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(57) Abrégée/Abstract:

A system and method Is disclosed for intelligent power management of actuators such as those used in papermaking. Multiple
power supply units are connected to a common power bus. The power bus Is connected at predetermined locations to a
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(57) Abrege(suite)/Abstract(continued):

communications bus. The communications bus Is connected In series with all of the actuators. The actuators are arranged In
predetermined groups. A computing device determines If electrical power can be supplied to some or all of the actuators that are

requesting simultaneous movement and If there Is insufficient power for all such actuators the computing device issues permission
for actuators to move based on a preselected criteria.



6/089718 A3 01 V1) A0 D 000 A RS AR AR

—

CA 02596396 2007-07-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [#

International Bureau

(43) International Publication Date
31 August 2006 (31.08.2006)

(51) International Patent Classification:
GO5B 19/418 (2006.01) HO02J 1/14 (2006.01)
HO02J 1/10 (2006.01)

(21) International Application Number:
PCT/EP2006/001569

(22) International Filing Date:
22 February 2006 (22.02.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/656,080 24 February 2005 (24.02.2005) US

(71) Applicant (for all designated States except US): ABB
LTD. [IE/IE]; Belgard Road, Tallaght, Dublin 24 (IE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): COLLINS, John
[IE/IE]; 15 Beech Drive, Drumillard, Castleblaney, Co.
Monaghan (IE). O’HIGGINS, John [IE/IE]; 23 Chapel
Street, Dundalk, Co. Louth (IE). GALLAGHER, Cathal
[IE/GB]; Shragraddy, 24 Greenan Rd., Newry, Co. Down,
Northern Ireland BT34 2PJ (IE).

(74) Agent: MARKS, Frank; c/o ABB Patent GmbH, PAT 6,
Oberhausener Strasse 33, 40472 Ratingen (DE).

(10) International Publication Number

WO 2006/089718 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CFE, CG, CI, CM, GA,

GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
25 January 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: INTELLIGENT POWER MANAGEMENT FOR ACTUATORS

Intelligent Power Management Scheme

Multiple PSUs (10)
< ‘i; > L\t ——————————— - QS - t\t
Power Busbars (12) < B < & | g s
Remote \ _ .
CPU . .
(22) . :
18a )
162 Individual Fusing 106
Power ‘ F’ovmerl9
14 -k 3
I L':C'gém b 7 A TN 21 200
:  RS-485 N
214

7

—

To Power Busbars (12)

i amn el s s s sl smm A et

Actuator Connectors

W SN S S S SR b SR B B e M bl s e s ey e By s e oy e

2"¢ and successive Communication Set(s) (21),

l-.-’-'-- I
To Remote CPU (22) ]

[
T A T T Te Taa T

llllllll

100000

T Std. 8 Actuator Harness (14a) Z Std. 6 Actuator Harness (14b)

Comms 1s passed thiuw’ but Power is not, the power for
the second group comes from the second Power cable.

A\ IDED
MW

i
|
T T !
|
TnonontL !
[T |l U L I

(57) Abstract: A system and method is disclosed for intelligent power management of actuators such as those used in papermaking.
& Multiple power supply units are connected to a common power bus. The power bus is connected at predetermined locations to
N, communications bus. The communications bus is connected in series with all of the actuators. The actuators are arranged in
predetermined groups. A computing device determines if electrical power can be supplied to some or all of the actuators that are
requesting simultaneous movement and if there is insufficient power for all such actuators the computing device issues permission

for actuators to move based on a preselected criteria.
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Intelligent Power Management For Actuators

Cross Reference To Related Application

This application c¢laims the ©priority of U.S.

provisional patent application Ser. No. 60/656,080 filed

on February 24, 2005, entitled "Intelligent  Power

Management For Actuators"” the contents of which are

relied upon and incorporated herein by reference in their

g

entirety, and the Dbenefit of priority under 35 U.S.C.

119 (e) is hereby claimed.

1. Field of the Invention
This 1invention relates to actuators, such as those
used on devices mounted on paper making machines and more

o o

particularly to the management of the electrical power for

the actuators.

