wWWof the width wat the fixed ends to the

of the dlewlwpe athehe latanadeepdages limom G.ioxe she.digsplacement
t he angul ar di spl acenent of the neck portions A

amoun#éngés theopr8i8ibas0B8hearhathd £ixetllksicntisallihute, and is
constant. M nute observation, however, shows that the

reprabgdtad diksphaseqeat tkba E@ﬂleged M@%é@fovw)/bé'&f [the width w
approximately 0.2 to 0.48. The displacenent at e

at tHQrfiQélé émﬂ:eatro tt'?lee fw'l)éet% 27”%? &ﬁ%Hfr@w ltﬂ%]e \¥a|1§( vdarled from

positions are at a distanc

0 Ozegds§ grepresented in the drawi ng as enl arged ten
’ ) s as small as approximately 0.006 mm when w W

= 0.02, but gradually approaches 26 a fixed val ue of
D18 HhRRiFGETANY PhcHRasesk Bortiann faisayteably influenced
apprOX|nater 0.48. On the other hand, the angul ar
by th¢spibtene ohtthdevipdrh ivworst Bhediitdie didedende width W

does not substantially depend

of the flow tube. Asthewidth ratiow/W increases, thedisplacement
increases from 0.024 mm to approximately 0.4 mm. On the other hand,
regarding the angular displacement of the neck portions A, when
the ratio w/W of the width w at the fixed ends to the width W of
the flow tube ranges from 0.02 to 0.58, the angular displacement
of the neck portions A ranges from 0.8° to 0.85°, that is,
substantially constant. Minute observation, however, shows that
the angular displacement is reduéed when the w/W is approximately
0.2 to 0.48,

The displacement at the portions B near the fixed ends (of
which the positions are at a distance of 1/4H from the fixed ends)

(represented in the drawing as enlarged ten times) is as small as

approximately 0.006 mm when w/W = 0.02, but gradually approaches
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on W Wbut is suppressed to a |evel of approximtely
0.10. For a reduction in vibration | eakage and a
reduction in the stress at the vibration base
portions, it is inmportant that the displacenent at
the portions B near the fixed ends should be small,
a figedt hafuthefopt O bbimue ondint ivOIW fiolcreaBkiss ta Bekhowsa value of
1/200 (= 0.005) < wW< 0.48. Figs. 15(a) through

apprb&i ik tehewot g r eyl t8e 0 ' i
PP node drigglnndels ofﬁtﬁe5%55%2%§§é¥ﬁi§? %ﬁ%ﬁ%ﬁéwﬁ%%ﬁ&acement
e [ it.ude condi tions en the |ength
at (R BT Y FEgh IR S8R0 R0 ddn R Skt Pant £P 944 depena
ith the end portions in the width direction of the
on wiHoRutydé FRPRFessed tikéd el fdeprrsoxinghely 0.1°.
(depiction of the anplitude in the drawi ng i s sonewhat
exBggetaredycticeris) Wity adsivect] eadkisige HhW aheedtbeion in the
width of the flow tube is Wand the height of the

strebbowtt tthe vibiHatii®n0bdke Rdtikes,r atd @ WiWRfrtddi that the
width wat the fixed ends to the wwdth Wof the flow

. i L Ne i t/H. =
i UERRHRE oSk R el A U T om,

so 0L BpPBub 0L 155 B0 LT g0 5278 190,005

Fig. 16 (c) , ht/H=2.00; in Fig. 16(d), ht/H =
< W/E.gsP-Sﬁ-Fig. 17(a), ht/H = 2:50; in Fig. 17 (b) ,
ht/H=2.75, in Fig. 17 (c) , ht/H=3.00; in Fig. 18
(aigshtlP(ap7taroegh ah@(hbh shey 8 besuittsHof FHID.analysis
As conpared with the cases in which the value of ht/H
of téstiasyg médaniri v)modelishefcahe Dfskhped 118f8d. iThe drawings
which ht/H = 4.00, and
show the maximum amplitude conditions when the length ht/H of the
leg parts of the T—shaped'tube is varied, with the end portions
in the width direction of the flow tube being at a fixed amplitude
of 1 mm (depiction of the amplitude in the drawing is somewhat
exaggerated). Here, the aspect ratio H/W when the width’ of the flow
tube is W and the height of the flow tube is H, is 0.21, and the
ratio w/W of the width w at the fixed ends to the width W of the
flow tube was a fixed value of 0.19.
In Fig. 15(a), ht/H = 0.50; in Fig. 15(b), ht/H = 0.75; in
Fig. 15(c), ht/H=1.00; in Fig. 15(d), ht/H=1.25; in Fig. 16(a),
ht/H=1.50; in Fig. 16(b), ht/H=1.75; in Fig. 16(c), ht/H = 2.00;
in Fig. 16(d), ht/H = 2.25; in Fig. 17(a), ht/H = 2.50; in Fig.

