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‘ METHOD AND ROTARY VALVE ACTUATOR

* FIELD OF THE DISCLOSURE
[0001} This disciogure re‘lates-'-gerieralli( to z’n‘nethod and rotary va]v;a.
g actuatx;nr to appiy in.creased torque proximé;te the open or closed pns'iti;)n c.)f a
valvé a,n.d~,. more p'érticﬁarly, 1o a method and rotary vaive actuator havmg a
lever disposed at a rotational j)bsition to appiy maximum torque proxifnate the

fully 6pen orthe fully closed positibn of-the valve. .

BACKGROUND
[0602] Proc.ess control plantg or systems often employ _rot'ary valves,
such as i)all valvés, butterﬂy' valvés, éc'c;entric-disk \.ralves,»ec‘:penujic-p.lug:

* valves, etc. to control the flow of process fluids. In -génera}, rotary valves
typically include a fluid flow valve member disposed m the fluid paj:h éud ,
coupled rotatably to tﬁg body of the rotary vélve via a shaft. Typically, a
portion of the shafi extending from the rotary valve functions as a valve.'s‘tein,:
an.d an end of the shaft or .\'/alve stem xﬁay be coupleci operatively to an
a;:tua-tor (e..g., a pneurr.:a;ic_éctua'tor,~'an electric actuator, 5 hydraulic ja::tuator, ‘
etc.) of the rotz.n'y’ valve. The aétuator may include a lever coupled o the shaft
and tﬁe lever may be displaceable by an ac;tuatdr. member such és,"for
example, an aqmétar rod, whereby a lingar diébla;:em;ént of the actuator rod is
convertt;d into a rc;taﬁonal displacement of th:e lever, the sl;aft and the valve -

member.
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[0003] In operation, a controller may cause the actuator to‘-rotate the
lever and shaft and, thtis, tlle valve' member to-a desired 'élngixlarlpositioo to
vary an amount of fluid ﬂowmg through the rotary valve. When the valve |
member is closed the valve member is- typxcally coifl gured to: engage an
annular or clrcumferentxal seal that encircles the flow path through the rotary o
valve to prevent the flow of ﬂuxd (e g., in one or both dlrectrons)

[0094] Typically, rotary valve actuators, and in parncular_ qua.rter—turrl
rotary valve actuators, which have a rotatlonal displacement of appro;cirnéte_;ly .
ninety degrees, apply the .maxi'mum a.mount of torque .to the valve member at
approximatély the midpolnt of the rotation of the valve member(i e at a.b'out
forty—ﬁve degrees from the. fully open or the fully closed positions). However
the highest torque requirements for rotary valves usually occur when the valve
member is proximate either the fully closed or the fully open position of the.
-valve member. Thus, when the valve member ofa typlcal rotary valve is .
'proxm:ate either the fully closed or the fully open position, the maximum -

" amount of torgque is not applied to the valve member.

SUMMARY
[0005] In accordance with one example, a rotary valve actuator
comprises an elongated actuato'r member conilgured to move in reepohse toa
control signal and a lever conﬁuured to receive a shaft assomated with a valve.
The rotary valve actuator may also mclude a lever arm coupled rotatably to an

.end of the actuator member SO .that when the lever is coupled to the shaft of the -
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valve, the elor;gated actuator member aijplies a maximum torqueto the shaft.
when ﬂ]; valve is ﬁroximate é fully-closed or a fully éper.g pos'ition.. .
_ [0006] In accordance with another«ex_émple, a methocl‘-tc_) apply
. maximum toréue proximate ;:1 fully-open or a fully.closed position{o.f‘ avalve -

of a rotary valve actuator, wherein thé rotary valvé actuator has an elongated - .

E actuator member coupled rotaﬁbly toa le.ver-c.onﬁgurgd td Teceive gshaft-ofa ‘
valve, comprises ;:::sitioﬁing the lever so that the valve is in a fully open
position or a fully closed pbsition when a longitudinal axis of the lever is at a
ﬁ;st rotational p'osiﬁon tha¥ is substantially" iess than orsubstaqtially -gféater
than forfy five dégrees from a set:gtid rotational position at which the actuator
member is subsfantially pt;rpendicular to the lo.ngit'udinalf axis of the lever, and
displacing the aqtuétor m,ember so that when thé léyer rotates to the i'dtaﬁpnal
position at which the actuator member .is substantially. perpendicular' to the
longitndinal axis of the lever, the maximum torque is applied to the valve:

proximate the fully open or the fully closed position of the valve.

BﬁIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 js a cross-sectional view of an example rotary valve
. actuator. ’ . | |
~ [0008] FIG.2isa cross-ségtional view c;f the-example rotary valve |
actuator in FIG. 1 illus&ating the fotaxjy.\'lalve' and valve member.
[0009] FIG 3 is an enlarged cross-sectional view ofa p'or-tibn the

example rotary valve actuator of FIG. 1. .
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[00]0] FIG.3Aisa cleplctlon of alternatwe couplings of the actuator

_ member with the lever and the lever W1th the actuator shaft of the rotary valve

‘ acmator
[0011] FIG. 4 is a flow chart of an example process to apply maximum

torque proximate the fully open or the fully closed ofa valve of a rotary valve -

E actuator.

DETAILED DESCRIPTION

{0012] “The example method and rotary valve actuator dlsclosed herem |
applies increased torque prox1mate the open or the closed posmons ofa valve
In contrast to typlcal rotary valve actuators, which apply the maximum amount
of torque proxirn_ate the midnoint of the range of rotaﬁon of the valve member
. (i.e., about halfway between the fully open position and the fully closed
| position), the example method and rotary valve actuator applies the maximum
ajnount of torque proximate the fully open or the fully closed position of the
tralve member. . . | |

[0013] FIG. 1 ls a cross-sectional vietv of an example rotary valt'e -
actuator 100. The rotary valve actuato.r 100 includes an actuater body 101 '
v,having a diaphragm casing l02 containing an inlet 103, and a diaphraém 104
located adjacent a diaphragm plate 106 coupled toa dlaphragm stem 108. The
diaphragm plate 106 engages three actuator spnngs 110, 1 12 and 114 dlsposed
between the dlaphragm plate 106 and body shou]ders 1 16, 1 18 and -120,
respectively. ’l‘he diaphragm stem 108 is coui:led to an actuator rod or

elongated actuator membe't- 122 coupled (e.g., via threads) to a rod end 123
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having a rc'Jd end bearing 126. Tl.le rod end bearing 126 is coupledto an -
actuator lever 130 at a levér arm 131, and the lever 130 is rotatabié aboutan
a;cis 137. The actuator lever.13"0 is coupled to an actuator shaft 136 that is
coupled to a valve member ~138 of the rotafy valve 139 (see FIG. Zj. Although' -
the rotary valve at;tuator 100 is illustrated in FIG. 1 as a phneumatic rotax:y. .
valve actuator, the rotary valvé actuator '100 may, altema;ﬁvely, ‘be any of :

- several types of actuators such as, for example, an-electric actuator,-or a
hydraulic actuLator. Likewise, the valve member 138.can be any vai.vé's'uch as,
for examhle, a butterfly v.alve, an eccentric-disk valve, or an eccéntxic-plﬁé
valve that may be rotated by a rotary valve éctuator, such as, ‘foruexamplé, the
rotary valve acfuator 100. | '

[0014] In operation, the rotm"y valve aétuato; 100 receives a-control
signal such as, for example, compressed aif, at the ink;t 103 to displace the
diaphragm 104 and the digphragﬁ i:iate lbﬁ against tﬁe springs 110, 112 and
114. In FIG. 1; displace;nent of the diaphragm plate 106 m the direction of .

“arrow 200 results in a corresponding displacenient of the actuator member 122
to rotate the actuator lg:ver 130 and the actuator shaft 136 ébc;ut the axis 137
and rotate the valve member 138 to vary or control the flow of fluid through .
. 'the rotary valve 139. o
[OOi‘S] Referring to FIG. 3, an enlargéd portion of the examplefotéry ‘
valve actuator 100 shown in FIGS 1 and 2 s illustrated. The actuator member
122 is displaced in the di1'-ection of arrow 300 to rota;te the actuatordever 130.
The force exerted by. the actuator member. 122 is depicted in FIG. 3 as a vector _

or force A. The moment of a force such as, for-example, force A in FIG. 3,

-5
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may be deﬁned as a turning effec-t produced by a force ;cit some distang:é from
anr axis of rotation. Altemhtively’, the mmﬁent ofa forc;a‘ niay be déﬁn;.d.aé a’
rﬁeasure of the tendeqcy of tllle force to-cause a body to rotate about a spgciﬁc
point or axis (i.e., the center c;f moments). 'Thus, in FIGS. I. and 3‘ the. 1:nome%nt :
of the force A ap;;ligd by the actuator member i22 to the actuator lever 13;Q is '
determined according to F'.qua.éion 1 set forth below. | |
' M=Fd
Where
M is the Moment