2. Description of the Prior Art

g
p—
_—

a sheet material such as

In the modern production oj

paper, a continuous fiber/water slurry 1s formed as a

moving web. The slurry is in a headbox and 1s deposited

from the headbox through a long horizontal slit onto a

perforated web or wire. As 1s described in U.S. Patent
No. 6,382,044 entitled “Actuator Having A Rotational
Power Source”, the disclosure of which 1s hereby

incorporated herein by reference and is assigned to the

assignee of the present invention, a long stainless steel

bar or “slice lip” comprises the top of the slit opening.

go—
—

Attached to the slice 1lip are a multiplicity of

spindles or Y“slice rods” which are equally spaced across

P

the slice 1lip. The opening or closing of the slice 1lip

determines the paper density or “basis weight” of the

—

paper transverse to the direction of wire travel. Each

spindle has associated therewith an actuator, known as a

slice lip actuator, that imparts a linear force to 1its

associliated spindle to thereby non-permanently deform the

associated portion of the slice lip. As the slurry moves

down the machine used to make the paper the water 1s

removed to leave the fiber which forms the paper sheet.
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U.S. Patent Application Serial No. 11/063,512 (“the
‘512 Application”) filed on February 23, 2005 entitled
“Actuator System For Use In Control Of A Sheet Or Web

Forming Process”, the disclosure of which 1s hereby

incorporated herein by reference and 1is assigned to the
assignee of the present invention and an assignee related

to the present assignee, shows in Fig. 1 and describes

various other actuator driven devices known as profilers

that may also be used at wvarious locations on the typical

papermaking machine.
As can be appreciated, electrical power is needed to
operate each actuator. The typilcal arrangement for

supplying power to the actuators includes a multiplicity

of power supply modules. As 1is shown 1n the Dblock

pr—

diagram of Fig. 5 herein, each module 1in the form of a

PSU 50a to 50n supplies power to a predetermined number

of actuators which are shown 1n Fig. 5 1in block form as

actuator bank 1 52a to actuator bank n 52n. Therefore,

the failure of one or more power supply modules causes

the actuator driven device to not function properly which

F
—=

has a direct effect on the qgquality of the paper made on

the machine. Thus it is desirable to provide an

arrangement for providing power to the actuators that

allows the actuators to continue to function even 1f one
or more power supply modules should fail.

The present invention solves the above problem by

allowing for continued operation of an actuator system
during failure of a single or multiple power modules.

Summary of the Invention

A system for managing the actuation of a

pa—

multiplicity of actuators each actuated by electrical

power, said actuators arranged 1n two or more groups of

gpr—
—

actuators each having a predetermined  number of

actuators, said system comprising:

two or more power supply units connected to a common

power bus; and
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pr—=
—

a communications bus connected in series to all of

pr—
oy

said actuators in all of said two or more Jgroups O:

actuators, said common power bus connected to said

communications bus at one or more predetermined locations

to supply power to a predetermined number of sailid two or

more groups of actuators.

A computer program  product for managing the
actuation of a multiplicity of actuators each actuated by

electrical power, said actuators arranged 1in two or more

groups of actuators each having a predetermined number of

actuators, said computer program product comprising:

computer usable program code configured to monitor

the power available from said two or more power supply

units; and

computer usable program code configured to determine

from said available power from said two or more power

o

supply units how many of said multiplicity of actuators

can be simultaneously actuated.

g

A method of managing the actuation of a multiplicity

N -y

O actuators each actuated by electrical power, said

p—

actuators arranged 1n two or more groups of actuators

each having a predetermined number of actuators, said

method comprising:

monitoring the power available from said two or more

power supply units; and

determining from said available power from said two

Or more power supply units how many of said multiplicity

of actuators can be simultaneously actuated.

Description of the Drawing

Fig. 1 shows the power management system of the

present i1nvention for two groups of actuators.

Fig. 2 shows the power management mechanism of the

present invention for one power cable supplying electrical

power to more than one group of actuators.

Fig. 3 1s a flowchart of the method for the present

invention.
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"Fig. 4 1is a flowchart showing more detail for the

power management module shown in Fig. 3.

Fig. 5 1is a simplified block diagram showing the

typical prior art arrangement for supplying electrical

power to a multiplicity of actuator groups.

Detailled Description

As will be appreciated by one of skill in the art,

the present invention may be embodied as a method,

“"system, or computer program product. Accordingly, the

present i1invention may take the form of an entirely

hardware embodiment, an entirely software embodiment

(including firmware, resident software, micro-code, etc.)

or an embodiment combining software and hardware aspects

that may all generally be referred to herein as a

“circuit,” “module” or “system.”