17(b), ht/H = 2.75; in Fig. 17(c), ht/H = 3.00; in Fig. 18(a), ht/H
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in the case of of Fig. 18 (b) , in which ht/H = 5.00,
the linear portion at the apex of the flow tube is
scarcely deflected. A Coriolis force is generated
only through angul ar di spl acenent when a fl ow tube
vibrates as the flow tube of a Coriolis floweter, so

= 4.0Rat and 1iGofiigl-i 3 8f(br ee hitg Hyendr.dtded t hrough paral | e
novenent of the flow tube alone. Thus, the case of
Fi s d&tpdred withti thehtdsbs ih 01@1,1chaﬂﬂe0ﬁfaﬂeg oflﬁ@’){ is less
in which ht/H = 5.00, are not suitable for a Coriolis -

thanf LQYoEt €h. tme@agte/ Hfl Filghcneassd, 1?1”%%%t %g%fh Lh[beoo and

paths, that is, the eg parts are el ongat e

0 [ t pecti vel
in tfPEESeld Be L. 38175 ﬁlﬁ@éﬁ@i ~ el dPenbLRFgEFOTE 0N
ends on the u strean1and downstream si des. The
at t%@??%&éteﬁ oy FyBedsuesapsss vidrt Instiefim Wi @ehiolis force
portion of the tube between a stage where ht/H = 3.00
is JandratsdagalwhsheonghHarguda®0divblhcehieatcanedint iaoif lasr tube
a boundary, when ht/His small, the tw nodes of the

vibratbsahisonheectiny chaser ot 0at e digiaay At 15, d§o ehat no
t he apex, and when ht/H is large, the nodes of the

Cori¥lDsatdPre 1@@e%%§@t‘é'&etfukéﬁgheﬁgr§!L9Elqgclng et £ et%@ flow

and domnstrean13|des ows t acenent

unts h
tUbeS%? ons HSQ#L g% 8&1 &g p rt| s 1B (ﬁﬁFbaﬁéQ% £ 4.00,
dj st 1/ 4H fron1 fixed ends,
and 9&%?9325@@{%&% ¢RLSRRE/F| Gubs BBe. Skpynab: Sésably, for a
10) in the T-shaped flow tubes of the dinensions as
Corighbonflowie§er- 15(a) through 17(c) as obtai ned

t hrough FEM anal ysis. The di spl acenent
When ht/H is increased, and the added tube paths, that is,

the leg parts, are elongated, the two nodes in a tertiary mode
vibration move respectively from the linear portion of the apex
toward the fixed ends on the upstream and downstream sides. The
positions of the two nodes pass the maximum width portion of the
tube between a stage where ht/H.= 3.00 and a stage where ht/H =
4,00. With this condition as a boundary, when ht/H is small, the
two nodes of the vibration become closer to the linear portion side
of the apex, and when ht/H is large, the nodes of the vibration
approach the fixed end side on the upstream and downstream sides.

Fig. 19 shows the displacement amounts and angular
displacement amounts of the neck portions A and the fixed end

portions B (situated at a distance of 1/4H from the fixed ends,

28



anounts of the portions B near the fixed ends are
m nute, and therefore are enlarged ten tines in their
representation. The aspect ratio HWis 0.21, and the
ratio wWof the width wat the fixed ends to the
width Wof the flow tube is a fixed value of 0.19.

the Théatdveedobthntl Wasmi bioe ebbed taitepWass iffigyms@ebFilga 10) in
3.00. When the value of ht/His increased fromht/H =

the @-88apklerf1divsphBesnent t ddinde fli ddie a@e%ho%r Ehoﬁ*%gé 15(a)
i ncreases gently from 0 mm Wen the |evel around

