;wxe3eQ N :<6(T| 7@ Specification as at: 23 Decenber 2002 AN ELECTRI CALLY
OPERATED VALVE OR DAMPER ACTUATOR HAVI NG AN ELECTRI C MOTOR DI RECTLY COUPLED
"TO THE ACTUATOR DRI VE SHAFT FI ELD OF | NVENTI Osbebificatidiaseimt 430medefibat 8505t O

el ectromotiy ' nd. nor rticularly to electrically operated
actuat ors f?ﬁ E%éﬂﬁm&\é‘gﬁmﬁg@%‘%ﬁmﬁ% qWAﬁﬁngglq 0
control the flow of Tl uirds in pipe g d et Y PRT Aut omati c
flow control of fluids in industrial pipewrrk and ducts is widely used in
areas such as power generation) petroleum oil and gas 10 refining, pulp
‘and paper, chemical, food and beverage, petrochenical processing, water and
wast ewat efFjgUreaiFMNVENTRM$t ries. Hitherto, such actuators have utilised
fixed speed alternating current induction notors which are coupled to an
actuat or throuJhisinventibnoekiéee elgeaobeotivily piiie mblyegy ahd tmoriehe act uat or .
15 One of the disadvantages of such prior art systens is that a conbination
of diff er patticadardy $o aiettgealhbopersted ackmtiorsefdr topepimyy idesingeandégui r ed

out put speeds which results in high inventory. Furthernore, usually a
chan@e of maedyatiegvalues anddampetshtngenirgl thegiloweaf tididsfihqupewoslpeed change
as each conbi nation of notor and gearbox has a constant 20 output speed.
Anot her diadddiugitage of prior art systems is that to maintain a given

out put torque across a w de speed range requires a wide range of notors. To
reduce comm ndard practice to limt the nunber of notors used
PO hor o o e FOVCS 2 A S bt s shclyaBis” 7° A
ot or and WHENGURALEY BESeonark POWeF abhapion BerBiin. oR3EYaa: on as
ol e oni qeane, £efts afid Henpt GemiEsh 1abE aRd IR HALARIEESE D i ng up

the equi prﬁa&eﬁaﬁg,%kman@wdﬁémﬁ}r&réﬁﬂém irﬁ&ﬁtlﬂesﬁqu&r&o, shase

functions present sone problens including dismantling to effect physical

adj ust mentactasors hale ARREEdHixEE sprledYalferadthd@tlrreAt itRictRAIdtorequi r es

cl earance to power down equi pnent for safety a and access permts. Most

prior art whithi srescdubled B avi Ftaator AhrotRyhUA W SHRATWSrnONheer g&grbox el ectri cal

power failure periods. During these periods it is essential to sense and

nmoni t or t hdrbve, iategaél toptreaddtaatort o ensure position indication is 10

mai ntai ned so ab not to lose initial calibration. Sonme standard existing
15 One of the disadvantages of such prior art systems is that a

combination of different motors and gearboxes is required to provide the
required output speeds which results in high inventory. Furthermore,
usually a change of components or a model change is required to effect a
speed change as each combination of motor and gearbox has a constant
20 output speed.
Another disadvantage of prior art systems is that to maintain a given
output torque across a wide speed range requires a wide range of motors.
To reduce costs, it is a standard practice to limit the number of motors
: used and this results in a reduction of torque with an increase of speed.
25 A further disadvantage of the prior art systems is that the gearbox
introduces wearing surfaces {(and thus frictional power losses) between the

motor and the output drive shaft.
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actuators. are fitted wth conpl ex.gearing to provide such position
i ndication. SUMVARY OF THE | NVENTI ON According to one aspect of the

invention there is provided an electrically opsyeafiediodGt42b8 DM 0@“ ng
a val ve or danper having an actuating shaft 15 that has an oper

torque requirenment greater than 10 Nm Zaid el ectri cally operated actuator
conprising: (i) a housing having an interior, (ii) a drive shaft rotatably
nount ed. wi thin the housing and having a first end which extends fromthe
housing for 20 Eeepbitragtuatotdhhavetagingdegrites bf elbctrwic walduwaeohardealper ,
(iii) an electric notor having a rotor and a stator, the electric notor

bei ng capalflirctiohs sdthin e systemt andyfoe sgttieg tuprthe lequiptieMrarchohakirigng nount ed-
within the housing with the rotor co-axially nmounted on the shaft and the
stator 25 fadjustmeotstindhé fielsk i idoweven Heskedunttions paeserntisomerpeabiemsr
controlling the operation of the notor. -~. Specification as at: 23
Decenber 20mcluding disingnting te effectphyisisal adipstmant se1sing Rraeess fivedeldy e neans
of connecting the electric notor to the gqcive saaft whi ch mafy su%téxably
conpride a BRRIIAIruvemark peguirgsdeatance ity eowpedewn sauRMent Toragivdy |
constant torque 5 electric notor is a high torque, direct current notor
oper at ed bf lﬁ°§8s§vf’8f’ﬁ't'~?mdu| ation (PW). The PWM oper ated permanent nagnet