Furthermore, the present invention may take the form

of a computer program product on a computer-usable or
computer-readable medium having computer—usable program
code embodied in the medium. The computer-usable or
computer-readable medium may be any medium that can

contain, store, communicate, propagate, or transport the

program for use by or in connection with the instruction

execution system, apparatus, or device and may by way of

example but without limitation, be an electronic,

magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or propagation

medium or even be paper or other suitable medium upon

which the program is printed. More specific examples (a
non-exhaustive list) of the computer-readable medium

would 1include: an electrical connection having one oOr

more wires, a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory (ROM), an

erasable programmable read-only memory (EPROM or Flash

memory), an optical fiber, a portable compact disc read-

only memory (CD-ROM), an optical storage device, a
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transmission media such as those supporting the Internet

or an intranet, or a magnetic storage device. may be.

Computer program code for carrying out operations of

the present invention may be written 1n an object

oriented programming language such as Java, Smalltalk,

C++ or the like, or may also be written in conventional

procedural programming languages, such as the “C”

programming language.  The program code may execute

entirely on the user's computer, partly on the user's

computer, as a stand-alone software package, partly on

the user’s computer and partly on a remote computer oOr

entirely on the remote computer or server. In the latter
scenario, the remote compuf:er may be connected to the
user’s computer through a local area network (LAN) or a
wide area network (WAN), or the connection may be made to

an external computer (for example, through the Internet

using an Internet Service Provider).

Referring now to Fig. 1, there 1s shown the actuator

power management system of the present invention. As 1s

shown in Fig. 1, all of the power supply units (PSUs) 10

are connected to a common power busbar 12, which 1n turn

acts as a power reservolir for the entire system of
multiple actuators 14. The PSU’s 10 are of a type

designed to be connected in parallel, 1.e. they contain

diodes so as to prevent the backflow of power from other

working PSUs in the event of a failure of an i1individual
PSU.

As 1s also shown in Fig. 1, actuators 14 are usually

arranged in standard group sizes such as the eight

actuators of group l4a or the six actuators of group 1l4b.

It should be appreciated that while actuator group sizes

having eight and six actuators are shown in Fig. 1 that

other group sizes may be considered suiltable for other

actuator types or applications. It should also be

appreciated that a typical headbox or profiler may have a

hundred or more actuators and thus the two actuator
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groups l4a and 1l4b totaling 14 actuators 1s shown in Fig.

—

1 solely for the ease of illustration and additional

groups of actuators may also be 1mplemented wusing the

same Iimplementation scheme as is shown in Fig. 1 for
groups lda and 1l4b..

Power 1s distributed to the actuator groups 1l4a and

14b through multiple power cables 1loa and 1l6b each of

which have an associated fuse 18a and 18b, respectively.

All or several of the actuator groups assoclated with a

typical headbox or profiler are, as is shown 1in Fig. 1

for actuator groups l4a and 14b, connected in series to

form a common communications bus(es) consisting of bus

segments 20a and Z20b. The power 1s injectéd onto this

common bus from power cable 1l6a at device 34a and from
power cable 16b at device 34b such that power is provided

for the down 1line actuators up to the next power

injection device. Thus, the power from cable 1l6a 1is

injected at device 34a into the bus segment 20a to

provide power for the eight actuators of group 1l4a and

the power from cable 1l6b is injected at device 34b 1nto

-

the Dbus segment 20b downstream from the actuators of

group l4a to provide power to the actuators of group 1l4b.

Devices 34a and 34b are 1identical and the wiring for

device 34a is shown 1n Fig. 1. Devices 34a and 34b are

known as a Power Tee and are available as of the filing

date of this application from InterlinkBT. Devices 34a

and 34b may, or may not, include a diode, as indicated 1in

the diagram, depending on reguirements.

As can be appreciated, the next power injection

cable location 1s dependant on the amount of power

iy

required by the i1intervening actuators and the rating of

I

the cables used. For example as is shown 1in Fig. 2, 1t

the power requirements of actuator groups 1l4a and 1l4b are

low enough then the power cable 16a can supply power to

both group of actuators with the power first passing

through the actuators of group 1ld4a and then to the
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Thus, 1in accordance with the present invention,
power may be passed through to the next group of

actuators as 1s shown 1in Fig. 2 or may be supplied

separately by breaking power connections and injecting

power into the next group using an additional power cable

and associated injector as shown in Fig. 1 for cable 1l6b
and injector 34b.

The present invention is intended for use with
actuators that have a low (or zero) standby (or holding)
power usage but have much higher power requirements

during actuation, resulting in a change to the actuators

position or i1influence, for example, 20mA at rest and

800mA during actuation. A typical example of these

actuator types are known to those of ordinary skill 1n
the art as electro-mechanically actuated actuators.