Fis the force
d is the distance of the moment arm -

' Ei]uationl :

[0016] In F'IGS.. 1 and 3, the moment of the force A applied by thé :

actuator member 122 to the actuator lever 130 is the product of the force A

times the length dof the moment arm B from the axis 137 {i.e., thecenter of
‘'moments) to the point C on the lever 130 when the force A is perpendmulm‘- to -
the moment arm B. A simiiar measure of the operation of the rote;ry valve
actuator 100 is the torque applied by thé lever 130 fo the rotary shaft 136 and
-the valve member 138. Torque may be defined as a meaéuné o‘f-hqw much a. -

force acting on an object cz,iuses:. that object to ;'otate. T(_)rqt_xe is detemain.l_ed

according to Equation 2 set forth below."
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T=rFsinf@)
Where
T is torque
. ris the moment arm
F is the force
@ is the angle of F relative to r

Equation 2

- [0017] A.s can be readily seen from Equation 2, the maximum torgue
T is produced when the force'F is perpendicular to the moment arm r«(e.g., sin
90° - 1)sothatT=rF.
| [0018] In FIG. 3, the actuator lever 130 is displaced or rotated by the
actuator member 122 through an arc of approiimately ninety. degrees,. as.
illustrated by arc D. Typically, ina known 'quérter-tum rotary actuator, the
lever 130 would be positioned initiallf so-that its longitudinal axis or |
centerline position E is forty-five degrees from a position at a lon.gitudir;al axis
or c;enterline position F where the actuator member 122 is disposed
perpendicizlar to the lever 130. In a rotary valve ac;tuator, the centerline
position F may be réfeﬁed to as the moment arm pqsition F of the lever 136.
For the known rotary valve actuator, tﬁe operatively coupted vajve nﬁember
138 would be in eithera fuily closed or a fully open posiﬁon when the lever
130 ig positioneci along the-ncentefljne position E, whereby the rotatioﬁ ofth.e.
lever 130 through appréximately hinetj degrge; to a longitudinal .axis or |
centerline position E” would apply the maximum amount of torque to-the
valve member 138 at approximately the midf:oint of the rotation-(i.e., at forty-

five degrees of rotation when the actuator member 122 is perpendicular to the

-7~
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lever 130 at centerline position F) However, the laroest torque reqmrements
for a rotary valve actuator such as, for example the cxamp!e rotary va.lve
actuator 100 are at the fully open or the fully-closed posmons ufthe
associated valve member 138. Thus, a known rotary valve actuator, Wthh
attains the mome.nt.arm porxtxon F at approxlmately the midpoint betw.een the .
fully open or the fully closed r)osition of the valve meml.aer, is not abl.e t6

- apply the mammum amount of torque to the valve member . prommate the

| fully open or the fully closed positions of the valve member.

[0019] The example method and rotary valve actuator 100 disclosed
herein apply maximum tdrqur: to the valve member 138 proximate theful}y
open or the fully closed ‘positidns of the vaive member 138, Referring to FIG.
3, the example rotary valve actuator 100 may mclude the actuator lever 130
positioned at an initial angular or rotatlonal position to apply the maximum |
torque closer to or pro}umate en‘her the fully open or the fully closed posit'ions
ofthe val‘ve member 138:. FIG.‘ 3 illusrratestﬁe lever 130 at an initial

- rotational position along a centerlirle position H whereby the lever 130 is
disposed less than forty-ﬁve degrees from the moment arm ;rosiﬁon F of the
lever 130. The valve member 138isina closed position*‘ e.g., Tully.closed

| posmon) when the lever 130 is disposed at the centerline position H. When
'the actuator member 122 is displaced in the dn:et:tlon of arrow 300 in FIG 3,
the lever 130 is rotated through apprommately nmety degre°s to a-.centerline
position H". The initial rotational position of the lever 130 at thecenterline

position H is offset éngularly a pré'determrned amount o‘f-degréesﬁom’ the

centerline position E, as represented by an arc'G, and the angular 6ffset is _
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preferably, but not necessarily, \vlthm the range of ten lo twenty degrees A