of ane rew “overenerhf AftHRRnAEs bl Bl KA AR oBeHn ARRRE Ton, S0
the invent 'ég%ﬁt%l OWéi%{iﬁIre%setr@Td%? Dﬂnﬁrﬁﬁé‘ﬁ p?xf&%ﬁi R Sssehtihle finsB0t Or and

gear bax ass nmbi nati o the prior ar y changi ng the setting of

the PWM dutghdariehor(thiede tndrfid)apermiont ¢6lefsurt (Hdsion indRBtion @ a hand hel d
unit, or froma renote down the line position) the speed of the notor can

be chthged maiataivedsd asanydo IcBstinitiaboalibrativins S¥mé Istartaed @xistingvent i on 15
can replace 24 different AC notor and gearbox assenbly conbinations of the
prior art (3stéeatorsppnefitedwitlh sgeplexgearingrioprovide such pasiionriadicatignent ory and

foregoes th dto ch e the del to alter the speed/torque
conbi nat i o@ﬁ&%ﬁ&éﬁ@ﬂﬁh@ﬂi rect current notor provides a constant
20 torque over the full speed range . The axially nounted notor agnd directly
coupled shat ¢ elAdorIng 8 B8 askRchG! eiruetbof therere padted anaedfically | 't ha
prior art s DS E NV ' Oy I Npr oy ' fficiency
DO SO ok ey K G A% BB bl R SRl Ll e
prior43rt Spsf RiFaf'opefionlsl mrggéé? uir%rﬁ%{tp%te%‘éﬁf‘fo’%ﬁg jg he invention
is that position sensing and nirtoring during manual operations are
achi eved W gibatvtalbosperated actuator comprising:
()  ahousing having an interior,
(i)  adrive shaft rotatably mounted within the housing and
having a first end which extends from the housing for
20 coupling to the actuating shaft of the valve or damper, -

(i)  an electric motor having a rotor and a stator, the electric

k4

motor being capable of developing a torque greater

than 10 Nm and being mounted Within the housing with

the rotor co-axially mounted on the shaft and the stator
25 fixed to the interior of the housing, and

(v)  means for controlling the operation of the motor.



-geari ng. Specification as at: 23 Decenber 2002 4 The el ectric notor

consists of a stator and rotor. The stator is connected to a three phase,

"solid state, sem conductor swi tching device SWiciitatich &UWpRI3I Btembbn@2d0

-

voltage froma three phase rectifier unit. By switching the solid state
device, the notor is driven as an AC noRor. Thus 5 the switching device is
acting as an inverter. By controlling the operation of the solid state
switching device with a Pulse Wdth Mdul ated (PW) signal the speed of the
not or can be varied i fini?el q?e ween gi.ven m ni mrum and maxi pum val ues.

S61eEe (rhialdng 18pee

The motor can bdNdeRiedFEed § 10YeTH9N S g S8 T5888 AUt a requi red
t . 10 A mcr. . | s,.the.PWV si |, f I ds that
are set i n GHnBeGHBRARF arntrigaRpies ooiendive radts Wishiw BB e S peeds by

.reference to the rot ngtﬁgositi on sensor. Should the speed start to fall due

to a | oad i$HIBR%ETF 8/F shaft) then the microprocessor will ranmp up the

PUWL ST gnal i Clithdbiol 25t baliB® dbdceinaNeht ARENGE! Athatih 5ot 0 e

stator allow ng for require rection greater torqgue

requi rementet o e ERb kAl ﬂ@f\ ﬁrqgf’,lt %ﬁé’é&?é&%nﬁ%?&-od&@fﬁ&ﬁ{r iddi s not or

as the basis for an actuat or one specitically designed unit

to give a rgthaddartiBrt(PguUe across a range of 20 output speeds. The
actuator of the invention incorporates a notor drive control and a hunman

i nterface nicropTRe PYENY oparatédpermaremDinagnet divectcantéml meeot picwided | t he
circuitry necessary to drive and protect the notor. The m croprocessor is
programed & irdfinitelplvatiablenmitput spesd (ini skieps 25 onedRPBY) iover dhet t hus
enabling the notor speed to be varied across its conplete range. The

m cr opr ocesswmimuUpimadmuraspenrd rpnogr drhus, onatembodimergmdciie ipgenton as at :
23 Decenber 2002 5 allow all operational control paraneters to be set and
to gi ¥@ a paericevpaP tal b Hiffprent asjuaters phihe A Gemateread gearbox

assembly combinations of the prior art. By changing the setting of the
PWM duty cycle (via a keypad mounted on the equipment, or a hand held
unit, or from a remote down the iine position) the speed of the motor can
be changed over a set range. Two embodiments of the present invention

15 can replace 24 different AC motor and gearbox assembly combinations of
the prior art {one supplier’s range}, which resuits in low spares inventory
and foregoes the need to change the model to alter the speed/torque
combination.

