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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2014/059407 A l
17 April 2014 (17.04.2014) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G07D 11/00 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number:

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US20 13/0648 16 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

14 October 2013 (14.10.201 3) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW.
61/795,236 12 October 2012 (12. 10.2012) U S

(84) Designated States (unless otherwise indicated, for every
(71) Applicant: DIEBOLD SELF-SERVICE SYSTEMS, DI¬ kind of regional protection available): ARIPO (BW, GH,

VISION OF DIEBOLD, INCORPORATED [US/US]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
5995 Mayfair Road, North Canton, Ohio 44720-8077 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(72) Inventor: MA, Songtao; 553 Greystone Drive,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Wadsworth, Ohio 44281 (US).
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(74) Agent: DONOVAN, Larry B.; Black, Mccuskey, Souers KM, ML, MR, NE, SN, TD, TG).
& Arbaugh, LPA , 220 Market Avenue, South, Suite 1000,
Canton, Ohio 44702 (US).

[Continued on nextpage]

(54) Title: POWER MANAGEMENT FOR AN AUTOMATED BANKING SYSTEM

(57) Abstract: An automatic banking machine operates responsive to data
read from data bearing records corresponding to authorized user or financial
account data. The machine includes a card reader for reading data from user
cards. The automated banking machine causes financial transfers related to
financial accounts that correspond to data read from user cards. The auto
mated banking machine also includes devices that control the supply of
power to included devices to avoid exceeding power supply capacity.

FIG. 1



Declarations under Rule 4.17 : before the expiration of the time limit for amending the
— as to the identity of the inventor (Rule 4.1 7(i)) claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))
Published:



POWER MANAGEMENT FOR AH AUTOMATED A SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

0 0 1 This application, pursuant to 35 U.S.C. § ), claims the benefit of

Provisional Application 81/795,238 filed on October 12, 2012, the contents of which are

hereby incorporated by reference

TECHNICAL FIELD

[0002] This invention relates to managing the power consumption of an automated

banking machine

BAC GROU D

[0003] Automated banking machines, frequently referred to as Automated Teller

Machines or "ATMs," may include a card reader that operates to read data from a

bearer record such as a user card. Automated banking machines may operate to cause

the data read from the card to be compared with other computer stored data related to

the bearer or their financial accounts. The machine operates at least in part in response

to the comparison determining that the bearer record corresponds to an authorized

user, to carry out at least one transaction which may be operative to transfer value to or

fro at least one account. A record of the transaction is often printed through operation

of the automated banking machine and provided to the user. Automated banking

machines may be used to carry out transactions such as dispensing cash, the making of

deposits, the transfer of funds between accounts and account balance inquiries. The

types of banking transactions that may be carried out are determined by the capabilities

of the particular banking machine and system, as we l as the programming of the

institution operating the machine.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of an example automatic banking

machine upon which an example embodiment may be i ple ented

[ i Figure 2 is a schematic side view of the example automatic banking machine

of Figure 1.

[ 00 ] Figure 3 is a schematic vie of a control system for devices within an

automatic banking machine.

007J Figure 4 is a schematic view showing an example software architecture

[0008] Figure 5 is a schematic representation of a power control system for use in

an example automated banking machine.

f Figure 8 is a circuit diagram of a traditional stepper motor drive illustrating a

discharging process.

[00 1 Figure 7 is a circuit diagram of a traditional stepper motor drive illustrating a

charging process.

[00 Figure 8 is a circuit diagram of an example embodiment of a unipolar

stepper boosted drive circuit.

[00 ] Figure 9 is a circuit diagram of an example embodiment of a bipolar stepper

boosted drive circuit.

013 Figure 1 is a circuit diagram of an example embodiment of a bipolar stepper

motor drive illustrating an example initial charging process.

[0S141 Figure 1 is a circuit diagram of an example embodiment of a bipolar stepper

motor drive illustrating an example boost-discharging process.

Figure is a circuit diagram of an example embodiment of a bipolar stepper

motor drive illustrating an example boost-charging process



[ 0 ] Figure 3 is a circuit diagram of an example embodiment of a bipolar stepper

motor drive illustrating an example hold-charging process.

[0 ] Figure 4 s a graph illustrating a stator current charge and discharge

process illustrating example inductor charge/discharge curves

[0 ] Figure 1 is a graph illustrating a torque preservation and toss percentage.

[0019] Figure 1 is a graph illustrating a theoretical stator current curve charge-

discharge speed comparison.

02 | Figure is a graph Illustrating a measured stator inductor current waveform

comparison.

[0 2 Figure 1 is a graph illustrating a measured stator inductor voltage waveform

comparison.

OVERVIEW OF EXAMPLE EMBODIMENTS

The following presents a simplified overview of the example embodiments in

order to provide a basic understanding of some aspects of the example embodiments.

This overview is not an extensive overview of the example embodiments. It is intended

to neither identify key or critical elements of the example embodiments nor delineate the

scope of the appended claims its sole purpose is to present some concepts of the

example embodiments in a simplified form as a prelude to the more detailed description

that is presented later.

[0023] In accordance with an example embodiment, there is disclosed herein,

DESCRIPTION OF EXAMPLE EMBODIMENTS



[0024 This description provides examples ot intended to li t the scope of the

appended claims. The figures generally indicate the features of the examples, where it

is understood and appreciated that like reference numerals are used to refer to like

elements. Reference in the specification to "one embodiment" o embodiment" or

"an example embodiment" means that a particular feature, structure, or characteristic

described is included in at least one embodiment described herein a d does not imply

that the feature, structure, or characteristic is present in all embodiments described

herein

[0025] Refer ng now to the drawings and particularly to Figure 1 there is shown

therein an example embodiment of an automated banking machine that operates to

cause financial transfers using information read from bearing records in the fo r of

user cards generally indicated . In the example embodiment automated banking

machine is an A , however the features described and claimed herein are not

limited to any particular type of automated banking machine. The example machine

includes a housing 12. In the embodiment shown, housing 12 includes an upper

housing area 14 and a lower housing area 1 including a secure chest portion .

Access to an Interior area of the chest portion 1 is controlled by a chest door 20 (see

Figure 2) which when unlocked by authorized persons, enables gaining access to the

interior area 22 of the chest area. In an example embodiment, access to the upper

housing area 14 may be made through an appropriate opening in the housing 12. The

opening to the interior area of the upper housing portion may also be controlled by a

movable door. n example embodiments, the opening may be n a front, rear or side of

the housing. In other embodiments, the housing may include several openings to the

interior area. n an example embodiment, the chest door 20 may be situated at the front

of the housing, for so called "front-load" machines or at the rear of the housing for "rear-

load" machines. Examples of banking machine housing structures are shown in U.S.

Patent os ,1 6,296; 7,156,297; 7,165,767; and 7,004,384 the disclosures of which

are incorporated herein by reference in their entirety.