~ correspondlng amount of angular oﬂ‘set at the end of the rotation of the lever
l30 is illustrated by an arc G’ having acorresponding ran.ge of ten to hNellty
degrees. Thus, when the lever 130 is rotated from the centerline ﬁesiﬁen Hto '
the centerline posmon H the lever 130 attains the moment arm posmon F
proximate the fully closed posmon of the valve member 138 as the lever 130 - -

 rotates the valve member 138 from the fully closed position. The posmomng B
of the lever lflO at the initial rotational poeitioq of the centerline posilion H-

" enables the actuator 100 to apply the maxxmum aneoﬁ;it of torque fo the valve
member 138 proiimate the fully open positlon of the valve member 138. E

[0020] Refemng again to FIG 3, the lever 130 may be disposed at an : |

initial rotational position along its Iongltudmal axis or centerline posmon I
whereby the lever 130 is disposed greater than forty—ﬁve degrees from the =~ -
:moment arm position F of the lever 130. 'I'he valve member 138 may be ata
fnlly closed position when the lever 130 is dispose‘d at.centerline position J . "-.-

" When the actuator member 122 is clisplaced in the direction of arrow 300 m :
FIG. 3, the lever 130 is rotated through approximately ninetv deémes to
longitudinal axis or centerlme position J'. The initial rotatlonal posmon of the
'lever 130 at the centerline position J is offset angularly a predeterrmned
amount of degrees from the ceriterline posmon E, a5 represented by an arc I,
and the angular offset is preferably, but not necessanly, within the range of ten
to twenty degrees. A corl:esponcling amount of angular offset at the-end.of the
rotation of the lever 130 is illustrated by an arc I” having a-tange of ten to

twenty degrées.' Thus, as the lever 130 rotates from the eenterline position J o
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the centerline position J’, the lever 130 attains the moment arm position F
proxim.at.'e the fully open pogition of the yalve member 138 at the cénterline
- position J'. The posiﬁoning of the lever 130 at the initial rotational position of
the centerline position J enables the actuator 1 00 to apply the maximum
amouqt of torque to the valve member 138 proximate the fully open poéition
. of the valve member 138. |
| [0021]} Th;&: actuator lever 130 may be disposed at the initial rotational
positions Qf the centerlines Hor J .or, for example, at other initial rotational
positions within the preferred angular offset range of tén to twenty degrees, by B
uﬁlizing different couplings of the actuator member 122 to the lever 130 or the-
lever 130 to the actuator sﬁaﬁ 136. Referring'to FIG. 3A, alternative '
couplings of the .actuato: member 122 {shown in phgntom) with the lever 130
and the lever 130 with the actuator shaft 136 of the rotary actuator 100, are
illustrated. At the lever arm 131, the actuator lever 130 may include a
plurality of openings 132, 133 and 134 for coupling the actuator member 122
to the lever 130 by a: fastener (not shown) The openings 132, 133 and 134 are
angularly spaced—apart relative to one another and the axis 137. The openings
132, 133 and 134 are located such that when the actuator member 122 is
_coupled with the lever 130 by the fastener, the lever 130 may be posntzoned at
dlffergnt initial rotational positions less thgn or greater than a posxtlon-forty-
five degrees '(e. g., the cénterline E) frorﬁ the r.nc'>tnentlérm posiﬁoh F, and
within the mngc-of ten to twenty degrees frorr.1 the poéiﬁoln. at forty-five

degrees.

~-10-
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[0622] Alternatively, 'thE'I..'Od end 123 (shown ie phantom) is |
threadedly coupled to the actuator member 122 and mcludes the rodcnd
bearmg 126 coupled to the lever 130 The rod-end 123-can be rotated relatwe

to the actuator member 1'?2 1o vary the dxstance the rod end 123 extends from
| the actuator member 122, The Totary valve actuator 100 will maintain the .
actuator member 122 in an uutml or at-rest position of the actuator meexber.
© 122 as illustrated in FIG. 1. However, by varying the distance the rod end 123
extends frm'n 'ehe actuater member 122, the Iever 130 may be.djspoeed at -~
different initial Iotational'poeiﬁons less than 01{ greater than the-centerline E
position forty-five degrees from the moment arm F.