The permanent magnet direct current motor provides a constant

20 torque over the full speed range.

"fhe axially mounted motor and directly coupied shaft eliminate the
wearing surfaces of the gearbox required in the prior art systems. This
invention provides improved mechanical efficiency as the inherent frictional
power losses in the integral gearboxes of the prior art systems are

25 eliminated. A further advantage of the invention is that position sensing
and monitoring during manual operations are achieved without complex

gearing.



I n one enbodi ment of the invention, the actuator includes a human interface
control that conprises circuitry that allows all paraneters to be 5 set
"froma local or renpte position. This controlsgRmiegfdnSsialt8 hdember 2002

m croprocessor for the basic operation of the actuator to match the

requi renents of the control systemin which it is a functional elenent.

Fi el d bus operations are al so nmanaged through this circuitry, via a )
mat ching interface. 10 BRI EF DESCRI PTI ONMOF THE DRAWNGS Fig. 1 is a
perspective view of an electrically operated val ve actuator according to
one enbodi nent of the invention, Fig. 2 is a view taken along lines II-11
of Fig. 1, Fig. .gTh'eSel ctYi'cerWo{cﬂ'k&%s?sltg %hﬂaetgr %ﬂ)&'rasﬁc;r thé:%%toﬂ'iﬁ 15 Fig. 4
is an enlarged side élevational view o e declutching camand Tatch with
the drive d ' [ gl e 1 Hhl Y&l ns  of
the rotor, Elgépf-}ételwsfb;a\?fxrg%@?%er §§I|§g?§%ég.seﬁg J%Gg’ ?‘ ﬁu%&er ﬁ?%’ﬂgodéés{”% pi ns

of the dri V%ﬁkﬁ%%uﬁbﬁé‘d‘@ﬂﬂ?@ dc’ G ¥andishade FRifleptudic. B Fig. 6

i s block diagram of first control systemfor operating the actuator of
Figs. 1 to JwitdHingitle sélidl Staefdvich, aeaodr 8 diREPNss 8RTHC Photy SRR or
operating the actuator of Figs. 1 to 5. MODES FOR CARRYING QOUT THE

| NVENTEON 25%hd RevigctiiHgidevickOis aictingeas ahaaveres, of the invention shown in
Figs. 1 to 5 includes a nain housing 11 which defines a shaft conpart nent
12, a term nal c@paohtreliihg1Be dpesatibrbpf ahé aplid sadtecswitchihg, davicowitiob
Specification as at' 23 Decenber 2002 6 conpartnent 15 closed by a control
cover 16, arPulsWidih Madutpted: (PMWM) edgrialabeRipged lofahé rBptarl eareble yariedcover
67, and an encoder conpartnment 68 (see Figs 1 and 3? cl osed by a cover 69.
A shaft 17 iisfiniiphyobetspenygivena mingnua aedmagmuen yeluese Thewerotenganrbea he
housi ng 11 and_a bearing 19 at_the upper 5 end of the housing 11. The shaft
17 i's rot at AASNOMRA 10 IveR EPefiRdrange of $Repd Gt R toaMred 190AYG.xed tar the

e
AR | RN ERE  EE
closed by a loprHR%o tha B3B8 Fosifioy SeRESE

Should the speed start to fall due to a load imposed on the shaft,

then the microprocessor will ramp up the PWM signal which will result in a
15 larger voltage being switched to the stator allowing for the required speed
correction and the greater torque requirement to be maintained at set
constant speed.
When using this motor as the basis for an actuator it allows for one
specifically designed unit to give a required output torque across a range of
20 output speeds.
The actuator of the invention incorporates a motor drive control and
a human interface microprocessor control. The motor drive control
contains all the circuitry necessary to drive and protect the motor.
The microprocessor is programmed to control the motor pulse width
25 modulation unit thus enabling the motor speed to be varied across its

complete range. The microprocessor also carries the programme that will

y
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26. The top cover 25 has a central aperture which receives the hub 28 of
t he hand wheel 20. The downwardly extending skirt 27 of the top cover 25 15