[0026] An example embodiment includes devices and methods operable as a video

and audio system to support service personnel in servicing a machine, as explained in

further detail below. In an example embodiment, the machine includes number of

transaction function devices that must be serviced from time to t i e . These transaction

function devices are associated with components of the machine such as a card reader

24 and a keypad 28. The card reader and keypad serve as input devices through which

users can input instructions and information. t should be understood that as referred to

herein the keypad may include function keys or touch screen areas which ay be used

in example embodiments to Input data into the machine. Machine further includes a

visual display 28 generally operative as an output device to provide information to users

of the machine. The information provided ay include information concerning cash

dispensing transactions. The card reader is used to read data from user cards that can

be used to identify customer financial accounts to the machine. n some embodiments

the card reader may be a magnetic stripe type reader n other embodiments the card

reader may be a smart card reader, a contactless reader such as a radio frequency

identification (RF D reader, a NFC reader or other wireless communication port.

f¾027 Figure 2 shows a schematic view of an example hardware configuration of an

example machine. Machine includes additional transaction function devices. Such

transaction function devices may include a document dispensing mechanism, including

a dispenser, schematically indicated 30, which operates to cause sheets such as

currency bills or other documents of value stored within the machine to be delivered

from or otherwise made accessible from outside the machine to a machine user. Such

mechanisms are referred to herein as a cash dispenser Examples of such cash

dispensers are shown in U.S. patent os. 7,121 ,461 ; 7,131 ,576; 7,140,537; 7,140,807;

7,144,006; 7,000,832; and 8,052,044 the disclosures of which are incorporated herein

by reference in their entirety.

[0028] The example machine 1 further includes a depository 32. The depository 32

accepts deposits such as cash or other instruments such as checks from customers. t

should be understood that in other example embodiments other types of depositories



which accept various types of items representative of value may b e used. Examples of

depository devices are shown n U.S. Patent os 7,044,386; 7 , 56,295; 7,137,551;

7,150,394; 7,021529; 8,052,046; and 8,061 ,591 the disclosures o f which are

incorporated hereby by reference in their entirety. Example machines may also include

a note acceptor of the types described in the incorporated disclosures. The example

embodiments may snciude a printer 34 operative to p nt customer receipts related to the

transaction. The example embodiments may include other transaction function devices,

such as a coin dispenser, coin acceptor, currency stacker, ticket accepting devices,

stamp accepting devices, ca d dispensing devices, money order dispensing devices,

and other types of devices which are operative to carry out transaction functions . Some

of these devices ay be located in the upper or lower housing areas, all generally

schematically represented as 36. t should be understood that the machine shown in the

drawings is merely illustrative and automated banking machines of various

embodiments may include a variety of transaction function devices and component

configurations,

02SJ n an example embodiment, one or more of the transaction function devices,

i.e., keypad 26, display 28, dispenser 30, printer 34, or other devices 36 communicate

through and ere operated responsive to signals passed through device interfaces

schematically represented as 40 (see Figure 3) The device interfaces communicate

with the transaction function devices on an interface bus 42 which in example

embodiments may be a universal serial bus (USB). The messages which control

operation of the various transaction function devices are communicated through the

interface bus 42. At least one computer which is also referred to as a terminal controller

or processor 48 operates the machine by communicating messages to the device

interfaces to control the transaction function devices.

[0830] For purposes of simplicity, this example embodiment will be described as

having a single controller 48 which controls the operation of devices within the machine.

However, it should be understood that such reference shall be construed to encompass

mu ti contro te r and multiprocessor systems as may be appropriate in controlling the



operation of a particular machine. For example some embodiments may operate using

principles described in U.S. Patent s. 6,2 4 1 or 6,131 ,809 or U.S. Patent

Application Serial No. 13/088,272 filed April 1 , 201 1 the disclosures of which are

incorporated herein by reference n their entirety. The controller is alternatively referred

to herein as a terminal processor. As schematically represented, the controller 48 is in

operative connection with one or more data stores 50. Such data stores may include for

example, articles bearing computer executable instructions such as hard drives, flash

memory, firmware or other data storage devices. Such data stores 50 in example

embodiments are operative to store computer executable program instructions, values

and other information used i the operation of the machine

[0031] With reference to Figures 1 and 2 the example embodiment may further

include image capture devices such as cameras 52 which provide camera signals

representative of what is observed within the field of view of the respective camera. The

image capture devices such as cameras 52 may be arranged so as to capture images

of portions of the machine, portions of users of the machine, portions of servicers of the

machine, or portions of the environment a the machine. For example, an image

capturing device 52 may be mounted n supporting connection with the housing of the

machine with a field of view encompassing a machine user's face. Another image

captu ng device may be mounted relative the machine with a field of view of the

environment immediately behind a machine user. The field of view of other image

capturing devices may encompass areas of the machine accessed by service personnel

within the respective fields of view of the devices. It should be understood that the

camera configuration shown is example. It should further be understood that

embodiments may include analog cameras, digital cameras, iris scanners, fingerprint

scanners or other types of devices from which data corresponding to images may be

acquired and/or reproduced. So e embodiments may operate in a manner that

employs the principles described in U.S. Patent No. 7,147,147 or U.S. Patent

pp ca i n Serial No. 13/088,582, the disclosures of which are Incorporated herein

by reference n their entirety.



[0032] The images captured by came a(s 52 may be used, for example, to verify

Identity and/or provide security for the machine or users thereof. an example

embodiment, the data store 5 may include data corresponding t o images of

unauthorized users of the machine. In an example embodiment, the controller 48 is able

to compare data corresponding to the images captured by camera(s) 52 with data in the

data store corresponding to unauthorized users. If the data generated by came a s) 52

corresponds to unauthorized user data in the data store, the controller is operative to

carry out instructions, such as to activate an indicator which indicates the presence of

the unauthorized user. The indicator may be an audible alarm, a message to a remote

entity, a machine shut-down operation, or any other action able to indicate attempted

use of or access to the machine by n unauthorized user. Alternatively, in some

example embodiments the data store may be located at the machine or accessed

through communications to one or more computers at remote locat ions In other

embodiments the stored data may correspond to authorized users. Determining through

operation of o e or more controllers tha image data corresponds to an authorized user

may permit such authorized users to carry out certain operations. Of course these

approaches are example.

[0 3] in the example embodiment, machine 1 also includes a movable image

capture device 58 such as a camera, in operative connection with interface bus 42.

When the machine is in an operational mode, movable device 58 may be housed within

the upper housing area. Alternately, a movable device may be housed within the lower

housing area. Alternatively in some embodiments, the image capture device may be

brought to the machine by a servicer and operatsvefy connected to at least one

controller, such as by plugging in cable connected to a camera to a USB port. After a

servicer attains access to the interior of the machine housing, the movable device 58

may be utilized to aid servicing of machine components as described in greater detail

below.