[0023] FIG. 3A. also illustrates another alternative coupling assembly
to eositien the lever 130 at different -in.ni.tial rot.ationall positions. The actuator
shaft 136 may include therein openings 146, 141 and 142 {shown in phantefp)
1o eﬁable the lever 130 to Be-.cou.ple.d by é fastening me;nber 143 at differept.
angular positions relative to the actuator shaft 136. .In'fFIG: 3A, the ,fastening
'member 143 (e.g., apin) is illustrated as being located at the opemng 141 By |
selecting one of the opemngs 140, 141 or 142 tozeceive the fastemng member
143 to coup]e the lever 130 to the actuator shaft 136, the lever 130 may be
.dis‘posed at eiﬁ‘erent initial rotatioﬁal positi'ons less than or greater than the
centerline E position forty-ﬁve degrees from the moment aim F.

ltematwely, the lever 130 may be coupled to the-shaft 136 by other known
coupling assemblies such as, for example, between.the lever 130 and the shaft

136 a key may be received in one of several slots. -

-11-
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[00?4] FIG. 4 1s a represeotative :tlowchart of ao-example prooéss or
method 400 to apply maximum tdrque oro;cimate the fully open or the t’uily
closed positions of a valve operated by a rotary valve actuator. Imtlally, at
block 402, the example method 400 includes provndmg a rotary valve actuator
(e.g., the rotary valve actuator 100 in FIGS. 1-3A) having an actuator member . .
- (e.g., the actuator member 12 ) that rotates a lever (e.g., the actuator Iever :

- 130) at least about ninety degrees and the lever coupled operativelyto a valve
(e.g., the vajvo 138 in FIG. 2). Next, at block 4.04, the lever is positionedso"
the valve is disposed at a f’ully open or a fully o_losed position (e.g., see the
fully closed valve 138 in FIG. 2) and the lever at an initial:rotational positton
(e.g., the lever 130 posiﬁoned at an'initial rotaﬁonal positiop‘such as, for - )
exao'lple, the centerline H in FIG. 3) tltat is less thén{e.g., the-centerline H) ort'
greater than (e.g., the centerline J) a positioo forty—ﬁvo degrees (e.g., the |
centerline E) from a position ofthe: actuator member porpendicular to the lever

‘ (e.g., the centerline or moment arm position F when the ac_toator merober 122

is perpendicular to the lever-130). The lever is positioned so the initial .
rotational positiom(e.g.,the lever 130 positioned at eitﬁer the cérttetline Hor | .
the centerline J in FIG. 3) is ten to twenty degrees less than or greater than the .
‘pos'ition at forty—ﬁve degrees (e.g., | the centerltne B), olock 406. Then, at '
block 408, the actuator member@(e g., the actuator member 122 in FIG 3) is
dlsplaced to rotate the lever (e.g. the actuator lever 130) to the position of the
actuator member perpendxou]ar to the lever{c g the centerlme or moment arm

_position F in FIG. 3) to apply maximum torque proximate the fully open or the . -

fuily ctosed'position.of the valve (e.g., the fully closed position of the valve

-12-
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member 138 i1_1 F1G. 2). Thus, the positioning of the lever at the initial
rotat?or;al position angularly offset from ;he typical initial rotational position
- oftheleverina k;nm'vr} rotary valve actuator enables the rotary valve actuator
. to apj)]y. the maximum amount of torque to the valve proximate either thesfuily
open or the fully closed position of the valve.

[0025] An example apparatus and‘mcthod to apply torque proximate
the oiaening or cloéing of a valve are described with reference to the flow-chart
illustrated in FIG. 4. 'Howcvér, persons of ordinary skill will readily
appré;:iate that other methods of implementing the examplé method may
‘ al;cematively be used. For example,'the order of execution of the blocks may
be changed, and/or some of the blocks described may be changed, eliminated,
or combined. '

[0026] Although a-certain exan;ple method and apparatus have been
described herein, the scoi)e of coverage of this patent is not limited thereto.

On the contrary, this patent covers all methods, apparatus and articles of
manufacture fairly f;dling within the écqpe of the appended claims:either

litgrélly or under the'doctripe of equivalents.

-13-
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What Is Ci'aimed Is:
. 1. A rotary valve actﬁator, cbmpﬁsieg:

an elongated actuator member configuted to move in respense to a
control 51gnal and ’ |

.a lever conﬁgured to receive a shaft assomated W1ﬂ1 a valve and havmg
a lever arm coupled rotatably to an-end of the actuator member so that
when the lever is coupled to the shaft of the valve the elongaged actuator
membee aleplies a maximum torque to‘.the shaft when the valve is |

e

proximate a fully closed or a fully open position.

2 A rotary valve actuator as deﬁned in clmm 1, wherem the»end of the
actuator member compnses a rod end that is adJustably engaged with the

" actuator member to change an effectxve length of-the actuator member,

3. A rotary valve actuator as defined in claim 2, wherein the rod end is -

engaged threadingly with the end of the actuator member.