S eed the

e T A hent ottt FTd? EHERRET 051 5. 1 *The g hpoenent
t he di spl acepent amount is 1.55 Onthe

amougttﬁero%watnrbe ?ﬂ]éggﬂﬁﬁl r DR i ehbhd aRfBURt 24 tHgwute, and
neck portions rises abru tly fromOO when the val ue

thergfopes Jries e?rh]c%réh%%dte%nglmﬁénlnhethmlruerétﬁr%q‘m-tatson The
approxi mately 2.50, attains 0.83. Beyond that |evel,

aspechieratmguiaW isspl 2terend tArounitiics w/edogedhabwiigthyw at the
and when the value of ht/H = 3.00, is reduced to a

fixeHeyeds afo apRr RXdFRIELY Qhé%lé%%ﬂé‘%@'ﬂ%éﬁ vahild b% 0.19.
i ncreased fromthe stage where ht/H .75 (mnlnum

) o £t I splsa h rt
The *n%%*#@t R AR A Yl ?I%%é’%st 3..00.
t he_.anount m, nut,e therefore enl ar
i ba et B P ahEag) 15 Lrbsannen thomqnt AT 0.0 50
_ the di spl acenment anmpbunt is as snmall as approximtely
dlspé?@%’eeﬁ% amguphnabetRedre ¢k g X heong dpHnaneases feenly from
stage where ht/H = 2.50, nore specifically, up to the
0 mm st #§enwhee devry Hrﬂuzdmhithéltd'i}‘sel 2ce0re(tt. 2ammiint s iesxceeded,
suppressed to a level not Ilarger than 0.01 mm On the

the didEladaneht taeowngundr <l agemitly, and when ht/H = 3.00,

he

the displacement amount is 1.55 mm. On the other hand, the angular
displacement amount at the neck portions rises abruptly from 0°
when the value of ht/H is increased, and when the value of ht/H
is approximately 2.50, attains 0.83°. Beyond that level, the
angular displacement amount is reduced abruptly, and when the value
of ht/H = 3.00, is reduced to a level of approximately 0.43°.
When the value of ht/H is ihcreased front the stage where ht/H
= 0.75 (minimum value), the displacement amount at the portions
B near the fixed ends increases gently from 0 mm. However, the
amount is minute (therefore, is enlarged ten times in the drawing).
Even when ht/H = 3.00, the displacement amount is as small as

approximately 0.038 mm. As can be seen from the graph, up to the
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at the portions B near the fixed ends is at a maxi mum
value of 0.23, when ht/H = 0.75 (m ni rum val ue). Wen
the value of ht/His increased, the angul ar
di spl acenent is reduced substantially |l|inearly, and
when ht/H = 3.00, is approximately 0.07. Wien ht/H =
stagg. sherehbt AHgul 2ar5@)i sjlrac epenti fdfcatliey,nepk topbhei sbasgd where
is maxi mum and the angul ar di spl acenent and the
ht/HdEsp| aspneé ditspa-aidt Aot 1 st Bappireisieldy tef at hével not

fixed ends are snall with the displacenent at the
c rgi I be ga I
larg@? FPQH f) @f thaheﬁggsgéﬁdf HED taﬁrkcfﬁ r%ltspolacement

n_th end ct s efficientl convert d |n 0
at thdpetEions %ﬁ% 5&3 X5 s o e el GRRT rgmienpE D -23°
di spl acenent transmtted to the fixed parts are
whengitgfed=t 8-Fe ridpdaunTialugphenofendn the dielye eReht/H is
fact that the added tube paths (i.e. leg parts) do
increasedi nptlye f anlgudtirt hti 4p hecafiedt t drd | asguoede substantially
vibration but are displaced in the direction (i.

lineBeUYl abndi WBehi 8/)HORPBSILE ilkO ape-dxdated Wig. thq on
as fhe flow tube (i.e. body part) is approached (see