[0034] As schematically illustrated in Figure 3 , n some example embodiments

signals from the camera 52 may be sent to an image recorder device 54 which is



connected to the interface bus 42, Image recorder device 54 includes a computer which

includes at least one server operating therein, and further includes at least one data

store 58 It should be understood that some embodiments may include devices which in

addition to image data, acquire sound data, infrared signal data, nd other types of data

which ca be sensed by sensing devices, stored, recovered, and analyzed by the

system. This may include for example, sensing images which indicate the relative

temperatures of various portions of parts, which temperatures may correspond to

abnormal conditions. mage recorder device 54 may also receive inputs from devices

such as sensors which can generally sense actions or conditions directly. Image

recorder 54 ay also receive signals representative of conditions or instructions sent as

signals to other devices such as signals on the interface bus 42, timing signals, or

others signals usable to operate the image recorder responsive to programmed

instructions, time parameters, user inputs, or other conditions or signals. At least one

server software function associated with the image recorder device 54 may be in

communication with at least one electronic communications network schematically

indicated 0 The server may operate to provide at least one uniform resource locator

(URL) or other system communication address Thus, the server may be accessed by

other terminals connected to the network The server may also selectively deliver

messages to other network connected computers. The camera signals may alternately,

or additionally, be se t to controller 48.

| 03S] In an example embodiment, terminal controller 48 is in communication with at

least one network 0 and is able to be accessed by other terminals connected to the

network, as well as able to deliver messages including data corresponding to visual

images generated by camera 52 and movable image capture device 58 to connected

terminals.

[0036] Network 80 may include a local area network such as an intranet or may be a

wide area network such as the Internet. Network 80 may include a network that

communicates messages in protocols such as TCP/IP. The network may be used to

further communicate HTTP messages including records such as HTML, XML, and other



markup language documents. Example principles that may be used are described in

U S . Patent N s 7,159,144; 7,162,449; 7,093,749; and 7,039,600 which a e

incorporated herein by reference n their entirety. Of course, in other embodiments other

communications methods may be used.

[0037] in the example embodiment shown, a plurality of terminals 82 are shown

connected to the at least one network 80. Terminals 2 may include user terminals

which may be used to analyze, store, and recover data sent f om the machine.

Alternative terminals 82 may include document verification terminals for verifying the

authenticity of documents, identifying user data or for carrying out other functions.

Typically terminals 82 include computers including a browser software component 84

such as Mozilla Fi ef x™, Mozilla Thunderbird™. Microsoft Internet Explorer™, Google

Chrome™ or other types of browsers. Terminals 82 also include other software and

hardware components schematically indicated 86 suitable for processing image data,

transaction data, and other data that may be obtained by accessing the machine.

[ 38] Example terminal 68 may be a user terminal, document verification terminal,

data storage terminal, data analysis terminal or other type of terminal for inputting

instructions or analyzing data available in the system. Example terminal 68 includes a

computer schematically indicated 70 which includes at least one processor and an

associated data store schematically indicated 72. The computer 70 may be located

within the machine. Alternatively, the computer may be located n a server or other

device remote from the machine. For example, the computer may be located in a server

that is operatsvely connected to the machine and also to other machines. For example in

some embodiments the server may operate a virtual machine that communicates with

devices in the machine to control operation of such devices in the manner of the

incorporated disclosure.

[0039] Example terminal 3 may be n operative connection with the computer 70

and input devices 74 and 76 which include a keyboard and mouse respectively in the

embodiment shown. Of course in other embodiments other types of input devices may



be used. Example terminal 68 further includes output devices. The output devices in the

example embodiment shown include a monitor w th a display 78 a d a printer device

80. Of course in other embodiments of terminals other types of output devices may be

used. The examp terminal 8 includes a computer with a browser component as

previously described. The browser i the terminal communicates with the machine

through the network 80 Terminal 88 may also have server software operating therein

as well as other software components.

[0040] It should be understood that n some embodiments the machine may

communicate with other computers and entities and through various networks. For

example, the machine may communicate with computers operated by service providers

through network 60 Such service providers may be entities to be notified of status

conditions or malfunctions of the machine as well as entities who are to be notified of

corrective actions. This may be done, for example in the manner similar to that

described in U.S. Patent os. 7,036 049 and 7,003,492 the disclosures of which are

incorporated herein by reference in their entirety. Other third parties who may receive

notifications from example machines include entities responsible for delivering currency

to the machine to assure that the currency supplies are not depleted. Other entities may

be responsible for removing deposit items fro the machine. Alternative entities that

may be notified of actions at the machine may include entities which hold marketing

data concerning consumers and who provide messages which correspond to marketing

messages to be presented to consumers. Various types of messages may be provided

to remote systems and entities by the machine depending on the capabilities of the

machines in various embodiments and the types of transactions being conducted

[0 41 Figure 4 shows schematically an example software architecture which ma

be operative in the controller 48 of the machine. The example software architecture

includes a operating system 80 such as for example Microsoft® Windows. IBM OS/2®

or Linux. The example software architecture also includes a banking machine

application 82. The exa pl application 82 includes the instruction for the operation of

the automated banking machine and may include, for example, an Agi is 9 1 x



application that is commercially available f om Diebold, Incorporated. The example

software application operates machines, and may in some embodiments include a cross

vendor application that is suitable for use in brands of automated banking

machines.

42J i an example embodiment, a middleware software layer schematically

indicated 84 is operative in the controller 48 in the example embodiment, the

middleware software layer 84 operates to compensate for differences between various

types of automated banking machines and transaction function devices used therein.

The use of a middleware software layer 84 enables the more ready use of an identical

software application on various types of banking machine hardware in the example

embodiment the middleware software layer 4 ay be Involve software produced by

Nexus Software or a 'sgnite which is a product of Kerala Associates Ltd. of Scotland.

[0 43] The example software architecture further includes a diagnostics layer 88

The diagnostics layer 86 is operative to enable accessing and performing various

diagnostic functions of the devices within the banking machine n the example

embodiment, the diagnostics layer 88 operates in conjunction with a browser 88. The

diagnostics layer may be in operative connection with varrous components which enable

diagnostic functioning of the various transaction n devices. Other example

embodiments may include diagnostic applications as described in more detail in U.S.

Patent os 7 ,104,441 ; 7,163 ,144; 7,093,749; and 6,953 ,150 the disclosures of which

are incorporated herein by reference in their entirety. For illustrative purposes, the

example embodiment is described in terms of a software diagnostic layer 88 as

schematically represented in Figure 4 . In the example embodiment, at least one data

store 50 is in operative connection with the controller 48 such that one or more data

stores include status data which is associated with the status or conditions of

serviceable components and/or diagnostic data associated with conditions or properties

of at least one serviceable component, i an example embodiment, the diagnostic data

may be accessed when a diagnostic article 98 is placed in operative connection with the

banking machine as explained in further detail below.



[0044] As schematically represented in Figure 4 controller is in operative

connection with at least one interface bus 42 which may be a universal serial bus (USB)

or other standard or nonstandard type of bus architecture The interface bus 42 is

schematically shown i operative connection with one or more transaction function

devices. The transaction function devices may include, for exa le, the currency

dispenser 30, depository 32, card reader 24 receipt printer 34, keypad 2 , as well as

numerous other devices, generally designated 38, which are operative in the machine

and controlled by the controller 48 to carry out transactions. In the example

embodiment, an image capture device 2 such as a charge-coupled device (CCD)

camera is operative!y connected to interface bus 42. n the example embodiment one of

the transaction function devices n operative connection with the controller is a

diagnostic article reading device 96 which is operative to read a diagnostic article 98

used in servicing the machine. In an example embodiment, the diagnostic article 98

comprises a CD which can be read by reader 96, and can also be read by a computer

device 0 which is not generally associated with the operation of the banking machine.