‘supports the bearing 19a. The hub 28 has a cenjpkaficaBELE A hves
the shaft 17 with bearing 19 therebetween. The u|C 'S 323 ¢ pb r%ﬁi‘
respect to the shaft 17 by seal 29 and wth respect to the top cover 25 by
seal 30. In this instance, the hand wheel 20 is secured to the hub 26 by
pin 31. The drive base 26 has a central aperture for receiving the end of
the 20 shaft 17 which is supported by bearing 18. The drive base 26 is
,seal ed wi t halowealhaperatigngheontielfparameperssiodhe sat antheo @ive/a RIEEURE | s
secured to tEﬁe hm@ n:?rwll b%‘ screws (not shown). As can be seen in detail
in Figs. 3, ATGhWNeD FHSEUDGFiSXCABYST 21 is | ocated above the drive base
26 with the stator 22 secur.ed to downwar dl y, 25 dependi skirt 35 of the
housing 11, The & &0gieraa0digens &t WU tRe She Actedon(ddiens hanne
rotar 23 is.r.otatabl e the . Specification.as at: 23 enber
2002 7 shaff'{tf'?%ﬁ’? Cboéé{gﬁgggggc?'%%é@%ﬁgcg yotlha% ﬁ@"Y"&t%‘?P%fé”h%t&'%P‘&%&r ality
of upwardly [ riv ' :ada n tve Lugs 39 on the
dri vemgl eevgggg'%\[/?\ﬁiaggcglsbrsﬁngda%ls%&?r%ﬁﬂt gtg?%%&!t&ﬁ@ %ﬁg%tcg%'f“‘éyth?eys 41. The

drive sl eeveni i r L which is
engaged by gnégon‘?rgggfﬂt@ gﬁesggﬁr%?dfe?%@?rﬁgfﬁ%%ﬁﬁggﬁgé '57{1%?16 @9 A latch 44

whi ch is pi vegaieémentof etk abid! spsitém4h WRicRaMAS fuSctibfsiededbnspr i ng 48
secured to the cam 46 by screws 49. The declutching shaft 47 is biased by
return spri igel8ud opdragond ard bBBoantinaged thrsughani dircdittg, IR 8imalichyigy node.
10 The declutching shaft 47 is rotated by hand lever 54 (see Fig. 1) to
enabl e the dnterfadeugs 39 to di sengage the drive pins 38 as shown in Fig. 4
for manual tion of tlhe shaft 17. In Fig. 5, the actuator is shown in

the cam 46 with the camra 43 of thg 3,rive sl eeve 40. The shaft sensor
wheel 55 is nounted orf%CREIIRGAPONEeMBRdEeoidhejaventiene 40. Bet ween the

wheel 55 and the dri sl eeve, 40 there.is 0 ring 56 which drives the
drive sleeve 40 aﬂ%ﬁ%ﬁ?@s\%me i?ﬂea'?réﬁ Im%slﬁdfo{ E%'ﬂatch 44 is renoved from
t he shoul der 52 u,ggtng)rigtaa\%apm%nitggg@ gggg n?—ﬁr of'l'p'%ﬁr'\aft sensor wheel 55 is

aligned with a sha sensor cartr
15 Fig. 4 is an enlarged side elevational view of the declutching

cam and latch with the drive dogs or pins of the drive sleeve
engaged with the drive pins of the rotor,

Fig. 5 is a view similar to Fig. 4 with the drive dogs or pins of the
drive sleeve disengaged from the drive pins of the rotor,

20 Fig. 6 is block diagram of a-first control system for operating the

actuator of Figs. 1 to 5, and

Fig. 7 is block diagram of a second control system for operating
the actuator of Figs. 1 to 5.

MODES FOR CARRYING OUT THE INVENTION

25 The actuator 10 of the embodiment of the invention shown in Figs. 1
to 5 includes a main housing 11 which defines a shaft compartment 12, a

terminal compartment 13 closed by a terminal cover 14, a control



secured in an opening in the housing 11 by screws 59. As can be seen in
Fig. 3, the power cohpartnent 13 has a terminal 25 block 60 which is
secured to the housing 1 1 by screws 61. The cgatifi@tios r 3% hspl ay
wi ndow 62 and swi tches/buttons 63. Spgci fi ca?l on as gétlﬁ %%ﬁf)ecer?@%g—b;ooz
8 5 10 15 The Power control operation and indicator systens for the
actuator of Figs. 1 to 5 are shown in Figs. 6 and 7. Three phase mains
supply is provided by lines 100 to a power switching unit 101 which in turn
suppl i es i mamnpatmeol13 klosedibyla eentia govamts,iamawdlary compartenard®d power to
the nmotor 21 which rotates the shaft 17. In the event of no power and