@ﬁeﬁt }ﬁ(/l?l) _ang 56 (CE)k‘)eaI %&@gar' tcll ria%%m%%etn 5PaEhe neck

t ha appr oxi mat el y 'S th opti mum

ditjon for th tfthtb ths added.
PortEiRtndl Pt N MBnG00t at SRABHS( RO SPIATETRA Gy 7R the
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vibration in the bending direction is efficiently converted into
twisting vibration, and the displacement and angular displacement
transmitted to the fixed parts are allowed to be minute. This
phenomenon is due to the fact that the added tube paths (i.e. leg
parts) do not simply fall at the time of a tertiary mode vibration
but are displaced in the direction (i.e. neutral direction) opposite
to the falling direction as the flow tube (i.e. body part) is
approached (see Figs. 17(b) and 17(c)). Thus, it can be seen that
that ht/H be approximately 2.50 is the optimum condition for the
height of the tube paths added. Further, it was found out that when
the value of ht/H is 2.75 or more, the bending rigidity of the added

tube paths (i.e. legparts) is reduced, making it difficult to attain
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l[imt of ht/His 3/50 = 0.06. Thus, the optinum
condition for ht/H is as follows: 0.06 < ht/H < 2.75.
Fig. 20 is a conceptual drawi ng showing a tertiary
node vibration of a T-shaped flow tube at maxi mum
di spl acenent as drawn into a single tube, and is
the sedpsiant é aldnt icapi Rddé RAWIEENNGE ¥8ieSr1458SUbES: Gh&he other
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teFigar gomige ¥i Roallepr ubYPRIGHINY | ShdhOW§eEehertiary mode
conprising: at least one flow tube, a drive device for
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| oop-shaped body part, and that a pair of parallel
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parts of the body parts and to be deflected in a
therdfremttlont suHest amy/Haiby3.00 or more, the bending displacement
has been propagated to the portions near both fixed ends. Further,
it can be seen that when ht/H is approximately 2.50, the bending
displacement in the vicinity of the fixed ends has been reduced.

It goes without saying that the present invention allows

various modifications without departing from the gist thereof.
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orthogonal to the vibrating direction of both end
parts of the body part and to the outside of the both
end parts, with fixed end parts supporting the flow
tube being fornmed at the leg parts. 2. Atertiary node
vibration type Coriolis floweter according to Caim
1, characterized in that t@8AfMSed end parts of the

|l eg parts are arranged at positions in close proximty

to 1each otdetiytyhimbane vandtthensamppl a06rid1i4 flowmeter
tertiary node vibration type Coriolis Plomneter

g.to ract hat__t
o o o > obrar F o ars tﬁFgéf%e%“*?ﬁ%eov‘léf Fo {fiving the
0.005 < w < 8,. and 0 < ht/H< 2.75
fl%&ﬁé wiRd £ waatrhosf"l&r@ tilof sgnisers ﬁergqlﬁtectlng
of the body part, ht is a helght of the leg parts, w
a phasg ¢ikEel ehde vikiiF opeadiion fg afCaeo ki stharse acting on the
between the fixed end-parts, HWis a ratio of the

flomeitgite,H of the body part to the w dth Wof the body
part, wWis aratio of the fixed end wwdth wto the

W dithaWaeh etrhe cbody erat tHH“HﬂﬂJé*&é%l%eré&hgegftﬁgeflow tube
height ht of the leg parts to the height of
by B%%Hl%%r%lb¥§tlon in a tertiary mode, that the flow tube has
a substantially loop-shaped body part, and that a pair of parallel
leg parts are formed to be continuous with both end parts of the
body parts and to be deflected in a direction substantially
orthogonal to the vibrating direction of both end parts of the body

part and to the outside of the both end parts, with fixed end parts

supporting the flow tube being formed at the leg parts.

2. A tertiary mode vibration type Coriolis flowmeter
according to Claim 1, characterized in that the fixed end parts
of the leg parts are arranged at positions in close proximity to

each other within one and the same plane.

3. A tertiary mode vibration type Coriolis flowmeter
according to Claim 1 or 2, characterized in that the following
conditions are satisfied: (1) 0.03 < H/W < 1, (2) 0.005 < w/W <

0.48, and (3) 0 < ht/H < 2.75, where W is a width of the body part,

32



H is a height of the body part, nht is a height of the leg parts,
w is a fixed end width consisting of the distance between the fixed
end parts, H/W is a ratio of thé height H of the body part to the
width W of the body part, w/W is a ratio of the fixed end width
W tg the width W of the body part, and ht/H is a ratio of the height

ht of the leg parts to the height H of the body part.
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