Of course in other embodiments the diagnostic article may include local o remote items

that can provide computer readable instructions, such as, for example, flash memory

cards, smart cards, RF D cards, tokens or other articles.

[ 45] In the example embodiment, the diagnostics layer 88 is operative to perform

various diagnostic functions with the transaction function devices, i.e., 24, 26, 30, 32,

34, 38, 98 which are operative in the banking machine. n the example embodiment, the

diagnostic layer 8 is enabled to perform manipulations and diagnostic testing of the

transaction function devices. In an example embodiment, the diagnostic layer works in

conjunction with the diagnostic article 98 . The manipulations and/or diagnostic tests

may include for example outpuiting an audible tone, turning on a motor, simulating

inputs through a keypad, printing a test receipt, operating the cash dispenser and the

like.

[0 4 The schematic representation of components included in an example

automated banking machine 340 are represented in Figure 5 . The components of the



automated banking machine 340 represented in Figure 5 specifically correspond to

components used for providing and shutting off electrical power t o devices within the

machine. The components of the example embodiment are also used connection with

coordinating electrical power supply functions within the machine as well as providing

remote status notification and remote control of power functions. Of course it should be

understood that this embodiment is example.

[0047] Automated banking machine 340 includes a controller or terminal processor

342. The terminal processor is in operative connection with one o r more data stores

schematically represented 344. Although the example embodiment is described as used

n connection w th a single terminal processor, it should be understood that the

principles described may be used with automated banking ac nes having multiple

terminal processors or other processors. The automated banking machine also includes

a plurality of transaction function devices schematically represented 346 Example

transaction function devices include a card reader 348, a printer 350 and a cash

dispenser 352. Other example transaction function devices shown include a passbook

printer 354 and a cash recycler 358. Other example transaction function devices include

a note acceptor which may be of the type described in the incorporated disclosures. It

should be understood that these transaction function devices are example, and n other

embodiments other or different types of transaction function devices may be included in

the banking machine.

[00481 As can be appreciated, in the example embodiment the terminal processor

342 executes software instructions included in the at least one data store 344 related to

the conduct of financial transactions. The terminal processor 342 is operative to cause

operation of the transaction function devices 348 to carry out such transactions. The

terminal processor 342 communicates through a suitable control bus or other

communications methodology with devices within the machine in the manner described.

4 The example automated banking machine further includes an uninterruptible

power supply (UPS) 358, which in particular embodiments can be a battery. n the



illustrated example embodiment the UPS 358 includes a processor 380 which is in

operative connection with a data store 362 The UPS 358 operates to supply power

when power from a external source is otherwise ot available The example automated

banking machine further includes other devices which utilize electrical power. n this

example embodiment devices such as cooling fans 364, ai pressure control devices

38 and cameras 368 are shown. It should be understood that these devices are merely

example of numerous devices that consume electrical power that may be included in

the example banking machines. The example embodiment further includes a power

controlfer schematically represented 37 Power controller 370 includes control circuitry

372. The control circuitry includes at least one processor 374. Processor 374 is in

operative connection with at least one data store 376, The automated banking machine

further includes a power interface module 378. Power interface module 378 includes

one or more input devices schematically represented 380. In the example embodiment

the at least one input device 380 includes a rotatable switch The switch enables a user

to provide inputs which correspond to selectable conditions. Of course it should be

understood that in other embodiments other approaches may be used. The power

interface module further includes output devices 382. In the example embodiment the

output devices are operative to indicate status information related to the power control

system,

[ ] As can be appreciated, in the example embodiment the terminal processor

342, power interface module 378, power controller 3 0, UPS 358 and transaction

function devices 348 are all within the housing of the automated banking machine.

Further the power controller interface module378. terminal processor 342 and UPS 358

are operative to communicate within the housing through communication lines

schematically indicated 384, n the example embodiment, Universal Serial Bus (USB)

communications are used. Of course this approach is example. n the example

embodiment the power controller is in operative electrical connection with an electrical

connector or other device for receiving electrical power which extends outside the

housing of the automated banking machine. This electrical connection is schematically



represented by a plug or a connector 386. In the example embodiment the connector

388 is refcasabie onnecta le with a source of AC power schematically indicated 388.

n the example embodiment the source of AC power comprises a electrical outlet

which provides 0 volts of alternating current However, it should be understood thai

this approach is example and in other embodiments other approaches may be used

51J In the example embodiment the power controller 370 is a so in operative

communication with a network interface schematically indicated 390. the example

embodiment the network interface is a suitable communications card, modem or other

device within the machine that is operative to enable the communication of messages

between the automated banking machine and remote devices it should be understood

that although the network interface is only shown in operative connection with the power

controller, in example embodiments the network interface is operative to provide

communications with other components of the machine. This may Include for example

the communications that relate to the conduct of transactions using the machine as

previously discussed. Of course this configuration is example and in other embodiments

other approaches may be used.

[ S2] In the example embodiment the network interface of the machine s n

operative connection with at least one external network schematically indicated 392

Network 392 may be one or more suitable public or private networks which enable

communications between the automated banking machine and one or more remote

servers 394, Further it should be understood that in some embodiments the network

may include the internet or other data or telecommunications network.

0053] in the example embodiment power from the AC power source 388 is

controlled and distributed in the example machine through operation of the power

controller 370. As can be seen in Figure the power controller Is operative to provide

AC power to the PS 358. The PS is operative to provide AC power that is input to the

terminal processor 342. The power controller 370 is also operative to supply power to

the transaction function devices 34 As indicated schematically, power to the



transaction function devices 346 may include providing power to a power supply

suitable for the particular device. This may include for example supplying power to a DC

power source 396. The PC power source ay then be operative to provide suitable DC

power to transaction function devices that utilize DC power i their operation. Further t

should be understood that although certain devices in the machine are not shown

schematically connected to the power controller, in example embodiments such devices

are appropriately connected to receive power therefrom. Further it should be

understood that although only a single DC power supply is shown, embodiments ay

include multiple DC power supplies or other types of power supplies suitable for the

particular types of devices used n the machine.

[0054] In an example embodiment inputs provided through the input device of the

interface module are operative to cause the power controller 370 to carry out a series of

steps in accordance with programmed sequences. These programmed sequences

generally include supplying and shutting off power to the devices within the automated

banking machine 340. For example if the automated banking machine 340 is in an

unpowered state, a user such as a service technician may provide one or more inputs to

the interface module indicating that the automated banking machine is to be started. In

response to such an input to the interface module, the power controller 370 is operative

responsive to communication with the interface module to execute a sequence which

places the banking machine in operational mode. This may include for example

operating to cause AC power to be supplied to the UPS 358 which delivers AC power to

the terminal processor 342. The sequence may also Include causing power to be

delivered to t e transaction function devices 348 in the machine. In example

embodiments power may be supplied to the transaction function devices 348 so that

such devices may operate to carry out their initialization routines in accordance with

their imbedded software instructions. This may be done so that the devices are in a

ready condition so that they can be recognized as present in the machine by the

terminal processor as the terminal processor operates to start and place the automated

banking machine in a normal operational mode.