manual oper&eedigs 3 %‘ét?t)é?‘?sﬂﬂa@kaﬁoﬂgr W-fﬂﬂ%ﬁﬁﬂ@%ﬁﬁ@%@?ﬂ G(E‘o(sﬁﬁef shaf t
ual . a “oal 7 . )
ot at :hgﬁ (nE5 I P99 5ﬁ§‘b§ﬁé b 5¥eL 3 Q‘ﬁ?\%ﬂﬁﬁs_ S g g3 8 Somn td
W 118, Vo i i
For a g versriti LAl Bl BhbSThhBEg 1o A Doing £0 Bt yserenoe

automagi cal é?(d E)ﬁﬁ\%tiild/ﬁti t‘lpe battery circuit through the switch 118. The
m croprocessor receives signals representing the tenperature of the

motor 21 via |1 nend QRaft ufGs RASIILICBY Bh didirie Adhér 21 hiling d H8tot 00 e

tenperature of the inverter via l'tne 107 and rotor Speed via i1 ne 115.
AL control tof thedHdueiy #1 an8ABADPYTRORLER 23 RIEAPRIO o HAsAT $hbyn turn
feeds speed requirenents and torque settings to the programmble |ogic

devi ce (RLDlutich®24.20 In Fig. 6, focal control is via keypad 117 and renote
control via 11 1. The followi ng paraneters are set via the keypad 117 prior
to the putting ihbesbaftvi7ovayalsorhe wiated by a rard whest2@frgnaniddlde nunber
Mode: OFF - LOCAL - REMOTE - CALI BRATE 25 Inching or Latchjng operation
mode 1Bmer geP@iRtioR yhendheralestric aatar 2 tisgwat opefrble dor sxample i theevent Tor que”
or "Close on ‘j_i.n‘it"fé',_l i ’I I S ecilfi cation as at: 23 Decenber 2002 9
Qpeni ng Spe%%o 58 ‘?@“%88}3’8’ y'Openi ng Torque Setting Nm C osing

Torque Setting N'ﬁ\% fsuﬁﬂ%%gﬁfdgrﬁrﬁd%rﬂg%|§%¥o§kg(g§%§ﬁ%r Dar i & Qrilylpage O0eN?

100% Close Limt se there are two

dedi cated k rg% ek to
LOCAL or CAEFB%X,%EBPTD gér %?F’a;%%g%b'?@ﬂgﬁé set‘ﬁ]ﬁgzérea o%[hlgﬁi?ﬁzﬁ% qui d

g; zlsf: Zl Cgins Egﬁlg S\gbg;xtl 33.0 Sg%teclibﬁ:h@ely@ﬂémmhg sKigt ZRoPEBtep Tover REace the
15 supports the bearing 19a. The hub 28 has a central aperture which receives
the shaft 17 with bearing 19 therebetween. The hub 28 is sealed with respect
to the shaft 17 by seal 29 and with respect to the top cover 25 by seal 30. In
this instance, the hanq wheel 20 is secured fo the hub 26 by pin 31.
The drive base 26 has a central aperture for receiving the end of the
20 shaft 17 which is supported by bearing 18. The drive base 26 is sealed with
resbect to the shaft 17 by seal 34. The drive base 26 is secured to the houging
| 11 by screws (not shown).
As can be seen in detail in Figs. 3, 4 and 5, the electric motor 21 is'
Ioca@ed above the drive base 26 with the stator 22 secured to a downwardly

25 depending skirt 35 of the housing 11. The stator 22 is secured to the skirt 35 by

screws 65. The rotor 23 is rotatably mounted on the




In Fig. 7 local control is via the hand held unit (infra-red emtter) 108
and renote control via 111. For local control and indication 112, there are

‘two switches nmounted on the control port of tRgedR\%tSEasatONEDS } Sod2
control either side of OFF for Local or Renote eration an € 0

sel ects either side of STOP the C ose of Open commands. The fol |l ow ng
paraneters are set via the hand held unit (infrared emtter) 108 prior to
the putting the device into service: Preferred access code nunber 20