4. A rotary valve actuator as defined in claim 3, wherein the rod-end
‘includes arod end bearing.
5. A rotary valve actuator as deﬁned in claun 1, wherexn the lever arm
comprises a plurality of openings to ad_]ust a rotatmnal posmon of the lever

relatwe to the ﬁJlly closed or the fully open position of the valve.

-14-



WO 2007/136481 PCT/US2007/009309

.~ 6. A rotary valve actuator as defined in claim 1, wherein the sﬁaﬁ of the

valve comprises a plurality of openings to adjust a rotational position of

the lever relative to the fully closed.or the fully open position bf the valve. ‘

7. A rotary valve actiator as defined in-claim 1, wherein the lever is

- coupled to the shaft of the valve so that the lever arm is at afirst rotational

position that is substantially less than £_>r substantially greater than forty
five degrees from a second rotational pdsition at which a ldﬁgimdinél axis

of the lever arm is substanﬁajly perpendicular to the actuator membey:.i ‘

8. A rotary valve actuator as defined in claim 7 , wherein the first

" rotational position is in the range of ten to twenty degrees from a-rotational

position at which the longitudinal axis of the lever arm is forty-five

degrees from the second rotational position.

" 9, A rotary valve actuator as defined in claim 1, wherein the actuator

member is coupled operatively to a diaphragm.

10. A rotary valve actuétor as defined in claim 1, wherein the actuator

member is coupled 6perativelj to at least one spring.

-15-
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11. A rotary valve actuat'or,' comprising:
. an elonga;ted a‘ctuator.membel;;' and
a lever conﬁgured to receive a 'shaft of a valve and having a levér arm

coupled rotatably to an end of the actuator ‘member 5o that when the lever |
is coupled to the shaft of the valve in a fully open condition or a fully
closed conditiona longitudinal axis of the lever arm is at a first rotational
position that is substantially less than or substantially -grcaterht‘hanforty

' five degrees from a rotational position at which the actuator meniber is

substantially perpendicular the longitudinai axis of the lever arm.

12. A rotary valve actnator as defined in claim 11, wherein the lever arm
_ comprises a plura]ity'of openings to adjust a rotational position of the lever

relative to the fully closed or the fully open-condition of the valve.

‘ 13.A rotary valve actuator as defined in claim 1 1, wherein the shaft of the
-valve compnses a plurahty of opemngs to adjust a rotatlonal position of
the lever relative to the fully closed or the fully open condltxon of the

valve.

14. A rotary valve actuator as defined in clalm 11 wherem the end of the
actuator member comprises a rod end that is ad_mstably engaged w1th the

actuator member to change an effecnve length of the actuator member.
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*15. A rotary valve actuator as'defined in claim 14, wherein the rod end is

engaged threadingly with the actuator member.

16. A rotary valve actuator as-defined in-claim 14, wherein therod end .

includes a rod end bea.ring‘.' .

17. A method to apply maximum torqﬁe proximate a fully open.-or afully
closed position of a valve ofa rotary valve actuator, the rotary valve
actuator havmg an elongated actuator member coupled rotatably toa lever .
: conﬁgured to receive a.shaft of a valve, the method comprising:
posmonmg the lever so that the valve isina fully open position ora
' fully closed position when a longxtudmal axis of the lever is at afirst
rotanonal position that is substantxally less than or substantxally greater :
than forty ﬁve degrees from a-second rotational position at-which the
actuator member is substantially .,perpendicolar to the Iongitudinal axis ‘of K
the lever, and . o
displacing the actuator member so that when the lever rotates to the
'rotational position at which the actuator member is substantially
perpenl:llculaf to the loogitudinal axis of tl:e lever the maximum torque is
eoplied to the valve i)roximate the fully open or the folly <closed position of | .

_the valve.
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18. A mhethod as defined in claim 15, wherein the-positioning of the lever

- includes coupling the lever to the shaft.

19. A method as deﬁned in claim 175, Wﬁerein the positioning 6f the {ever

includes coupling the actuator member to the lever.

20. A method as defined in claim 15, furiher including positioning the.
lever at the first rotational position in the range of ten to twenty degrees

less than or greater than a position forty-five degrees from the second

rotational position.
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LEVER TO THE POSITION OF THE ACTUATOR MEMBER
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| TORQUE PROXIMATE THE FULLY OPEN OR THE'FULLY
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