[ ©SS accordance with the programmed instructions which cause the power

controyer 370 to carry out the sequence, the power controller 3 may thereafter cause

one or more messages to be sent to the terminal processor 342 which causes the

terminal processor 342 to start. response thereto the terminal processor 342 begins

executing its programmed Instructions, communicates to recog ze the devices that are

connected thereto, and verifies that the processor can carry out a n appropnate terminal

startup sequence. As a result in the example embodiment f there are no malfunctions,

the terminal processor 342 will operate in accordance w th its instructions to bring the

automated banking machine 340 into an operative condition to carry out financial

transactions.

[ 0 6] Further in the example embodiment the power controller 370 may operate n

response to at least one input to the interface module 378 to take the terminal to a

shutoff condition. This may include for example, responsive to receiving at least one

input through the interface module, causing the power controller 370 to send at least

one message to the terminal processor 342, instructing the terminal processor 342 to

shut down. In response to such message the terminal processor 342 will then go

through a shutdown sequence. In the example embodiment during this time period the

power controller maintains power supply to the transaction function devices This may

be done in some example embodiments so that an indication is maintained of the

presence and operational status of such devices as the terminal processor is shutting

down. As can be appreciated removal of power from the devices may result in

indications being provided of a malfunction of the devices which the terminal processor

342 may react to in accordance with its programming before it is fully shut down

[0057] In the example embodiment after the terminal processor 342 is shut down

the power controller 370 operates in accordance with the program sequence to cause

power to be shut off to the transaction function devices 348 As can be appreciated, in

some embodiments this may be done simultaneously or sequentially as would be

appropnate for the most reliable shutdown. Further in some example embodiments the

power controller ay operate to control the UPS 358 to shut off the suo v of AC cower



to the terminal processor 342. Of course it should be understood that these approaches

are example and in other embodiments other approaches may be used.

[0058] Further n the example embodiment the power controller 370 is operative to

determine through its associated programming when the terminal processor 342 is

instructed to shut down but does not do so This ay happen i some situations where

processes are executing in ways that cannot be terminated through the shutdown

com and in the example embodiment when the terminal processor 342 fails to

respond to such a shutdown command the power controller 370 is operative to control

of the UPS 358 to shut off AC power to the terminal processor 342. While this condition

is generally not desirable, it is sometimes necessary order to bring the automated

banking machine back into operation. Of course these approaches are example and in

other embodiments other approaches may be used.

[0058] In still other example embodiments the power controller 370 s operative to

cause messages to be sent though the communication device 390 to the remote server

394. The messages are indicative of the power status of the various devices. Thus for

example for purposes of remote monitoring and control of the automated banking

machine the remote server may be operative to monitor the status of the terminal

processor 342, UPS 358 and each of the transaction function devices 34 and other

devices in the machine in the event of a malfunction the device may cease to draw

electrical power or may experience an electrical short or other condition which is

detected through operation of the power controller 370. Appropriate messages can then

be sent to give notification of this condition to a servicer or other entity associated with

the remote server. In addition the power controller may operate in accordance with its

programming to attempt to recover from such malfunctions. Of course this approach is

example and in other embodiments other approaches may be used.

[ δ ] in an example embodiment, automated banking machine 340 may further

include the use of a stepper motor 35 , such as a voltage boosted stepper motor 351.

The automated banking machine 340 may have similar features to machine



previously described herein except as discussed below. n the example embodiment,

the voltage boosted stepper motor 351 may provide a more efficient motor that may aid

in the overall conservation of power of the automated banking machine 340.

1J in general, a stepper motor is an electromagnetic device that converts digital

pulses into mechanical shaft rotation, whereby a full rotation may foe divided nto a

umber of equal steps. Figures 6 and 7 illustrate a stepper motor d ve circuit. The

stepper motor may be operated in any appropriate manner, such as by a controller or

processor 342, as shown in Figure 5. The controller 342 ay be a microprocessor

capable of generating step pulses and direction signals for the driver. The driver may

convert the controller 342 command signals into the power necessary to energize the

motor windings.

The automated banking machine 340 of the example embodiment may

include transaction function devices 348, as illustrated in Figure 5. The transaction

function devices 348 may include any appropriate devices, such as a card reader 348, a

printer 350, a cash dispenser 352, etc. n the example embodiment, the voltage boosted

stepper motor 351 may operate a document dispensing mechanism, such as the

dispenser 30 previously discussed, as shown in Figures 2 and 3 , and the cash

dispenser 352, as shown in Figure 5. It should be understood that these transaction

function devices 348 are example, and in other embodiments other or different types of

transaction function devices may be included in the automated banking machine.

[0083] Designing an efficient stepper motor drive may present various challenges,

such as trying to minimize torque loss at high stepping rate. One obstacle may be that

the relatively large stator inductance may take too much time to charge and discharge,

especially with limited power supply voltage, which may cause loss of torque and

eventually motor stall n addition, burning out the stored energy In the stator inductor on

higher voltages may only provide for a faster discharging rate, at the cost of loss of

efficiency. One way to solve this problem may be to increase the power supply voltage



for the motor drive; however, this solution may result in power supply system complexity

a d a considerable cost increase.

4J Some stepper motor drive designs (e.g. Dieb d M D and AFD unipolar

stepper drive) ay introduce a high voltage discharge circuit to burn the stored energy

in the stator inductor quickly. This "burner" may be essentially made of a high voltage

Zener diode with enough power dissipation. The higher the Zener voltage, the faster the

s a or inductor discharges. This method, however, may only address torque loss due to

slow discharge, whereby the charging loss may be left as is This method may also

come with significant efficiency penalty, especially at a higher stepping rate.

[ 6S] Generally, as motor speed increases, torque decreases. The torque curve

may be extended by using current limiting drivers and increasing the driving voltage

(sometimes referred to as a "chopper" circuit). In addition, stepper motors with higher

Inductance coils ay provide greater torque at low speeds and lower torque at high

speeds as compared to stepper motors with tower inductance coils

0S J Another factor to consider when designing a stepper motor Is that the motor

performance may be strongly dependent on the d ve circuit. Torque curves may be

extended to greater speeds if the stator poles can be reversed more quickly, the limiting

factor being the winding inductance. To overcome the inductance and switch the

windings quickly, the drive voltage ust be increased. This may require limiting the

current that these high voltages induce.

[006?] Stepper motors may be rated with varying degrees of inductance. As

discussed above, a high inductance motor may provide a greater amount of torque at

low speeds and tower torque at higher speeds. Speed and torque performance of the

step motor ay be based on the flow of current from the driver to the motor winding.

The factor that inhibits the flow, or limits the time it tak.es for the current to energize the

winding, known as inductance. The lower the inductance, the faster the current gets

to the winding and the better the performance of the motor To reduce the effects of



inductance, most types of driver circuits may be designed to suppiy a voltage greater

than the motor's rated voltage.

[0068] The higher the output voltage from the driver, the higher the level of torque

versus speed. The voltage may be the driver of the current. The higher the voltage, the

faster will the current in the windings may reach its new target v ue from o e step to

the next. Therefore, a higher voltage motor may result in better speed performance

Torque versus speed behavior may vary across stepping motors. For example, the

higher the inductance, the worse the performance may be at higher speeds. The higher

the voltage, the better the performance may be.