I nchi i t d Iy t d ,
Lm0 o SRy 9, SR S8 TP LIS AR SR ST, S ooe
G 0e119, P ) ey LA PS8 TR0, WRagEL 07 g0 0 N
* S ificati ; ' ¥y I I d) 0%

e Lt oot ASYMRIATUOR Rt ol dsaubinny & epy g0 o5, 0

these control | i Nghed@i@eBlelE 40NinRbASEratdle ad@vh ¢8mpads e ieprivabefhceafel y. 5
Local indication ( 116 in Fig 6 and 112 in fig 7) is by three |ight

emttimg digArS i6 gedtbyaa skt 868nthat ¥ckedlrphapumerdetldtchingsisafy st Al
di splay (LCD) 110. The LED signals are CLOSED - ALARM - OPEN. The LCD 110

di spl ays alA lateht44 ngsichus pivgptéblyl mpanted avdwgantis Y5 vhaanpié- isdbiaved ues ar e
requested, plus 10 Position indication 0-100% increasi ng and decreasi ng
duri ng operkat spring ¥&geedusred wp tthe tcaen WG olg sCreyes 4@ . ol h@slerlutghitgpshadi ng on
direction and Open or Closed at the end of each travel. The follow ng alarm
i ndi cati on 47 lis binsedibypresyersping 505 InThiggde the iastaenisghewppmthe
abbreviation to fit 16 pixels) Torque Trip Cosing Mtor Tenperature

El ect r oni csMPERR@IE 019e-Battery Low 20 Wth rempte control and indication

B e g 00 o8B BT e St B 16 L5
Vol tage OK Eaul the 408 108 BEL! iRBnb8gH 678 R0 pins 896 LAGRN RTgoat 23
for manual operation of the shaft 17.
In Fig. 5, the actuator is shown in the manual mode with the drive
lugs 39 of the drive sleeve 40 held clear of the drive pins 38 of the rotor
15 hub 37 by the engagement of the tail 51 of the latch 44 with the shoulder

52 of the rotor hub 37 and the head 53 of the cam 46 with the cam ramp
43 of the drive sleeve 40.

The shaft sensor wheel 55 is mounted on the shaft 17 above the
drive sleeve 40. Between the wheel 55 and the drive sleeve 40 there is a
20 spring 56 which drives the drive sieeve 40 downwards when the tail 51 of
the latch 44 is removed from the shoulder 52 upon rotation of the rotor 23.
The shaft sensor wheel 55 is aligned with a shaft sensor cartridge 58
secured in an opening in the housing 11 by screws 59.
As can be seen in Fig. 3, the power compartment 13 has a terminal
25 block 60 which is secured to the housing 11 by screws 61. The control

cover 16 has a display window 62 and switches/buttons 63.



Optional renpte control is offered for: Anal ogue position control (used
for nodul ating devices) "Field Bus interface connection for renote
“calibration, control and On-Line interrogati ofpecHicidn £ARIBTheRNHBNRIES S
are stored in the mcroprocessor circuit 104. Custom sed software has been
witten to handle all operational and procedural functions as are required
to operate the device in accordance with specification for functional

requi renents. The programmbl e | ogic def ce (PLD) 1 13 is progranmed to
operate 10 the switching unit when receiving a signal fromthe Rotor Sense
Crcuits via line 114. The switching unit in turn operates the inverter

whi ch drives th | fndi | ' e 8et
determ ned by tﬁ%ﬁ%ﬁpgveegvjﬁo&-‘fﬁtﬁ%ﬁ?ﬁﬁfﬁg@e@&@toﬁ;@gﬁgﬁh?gggi vedcﬁ‘u?(t)?rr] t he

M Cropr oces§OEiqd04. toTherk ARBNN fMFigBUbShdt e frirek PhabBanameuppRerd. 15 The
PWM speed signal is controlled by the pre-set paranmeters in the
ni cropr ocesgekidedbf finet NEOGT €6l di gRleSHRRERINGPEMt NO 12AiICH 05 L. sUplieoUS
nodi fications may be made in details of design and construction w thout
departing finQettehd osctreugh limebi 03.0fThehavernes ¢0R proviatds pewer tdpleei fi cati on
as at: 23 Decenber 2002 12 CLAIMS: 1. An electrically-operated valve or
danpergact uaioror, 28 aivllichatotetes theastadt 1avi ng an actuating shaft that has an
operational torque requirenment greater than 10 Nm said
el ectri cal | y- opelrathedeventuet oo posvasransi mgnugl yperabions arkptietyibagkan is
interior, (ii) a drive shaft rotatably nounted within the_housing and
havi ng a fi peavidedi toisHeRlYeReWEHE0 ﬂh@ﬁ%{@h@m 6ENFIDE G 1 e TS he
actuating shaft of the valyve o'r danmper, . (iij) an electric nptor having a
rotor and a®8abling the fReording: of anyshaft retating {‘,"A?Rd{ﬂ"é’) &”'W@v%‘frlﬂﬂosn 3Pt or que
greater than 10 Nm.an ein nt ed_ wi t hi he housing w th. the rotor
Qosaxtal |y RebErea oo EnC ARt ARG Sty e, AR BR IS b bARTEAPEITGr ¢ e
housi g, an ' -f Ok rof lin . rati.on, of . An
nctuatsr aciorethatriaRaiefts Soetar M BENTraB EefbbinABy hafull e
speed, per : t | et el uat or
accordi ng ﬁ@gﬁ%isﬁ?mg?g%ﬁ%ﬁ%@l 'gétg{r??%t%n@t%oéét?%&g&ﬁfudha?trgrﬁgngﬁgdi rect
current not QL ipfehaged by pul se width nodulation. ,, r 4. An actuator
according to claim3 wherein the electric notor is adapted to provide an
i nfi gi tely vari abfite @idrdptocHze66 108 rebeives sk addreo¥Rting the edet er ni ned
speed range.