As 1s shown 1in Figs. 1 and 2, the actuator system of
the present invention is controlled by a single processor
unit (CPU) 22. As 1is shown 1in Fig. 3, CPU 22 1n a
typical arrangement contains an algorithm 24  that
comprises a setpolint checking module 20, a power
management module 28 and a communications module 30 which
in combination actively monitors the available power and

g—

determines the number of actuators that can be actuated

simultaneously. The setpoint module 26 may be omitted

from the arrangement as 1t 1s not essential to the

operation of the present invention. As Fig. 3 also
shows, the CPU 22 also contains the models 32 that
control the movements of the individual actuators. There

- 18 one model for each actuator.

The setpolint checking module 26 determines 1f the

actuator setpoint is within limits. The module 26

receives the actuator setpoints from one or more quality
control systems (QCSs) which are connected to a paper

machine or other machine that has actuator driven

devices. A further description of the connection of the
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one or more QCSs to the actuator driven devices 1s found
in the ‘512 Application. The module 26 also determines
if the desired setpoint would cause the actuator driven

device such as a slice lip to exceed predetermined

bending constraints. If not, the module 26 communicates
with that part of the models 32 that checks for the

movement required by individual actuators.

In response, each of the models 32 request

permission to move their associated actuator if they are

deemed by the individual models 32 to require movement.

—

It should be appreciated that not all of the actuators

may require movement in response to a change in actuator

setpoints from the QCS. As 1s shown in Fig. 3 and in
more detail in Fig. 4, the models 32 1in CPU 22 that

control the movements of the individual actuators must

request permission from the power management module 28

before each movement instruction 1s sent to an actuator.

Thus the request for permission to move the actuators 1is

communicated to the power management module 28. That

module determines in combination with status signals from

the PSUs 10 if sufficient power is available to move all

of the actuators that must be moved 1n response to the

actuator setpoints from the QCS. If sufficient power 1is
available the module 28 grants the request and

communicates that grant to the actuator models 32.

The models 32 then calculate the amount of movement

and direction that 1s needed and generates commands to

the actuators that when received by the actuators cause

the associated actuator to move the desired amount.

Those commands are communicated to the communlications

module 30 which 1in turn transmits the step move to the

actuators.

Referring now to Fig. 4, there is shown more detail

of how the power management module 28 in combination with

the status signals from the PSUs 10 determines 1f there

F

is sufficient power to move all of the actuators that
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must be moved and what happens 1f sufficient power does

not exist at that time. As 1is shown in Fig. 4, the

module 28 compares the number of requests for movement

from the actuator models 32 with the available power

based on the tuning parameters.

r—

If there 1s not sufficient power to simultaneously

honor all requests, the module 28 issues permission using

a predetermined criteria up to the maximum available

power and grants permission to the actuator models 32 as

shown in Fig. 3. That criteria can be based upon first

come, requlred movement amplitude, a priority level

(fixed or calculated) or other criteria chosen using
tuning parameters in the power management module 28. For
example, 1n a situation where the system requires the

-

simultaneous movement  of l6 actuators, the power

algorithm 28 reviews the available power and the movement

requests. If power 1s availlable to move only 10
actuators simultaneously, the algorithm 28 issues
permission to the models 32 to move the first 10

actuators that requested the power and only allow

movement of the remaining six actuators after more power

becomes available. It should be appreciated that the 16

actuators to be moved may only be a subset of the

actuators forming the system and can be located anywhere
on the head box and in any combination of groups as each

actuator has 1ts own model 32 and thus behaves

independently of the other actuators.
Further as each actuator completes 1its requested

movement, 1ts associated model 32 releases the movement

request. This frees power for the other actuators. An

oversight routine 1n each actuator model 32 ensures that

the model 32 does not keeping asking for permission once

1ts actuator is deemed to have completed its movement.

Tt 1s to be understood that the description of the

foregoing exemplary embodiment(s) is (are) intended to be

only illustrative, rather than exhaustive, of the present
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invention. Those of ordinary skill will be able to make
certain additions, deletions, and/or modifications to the
embodiment (s) of the disclosed subject matter without

departing from the spirit of the invention or its scope,

as defined by the appended claims.
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What is claimed is:

1. A system for managing the actuation of a

multiplicity of actuators each actuated by electrical

ry

power, said actuators arranged in two oOr more groups Of

actuators each having a predetermined number of
actuators, said system comprising:

two or more power supply units connected to a common
power bus; and

 anad
-

3 communications bus connected in series to all of

g—
—

salid actuators 1in all of said two or more groups oI

actuators, said common power Dbus connected to saild

communications bus at one or more predetermined locations

to supply power to a predetermined number of sald two or

more groups of actuators.