[ 68 Motor windings may have some internal resistance. This resistance may be a

function of wire diameter, the number of turns and the resistivity of the winding material

This resistance may be what determines the maximum current that a winding should be

subjected to. Stepping motor performance may be improved by driving these motors at

a voltage greater than what they are rated for. If higher voltage is used to boost

performance, then current limiting considerations should be taken into account.

[00 ø] Stepping motors may often be run at voltages higher than their rated voltage,

as mentioned above. W hi e this may not be the case for small stepper motors, high

torque stepper motors may need to be run at higher voltages in order fo the motor to

reach its full potential increasing the voltage supplied to a motor ay increase the rate

at which current rises in the windings of the motor. The more responsive the current is

in the windings, the greater the torque and speed characteristics of the motor.

[0071] In the example embodiment, the boosted stepper motor 351 may provide a

gain on the stepping rate for a given power supply by utilizing a blocking diode D 1 and a

boost capacitor C , as shown in Figures 9-13. The boosted stepper motor 351 may

make full use of the energy stored in the stator inductor L 1 and convert it into a virtual

high voltage source to help accelerate both discharging and charging process, as

illustrated n Figures 18.



[ 72J n the example embodiment, the boost capacitor C 1 may be added to hold

the energy converted from that stored in the stator inductor. The blocking diode D 1 may

be added to block the stator inductor L from discharging into t e power supply,

V T t r, so that it may only be directed into the added capacitor C For illustrative

purposes o ly, an B size 23 stepper running at 24V with the boosted drive may

outperform the same motor running at 48V without the boosted ive.

[0073] one example embodiment, the motor 351 ay utilize a bipolar stepper

boosted drive circuit, as shown in Figures 9-13 Generally, bipolar stepper motors may

be composed of two windings and have four wires. Current flow in the winding of a

bipoiar motor ay be bidirectional, as shown in Figures 18 and . This ay require

changing the polarity of each end of the windings.

| ?4] Bipolar motors may have more torque than an equivalent unipolar motor of

the same volume. This is because only one half of a winding is energized at any given

ti e in a unipolar motor. A bipolar motor utilizes the whole of a winding when energized.

7S The basic control circuit for driving the windings of a bipolar motor is an H-

bridge, as shown in Figures 9- . The H -bridge may be used to change the polarity o

the ends of one winding. As discussed above, bipolar motors generally have two

windings, therefore, two H bridge control circuits may be used for the motor. The H -

bridge is an electronic circuit that may enable a voltage to be applied across a oad in

either direction. The H-bridge arrangement may generally be used to reverse the

polarity of the motor.

[ 078] The H b idge ay be configured to allow current to flow in either direction

across a winding. Current may flow from left to right in a winding when the ta x d -

SemiconduGtor Field-Effect Transistors (IV!OSFETs) Q and Q4 are turned on and Q2

and Q3 are turned off. Current may flow from right to left when 2 and Q3 are on and

Ql and Q4 are off. Transistors Q2 and Q4 may be channe lGSFET a d therefore

require a positive bias on turn-on. Q 1 and 3 may be P- a MOSFETs, requiring a

negative bias to turn-on.



[0077] When the switches Q 1 and Q4 are closed (and 2 and 0 3 are open) a

positive vo tage may be applied across the motor. By opening Q 1 and Q4 switches and

closing Q2 and Q3 switches, this voltage may reversed, allowing reverse operation

of the motor. The switches Q 1 and Q2 should never be closed a the same time, as this

would cause a short circuit on the input voitage source. The same applies to the

switches Q3 and 4 .

[0078] To achieve full rated torque, the coils in a stepper motor must reach their full

rated current during each step. Winding inductance and reverse EIV1F generated by a

moving rotor tend to resist changes in drive current, so that as the motor speeds up,

less and less t i e is spent at full current, thus reducing motor torque. As speeds further

increase, the current may ot reach the rated value, a d eventually the motor may

cease to produce torque

007SJ In the example bipolar stepper boosted drive circuit embodiment, and as

shown in Figures §--13, L 1 is the stator inductor, 1 is the current sensing resistor, and

motor is the otor power supply. Q2 and Q4 are N-channel while Q 1 and Q3 being

P-channei, with their body diodes explicitly shown.

[00801 If C 1 is removed and D 1 s shorted, this would become the typical H~bridge

for driving a bipolar stepper (two H-bridges needed, only one shown, as shown in

Figures 8 and 7 . Charging and discharging the stator would follow the typical first order

R-L circuit equations (1) and 2) as discussed below.

Q A benefit of the boosted stepper motor drive 3 may be accomplished by

introducing the blocking diode D and boost capacitor C . As shown in Figures and

, when switching phase from Q & Q4 on (0.2 & Q3 off) to Q2 & Q3 on (Q1 4 off),

the energy stored in L 1 in the form of E cannot be charged back to V n tor

(as the case in a traditional bipolar stepper motor drive, as shown in Figures 8 and 7)

due to the blocking diode D L



00821 This energy in L 1 has nowhere to go but being all "sucked" (charged) into

C as shown in Figure 1, in the form E C AV 2. As the current in 1 reaches

zero, the voltage in C 1 also arrives to its peak value of - V m oto - &V. t should be

noted that Vp can be much greater than j otor. Because of the same btocksng diode

D the energy E stored in also has nowhere to go but being charged back into the

stator inductor, as shown in Figure 12.

[00 3] The stator current discharge process (energy as current in L 1 converted to

delta voltage In C1) and its recharge process (energy as delta voltage in C 1 converted

back to current n L 1 with opposite direction) can be much faster with boost than it can

be without boost, as shown in Figures 1 and 1

[ 4] Qualitatively speaking, th s is because the average voltage on C 1 during

boosted discharge and recharge processes can be significantly greater than V motor,

with proper choice of capacitor C I , as discussed below,

f 08 ] Due to the resistance induced energy loss n the discharge and recharge

process, at the end of the boosted recharge process, the current level in L 1 will be less

than what it is when the discharge process starts. Therefore, the blocking diode 0 1 will

be on for a (short) period of time to make up the loss until the stator current s charged

up to the original level This process is therefore referred to as "make up" charge

process

[0088] in another example embodiment, the motor may utilize a unipolar stepper

boosted drive circuit, as shown in Figure 8. Generally, a unipolar stepper motor may

have one winding with a center tap per phase, whereby there may be two windings,

each with a center tap. The name unipolar is derived from the fact that current flow is

limited to one direction. Each section of windings is switched on for each direction of

magnetic field

|0987] The center tap wire(s) may be tied to a power supply and the ends of the

coils may be alternately grounded. Unipolar stepper motors may operate by attracting



the north or south poles of the permanently magnetized rotor to the stator poles Thus,

in these motors, the direction of the current through the stator ndings may determine

which rotor poles may be attracted to which stator poles. Current direction i unipolar

motors may be dependent on which half of a winding is energized. One winding may act

as either a north or a south pole depending on which half is powered.

[0088] An example of a unipolar stepper boosted drive circuit embodiment, is

illustrated in Figure 8. 1 is the current sensing resistor, Q1-Q3 are N-channel

SFET L 1 is the unipolar stator inductor with center tap), V _motor is the power

supply, the body diode Q 1 will be the blocking diode and C 1 is the boost capacitor.