temperature of the motor 21 via line 105, the position of the shaft 17 via

15 line 106, the temperature of the inverter 102 via line 107 and rotor speed
via line 115.
All control functions are handled by the microprocessor 104 which in
turn feeds speed requirements and torque settings to the programmable
logic device (PLD) 113.
20 In Fig. 6, local control is via keypad 117 and remote control via 111.
The following parameters are set via the keypad 117 prior to the
putting into service of the device:-
* Preferred access code number
e Mode: OFF - LOCAL - REMOTE - CALIBRATE
25 ¢ Inching or Latching operation mode
¢ Emergency shutdown requirement Close, Open or Stop

e “Close on Torque” or “Close on Limit”

ettt o e entanan



Specification as at: 23 Decenber 2002 13 5. An actuator according to claim

3 wherein the electric notor is adapted to provide a constant torque over a

"predeterm ned speed range. 6. An actuator accgpddifRgtidPasdtad3Nbdceber Shdy t he

rotor is rotatably nmounted on the drive shaft and wherein the actuator
further includes a clutch for coupling t$e rotor to the drive shaft. 7. An
actuator according to claim6 wherein the clutch includes a drive sl eeve
slidably mounted on the drive shaft but not rotatable with respect to the

drive shaft, dri i rive sleeve, drive pins on the rotor and
Yor CReFIEF 5o I

spring means for rasing the drive sleeve-towards the rotor so

that the driveg pidSsiRsSfRgagee 8. An actuator according to claim7 and
further includi ng‘ca'ﬁﬁﬁné%lr%s adapted to engage the drive sleeve and nove the

"drive sleeve gwayddhiig requdbettimpMinist the action of the spring neans to

di sengage the drive pins. 9. An actuator according to claim@8 wherein the
ot her end of tde qlssing Tdralie SeatiagMiracted to a hand wheel adapted to rotate
the drive shaft when the drive pins are disengaged. 10. An actuator
accordimg to ol ai0peh Whdt eif nravet (Neaber b6 T uconts dlilly Openhd OQ%6r ati on of the
electric notor is a notor drive control conprising circuitry to drive and
protect the not orClasel LamttUfudly ¢losedf@¥%e control adapted to set the
operational paraneters of the actuator. Speci fication as at: 23 Decenber
2002 14 11. An adiudeen! carde dharg 2re Wwadadicptedl khwpad Butteasdenopen neans

i ncl udes a m croprocessor prqogramyed to allow the oP_er ati onaldgar aneters to

be set and t¥deREe é’tpéf%'f?'hl"‘ﬁf% %ﬂ%ﬂegnt? LEAL RS ?é BRALESR0dE 2  An
he oper ati onal A BEBFS S0S SN AR o1 BERHCBIG KGR FOUaY 119 A
3. AuLl, - A AOE AL, AL L ALL . A 9l . ASy, AL.. AL. A& A& | < '
Ayt gi d1_%] caj ) hCE]eég]cgp 'joéé'lﬂ Bg'ia@l%g J S\a]ncél]asg]t@%]d?%cceaﬁgp :ciapceé?ecgg] ca] ca] ca]
;gl gl;?] ca] caggf?]f_a] cMa]Jca]jcaljctaljca ~tO O

t RIAg{ vl db] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c
a] ca] ca] ca] ca]j C’\aﬂwCﬁ};S??] I68AICEdRPIIGa MR IIARASR held Qeselinkvd-red %ﬁ‘ﬂ@@r}s Algp] ca] ¢
Na] ca] ca] ca]ca]ca]caJca]ca]ca]ca]ca]ca]ca]ca]calca]calca]ca]ca]ca]ca]ca]cal
ca] ca] ca] c"aps@keabtdcéntrol via 111. For local control and indication 112, there are
EM WD ST\ x g SR8 H08 %r88&z upkf a\ W ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c”
Ia] c?]( ca] cal cajoaviatiea] salnted ahchkaant@) pattcdatimadiealea arad selpew! &Y&EE' 7'