2. The system of c¢laim 1 further comprising a

P

computing device for communicating over said

i

communications bus with said multiplicity of actuators.

3. The system of claim 2 wherein saild computing

H

device issues commands for managing the actuation of said

multiplicity of actuators.

4, The system of claim 3 wherein said computing

-

device manages the actuation of said multiplicity of

actuators based on power avallable from said two or more

power supply units and on the actuation requirements of

cach of said multiplicity of actuators.

5. The system of claim 2 wherein said computing

device comprises program code usable by said computing

device, said program code comprising:

code configured to monitor the power available from

said two or more power supply units; and

code configured to determine from said available

power from said two or more power supply units how many

of said multiplicity of actuators can be simultaneously

actuated.

0 . The system of claim 5 wherein sailid program code

usable by said computing device further comprises:
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code configured to determine from a status signal

from each of said two or more power supply units and the

number of said multiplicity of actuators requesting

—

movement if sufficient power is available from two or

)

more power supply units to move all of said actuators

requesting movement.

7. The system of claim 6 wherein sald program code

usable by said computing device further comprises:

code configured to generate commands to move all of

said actuators requesting movement when it 1s determined

that sufficient power 1s available to move all of said

actuators requesting movement.

iy

o The system of claim 6 wherein saild program code

usable by said computing device further comprises:

code configured to generate commands to move some oOf

said actuators requesting movement when it i1s determined

g
iy

that sufficient power 1is not available to move all of

said actuators reguesting movement.

9. The system of claim 8 wherein said program code

usable by said computing device further comprises:

code configured to generate said commands to move

some of said actuators requesting movement using a

predetermined criteria for determining which of said

actuators requesting to be moved are moved when there 1s

F

insufficient power to simultaneously move all of said

actuators requesting movement.

10. A computer program product for managlng the

F

actuation of a multiplicity of actuators each actuated Dby

electrical power, said actuators arranged in two oOr more

-
—

groups of actuators each having a predetermined number of

actuators, said computer program product comprising:

computer usable program code configured to monitor

the power available from said two or more power supply

units; and

computer usable program code configured to determine

from said available power from said two Or more pOwer
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supply units how many of said multiplicity of actuators
can be simultaneously actuated.

11. The computer program product of claim 10

further comprising computer usable program code

=

configured to determine from a status signal from each of

-y

said two or more power supply units and the number of

F
pu—

said multiplicity of actuators requesting movement 1f

-
b

SU

"icient power 1s avallable from two or more power

supply units to move all of said actuators requesting

movement.
12. The computer program product of c¢claim 11
further comprising computer usable program code

r—

configured to generate commands to move all of said

actuators requesting movement when 1t i1s determined that

g i
=l ha—

ficient power 1is available to move all of said

SU

actuators requesting movement.

13. The computer program product of claim 11
further comprising computer usable program code
configured to move some of said actuators requesting

movement when it 1s determined that sufficient power 1is

et

not available to move all of said actuators requesting

movement.
14. The computer program product of claim 13
further comprising computer usable program code

gy

configured to generate said commands to move some of said

actuators requesting movement using a predetermined

criterila for determining which of sald actuators

requesting to be moved are moved when there 1is

F

insufficient power to simultaneously move all of said

actuators regquesting movement.

15. A method of managing the actuation of

a
multiplicity of actuators each actuated by electrical

N

power, sald actuators arranged in two Or more groups O:

h

actuators each having a predetermined number of

actuators, sailid method comprising:

monitoring the power available from said two or more
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power supply units; and

determining from said availlable power from said two

Or more powelr

16. The

supply units how many of said multiplicity

of actuators can be simultaneously actuated.

method of claim 15 further comprising

determining from a status signal from each of saild two or

more powelxr

multiplicity

sufficient po

supply units

supply units and the number of said

of actuators requesting movement 1t
wer 1s avallable from two or more power

to move all of said actuators requesting

movement.
17. The method of claim 16 further comprising
generating commands to move all of said actuators

requesting movement when it is determined that sufficient

_
pa—

power 1s available to move all of said actuators

requesting movement.

18. The

method of claim 16 further comprising

moving some O:

is determined

—

" saild actuators requesting movement when it

that sufficient power 1s not available to

move all of said actuators requesting movement.

19. The

method of c¢claim 18 further comprising

gr—

generating said commands to move some oOf sald actuators

requesting mo

vement using a predetermined criteria for

determining which of said actuators requesting to be

moved are mo

N

ved when there 1is 1insufficient power to

pr

simultaneously move all of said actuators requesting

movement.
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Intelligent Power Management Scheme
Multiple PSUs (10)
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