[00S9] if CI were removed and Q 1 shorted, the circuit above would become one of

the standard circuits for driving a unipolar stepper (two sets needed, oniy one shown).

Charging and discharging the stator would follow the typical first order R-L circuit

equation 1) and {2} as shown later.

P S ] Similar to the bipolar case discussed above, a benefit of the boosted stepper

motor drive 351 is accomplished by introducing the blocking diode ( .e the body diode

Q1) and boost capacitor C , as shown in Figure 8 When switching phase from Q2 on

Q3 off to Q3 on Q2 off, the energy stored In L 1 in the form E ~ L I 2 of cannot be

charged back to V motor (as the case in a normal unipolar stepper drive) due to the

body diode Q

09 1] This energy E in L 1 has nowhere to go but being all "sucked" (charged) into

in the form of E C A¥)2. As the current in 1 reaches zero, the voltage n C

also arrives to its peak value of VP - Vjnotor - ∆Υ . it should be noticed that ¥ can be

much greater than Vjnotor. Because of the same blocking (body) diode in Q1, the

energy E stored in C 1 also has nowhere to go but being charged back into the stator

inductor L 1.

[0092] As discussed above, in the example embodiment, the stator current

discharge process (energy as current in L 1 converted to delta voltage in C ) and its



recharge process (energy as delta voltage in G 1 converted back to current in with

opposite direction) ca be much faster w th boost than it can be without boost

[ 3] Qualitatively speaking, this because the average voltage on C 1 during the

boosted discharge and recharge processes may be significantly greater than V Yot r,

with proper choice of capacitor C , as discussed below The similar "make up" charge s

also needed for the same reason as described in the bipolar case.

[©094] O e difference i the unipolar drive circuit s that the blocking diode does

need to be shorted when the stator current has reached the original (specified) level and

current chopping may also be employed to keep th stator current at the specified level.

In this case, the stator current must find its way back to power supply to keep the

current from dropping too fast. This is when Q 1 needs to be turned , for proving such

a path for stator current to go through. The control signal of Q 1 (TOPA in Figure 8} will

turn it on during chopping and keep it off otherwise. Since Q 1 is a n N-c a n i

v GSFET , it may be necessary that either a higher auxiliary supply voltage or a

bootstrap circuit be provided for its gate drive.

[DOSS] Chopper drive circuits ay be referred to as constant current drives as they

generate a somewhat constant current in each winding rather than applying a constant

voltage. On each new step, a very high voltage ma be applied to the winding initially.

This causes the current in the winding to rise quickly The current in each winding may

be monitored by the controller, usually by measuring the voltage across a small sense

resistor with each winding. When the current exceeds a specified current limit, the

voltage may be turned off or "chopped," typically using power transistors, such as the N-

channel MOSFET discussed above, When the winding current drops below the

specified limit, the voltage may be turned on again. In this way, the current is held

relatively constant for a particular step position. This may allow the stepper motor to be

driven with higher torque at higher speeds

S6] Next, the stator current charge and discharge process is discussed The

motor (stator) charging current l(t) may follow the RL charging equation;



(1)

0 7J Where - E/R s the destination current, τ = / is the time constant, E is

the power supply voltage, L is the stator inductance and R is the total resistance of the

system, including stator resistance, on~resistance of the switches, current sampling

resistance, trace resistance, and etc. As for the stator current discharge curve with initial

stator current I , we have:

(
Discharge^- ¾

[0098] Figure 14 shows the charge current (black curve) a d discharge current

(grey curve) respectively, with the time constant τ 0 2 s a d target current level ~

(for reference only).

09 With reference to Figure , the torque preservation and loss percentage is

discussed. Suppose the current limit has been set to s , then the time ts needed to

charge the inductor current to this level can be expressed as (r, E and R as defined

before):

] If the stepping pulse phasing interval (twice of the stepping pu se width TP

T Is greater than ts then the stator current can be charged up to the current limit ls in

time (this will be case 1 in the area under curve discussion below), otherwise it will not

be able to reach the current limit (case 2).

[0 1] Nevertheless, as shown in Figure , the torque loss of the stepper motor is

proportional to the ratio between the "ideal area" under the curve A x and the ost

area" under the curve A S when the stator current is going from ~l up to !s and vice

versa.



[ 2J Without losing generality, we ca assume the stator current is charging from

0 up to 21 and then discharging from 1 down to 0 Before (or up to) the point

when stator current reaches the preset limit (i.e. lm , the a ea A(x) under the charging

current curve fro t~G to t x ) can he calculated as:

A X = Q ( ~ dt = - ( - e )] (4

[01 3 It is seen that A(O) = 0 a d ~ -τ -e~ Suhstitute Is with iM in formula

(3 above we ca obtain:

B
tM In ( (5)

Where tM is defined as the time needed for the stator inductor to charge from 0 to 1

{equivalent to its going from- to ! } It is easily seen that the "Ideal a ea" under the

curve A X may be the product of l and ¾ , that Is, A A / -¾ Here Ideal"

means that the stator current may take no time to change from 0 to s physically

impossible but may be approximated when is much smaller than TP

[0 4] The torque loss a come in two areas, as seen in Figure 15 . The first area

A may be due to (the slower than ideal) leading edge of the stator current. The second

area A o the other hand, may be due to (less tha ideal) trailing edge of th stator

current, it may be shown that A D = A t ) for t < TP , otherwise A A(T .

[01 OS] Depending on t the time needed for the stator inductor to charge from 0 to

I and the stepping pulse phasing interval TP , there will be two cases:

[0 8] Case 1 ·· this case, the charging current is NOT able to reach the preset

limit l before the end of the phasing pulse i.e. tM ≥ T It may be proved that in this

case, we have:



[0107] It may be proved that this case the stepper motor may lose 100% of its

torque. This may be because the exact amount of torque seemingly gained during stator

charging may ail be lost during discharging.

[ 8] Case 2 ·· In this case, the charging current may reach the limit before the end

of the phasing pulse, or t < ¾ , therefore we have:

(7 ) ~ ( - (7)

[01 9 ¾ this case, the torque loss due to the leading edge charge current is

= I * A tM) It ay be seen that the torque toss due to discharging current s

A = A( Therefore the total torque loss ALT is:

ir = ALC + A D = l - {8}

[0 0 The torque preservation percentage s therefore defined as the ratio of

AL over , or

A f 0 for t M ≥ ¾

[ 1 Accordingly, ζ ~ 1 - η will be denoted as the torque ioss percentage.

[0 2 From the discussion above, the stator charging current l(t) may follow the

equation

}(t) - ~(l - ~ ) »where L/R is the time constant. When / relatively very ,

the first order approximation of e 1 X ay be used, and therefore;

1 )

[0 3 This may also be viewed as the case of inductance dominating during the

charging process so that the effect of resistance may be ignored.



[0 14] As fo the stator inductor discharge current, (t) = I / , where τ - as

before a d is the initial inductor current. Whe tlx is relatively very small, the first

order approximation of e x 1 · ·· x may also be used, to obtain the following:

/(t) / ( l - t / ) ( 1 1)

[0 5] In terms of the circuit analysis, whether It is unipolar or bipolar, the boosted

stepper motor drive 351 may be modeled by a typical RLG circuit during the energy

transition period when the energy stored in the stator inductor E ~1 2 s first

converted to the energy stored in the boost capacitor E - and then

converted back to the energy in stator inductor (of a lower level due to energy loss on

the resistance n the RLG circuit).