X
)p))) * G5* * * +tontrbl either-side .of /QKir fdrck'dda] oaReajata]|@pémipaadrohileadtiercal cal ca]
ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal/S///40z000
<1ly11111124458leetoeitherrside of &1QR dhgSlogeea] Orahcdroajasssca] ca] ca] ca] cal] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] Qal_ca] cal 78
8B8D8Y99J: : S: he following parameters are set via the hand held anit {infrared

------ 2<4<F<H<<<<<== A i | A
1U]’ e emitter) 18 pgc’l%r o\t %‘%Bkgtﬁgdg&\c\gﬁ% ggr igé;l:]_caU] cajca]ca] cal c”a

Preferred access code number

20 ¢ Inching or Latching operation mode
e Emergency shutdown requirement Close, Open or Stop
e "Close on Torque” or “Close on Limit”
¢ Opening Speed RPM
¢ Closing Speed RPM
25 ¢ Opening Torque Setting Nm
s Closing Torque Setting Nm

¢ Open Limit of travel (Number of Turns to fully Open)} 100%
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operation, together with the words Closing or Opening

depending on direction and Open or Closed at the end of each

travel.
The following alarm indication will be displayed for:-
15 ¢ Torque Trip Opening (apply abbreviation to fit 16 pixels)
e Torque Trip Closing
e Motor Temperature
e Electronics Temperature
e Battery Low
20 With remote control and indication 111, the standard control

functions are Open-STOP-Close as with the local control. Indication is for:

¢ Fully Closed

« Fully Open

* Remote Selected
25 ¢ Voltage OK

s Fault

e 4-20 mA Position Indication
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10%3& () - 10968 (1, AU soHBAUFAS Deerl ARG ATRELHEDatibha 4RE) [ <bC
procedural functions as are required to operate the device in accordance
with specification for functional requirements.
The programmable logic device (PLD) 113 is programmed to operate
10 the switching unit when receiving a signal from the Rotor Sense Circuits via
line 114. The switching unit in turn operates the inverter which drives the
motor 21. The duration of the switching pulse is determined by the puise
width modulating (PWM) signal received from the microprocessor 104.
The longer the pulse the faster the motor speed.
15 The PWM speed signal is controlied by the pre-set parameters in the
microprocessor 104 for the required speeds opening and closing.
Various modifications may be made in details of design and
construction without departing from the scope or ambit of the present

invention.
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$10%ixux& () 1585 ﬁ\m'A.‘]sAa/i\dA‘ el rlcéﬁslf-jopga!teé‘ LA comprising:

(i) a housing having an interior,

¢ (ii) a drive shaft rotatably mounted within the housing and
* having a first end which extends from the housing for
coupling to the actuating shaft of the valve or damper,
(i)  an electric motor having a rotor and a stator, the electric

motor being capable of developing a torque greater
than 10 Nm and being mounted within the housing with
the rotor co-axially mounted on the shaft and the stator
fixed to the interior of the housing, and

(iv)  means for controlling the operation of the motor.

2. An actuator according to claim 1 wherein the electric motor is a variable

speed, permanent magnet, constant torque electric motor.

3. An actuator according to claim 2 wherein the electric motor is a high ,
torque, direct current motor operated by pulse width modulation. o
4, An actuator according to claim 3 wherein the electric motor is adapted to -

provide an infinitely variable output speed of the drive shaft over a

predetermined speed range.
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5. An actuator according ta claim 3 wherein the electric motor is adapted to

provide a constant torque over a predetermined speed range. -

6. An actuator according to claim 1 wherein the rotor is rotatably mounted
on the drive shaft and wherein the actuator further includes a clutch for
cobpling the rotor to the drive shatt.

« 1. An actuator according to claim 6 wherein the clutch includes a drive
sleeve slidably mounted on the drive shaft but not rotatable with respect to the
drive shaft, drive pins on the drive sleeve, drive pins on the rotor and spring

means for normally biasing the drive sleeve-towards the rotor so that the drive

pins are engaged.

8. An actuator according to claim 7 and further including cam means
adapted to engage the drive sleeve and move the drive sleeve away from the

rotor against the action of the spring means to disengage the drive pins.

9. An actuator according to claim 8 wherein the other end of the drive shaft

is connected to a hand wheel adapted to rotate the drive shaft when the drive

pins are disengaged.
10.  An actuator according to claim 1 wherein the means for controlling the
operation of the electric motoris a rﬁotor drive'control comprising circuitry to

drive and protect the motor and a human interface control adapted to set the

operational parameters of the actuator.
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