0 6] The current i(t in a series RL circuit ay follow the following differential

equation:

[OUT] As defined 2a = ~, ( ) 2 = (LC) ~ , we can obtain:

! + 2 + ω ι 0 13

[ ] The corresponding characteristic equation is:

X2 + 2 X - 0 (14)

[0 9] In most stepper applications, there may normally be under-damped solutions,

or

[0120] The circuit may have a Q factor defined as:

(1
i C



[0121] Generally, with an under-damped situation, the solution of (14) may be

written as;

λ = - a ± = ~ ± ω (17)

[0 2 Therefore, the genera! solution for 3) may be written as:

i(t) e~ [A 5in( ) c s( t)] · e~ - c s( 4- Φ) (18)

[ 3 Coefficients A and B or and Φ may be determined by initial conditions. K

and Φ may be derived from A and B, o vice versa.

[ 124 n an illustrative embodiment, utilizing the size 23 B stepper motor

discussed above, r 2Ω, - 4,4 m and C 0.22µ , switch and sensing resistance

ay be 0.5 Ω so that 2.5Q. This means thai: . 5 * — 2 4 and ω =
0.0044

1/(2.5 * 0.22 * l e - 9) = 32141 r a d = (321412 + 284 ) 5 32141

[012S] This gives a natural frequency, 4 ./ r 5115Hz.

[ 2 ] The half cycle time of this frequency may be about 98 µ , and the Q factor

may be:

f¾ 7] The energy toss is h e( n the total circuit resistance R consisting of

stator resistance r__.stator, on-resistance of MOSFET switches, current sensing

resistance and the like) during the discharge half cycle may be described as the

following integration (assuming e~ ¾ 1 and within integration interval)

[0 8] Similarly, the energy toss R r m be written as:

» = - ' f - V4/ · * ¾ - - V >-



[0 ] Therefore the total energy loss W o may be

Q A ~ Discharge R h r g = (2 ~ ) ¾ 21)

[ Assuming t at the original ( ow voltage) power supply is EM , the the virtual

boost power supply ¾ ay viewed as an equivalent (h gh voltage) power supply

being switched in during phase change to speed up the transition (i .e., staler current

discharge and recharge). The voltage E may be derived as E = E + AV where V

may be the average delta voltage on the capacitor,

| 1| Thus example embodiments achieve at least some of the above

objectives, eliminate difficulties encountered in the use of prior devices and systems,

solve problems, and attain the desirable results described herein.

[0 2] In the foregoing description, certain terms have been used for brevity, clarity,

and understanding, however, no unnecessary limitations are to be implied therefrom

because such terms are used for descriptive purposes and are intended to be broadly

construed. Moreover, the descriptions and illustrations herein are by way of examples

and the invention is not limited to the exact details shown and described,

[0133] In the following claims any feature described as a means for performing a

function shall be construed as encompassing any means known to those skilled in the

art as being capable of performing the recited function, a d shall not be deemed limited

to the particular means shown in the foregoing description or mere equivalents thereof.

The provisions of an Abstract herewith shall not be construed as claims to

features discussed in the Abstract.

[01 4 Having described the features, discoveries and principles of the invention,

the manner in which it is constructed and operated, a d the advantages a d useful

results attained; the new and useful structures, devices, elements, arrangements, parts,

combinations, systems, equipment, operations, methods, processes and relationships

are set forth in the appended claims.



CLAIMS

We claim;

An apparatus comprising:

a power supply;

a power contro!ier coupted with the power supply;

a dispensing mechanism coupled with the power controller;

a stepper motor coupled with the dispensing mechanism and the power

controller, the stepping is operable to operate the dispensing mechanism; and

a transaction processor coupled with the power controller;

wherein the transaction processor is operable to operate the motor

to operate the dispensing mechanism for a transaction.

2. The apparatus set forth in claim , wherein the stepper otor is a voltage

boosted stepper motor.

3 The apparatus set forth i claim 2, wherein the stepper motor is a unipolar

stepper motor.

4. The apparatus set forth in claim 2, wherein the stepper motor further

comprises a stator, the apparatus further comprising a body diode coupted with the

stafor.

5 , The apparatus set forth in claim 3, further comprising a boost capacitor

coupled with the body diode

. The apparatus set forth in claim 2 , wherein the stepping motor "s a bipolar

stepping motor.



7 The apparatus set forth in claim 8 , wherein the stepper motor further

comprises a s a r the apparatus further comprises a blocking io e coupled with the

s at r

8 The apparatus set forth in claim 7 , wherein the stepper motor further

comprises a boost capacitor coupled with the blocking diode

The apparatus set forth i claim 8 , further comprising two H - bridge control

circuits coupled with the stepping motor.

The apparatus set forth i claim , wherein the dispensing mechanism is a

cash dispenser

The apparatus set forth " claim 1 further comprising an urunterruptabte

power supply coupled with the power controller and the processor.

1 The apparatus set forth in claim , further comprising a card reader coupled

with the transaction processor

The apparatus set forth n claim , further comprising a printer coupled with

the transaction processor.

14 An apparatus comprising:

an automated banking machine, the automated banking machine comprises:

a card reader, wherein the card reader is operative to read from user cards,

card data that corresponds to financial accounts,

a display,

a receipt printer,

a cash dispenser.



a voltage boosted stepper motor coup with the cash dispenser a d

operable to operate the cash dispenser,

a terminal processor,

wherein the terminal processor is in operative communication with th

card reader, the display, the receipt printer, the stepper motor and the cash

dispenser,

wherein the terminal processor is operative in carrying out a financial

transaction to:

cause user card data to be read fro a user card through

operation of the card reader,

determine that the user card data corresponds to a financial

account authorized to have the transaction conducted through

operation of the machine,

operate the cash dispenser to dispense cash responsive at least

in part to determining thai the user card data corresponds to a financial

account authorized to have the transaction conducted through

operation of the machine,

asses the financial account to a value corresponding to the

dispensed cash, a d

produce a receipt corresponding to the value via the receipt

printer;

a battery,

a plurality of power sources other than the battery, wherein the plurality of

power sources include a solar panel,

a power control processor, wherein the power control processor is in

operative connection with the at least one battery and each of the plurality of

power sources,



wherein the at least one power control processor is operative to

cause the at least one battery to be charged by power supplied by a

battery charger,

wherein the at least one power control processor is operative to

cause power to be delivered from the solar panel to at least one of the

card reader, the display, or the receipt p nter,

wherein during the transaction, the at least one power control

processor is operative to:

(a) determine at feast one amount of power required to operate

at least one of the display, the card reader, or the receipt printer,

(b) determine power currently available from each of the plurality

of power sources,

c cause power to be delivered to the cash dispenser from the at

least one battery, a d

(d) cause power to be delivered from the plurality of power

sources to at least one of the card reader, the display, or the receipt

printer, responsive at least n part to at least one of the (a) or (b)

determinations.
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