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INTERFACE FOR MACEINE OPERATION
TECHNTICAL FIELD

The present linvention relates to apparatus and method for
controclling & molding maching, and in particular to a human
machine interface in the form of a contral ganel for a machine
contreller, which ceontrels and moniters the operation and
rroceszes of a molding system {such as an injection molding
machine for plastic or metal} and its assoccizted equipment (such
as a8 robot or other product heardling eguipment) . The invention
alzo relates to a human machioe inkterface, which preovides means
to simplify and customize the operaticn of the machine mannal

functions for the operator.

BACKGROUND OF THE THVENTION

A human nachine interface of a machine includes & display, an
cptional pointing devica, anpd pushbuttons, which provide Zhe
functicns For data entry, scoreen selections, machine operation
selection and actuaticn of manual operations. In molding
syslems, an individual dedicabed pushbutton is assigned to each
independent machlne manuzl operztion. As the injection molding
processes berome more complex, the demand for more functions and
operations to be provided by & aackine controller also
increases, For processing molds with moltiple cavities or
complicated parts, an increasing runber of mold funciions—
multiple ejectors and air blow funchions for parts removal, and
muitiple core actaators to form complicated garts—are reguired
in additisn to the basic macbhine functions. This impeoses a huge
burden on the operator to find the right buttons to push during
manual aperation. Sea, for example, Figs. 3 and 4. i
addition, manual operations which reguire zsveral funchticns to
e cgperated at khe sawe Lime become mors difficult. s the
number of pushbuttons increases, the human machine interface,
which alsc serves the function vf a c¢enbrol panel, will have to
be increased in size. For smail size machines that are requirad
to provide demanding molding functions, the size of their
control panels may grow to the point that the maneuvering area

of the operator is greatly reduced.

JP 2004-503039 A 2004.1.29
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SUMMARY OF THE THVEHNTION

In view of the above-elaborated problems, it is an object of
this invention to provide apparatus and method for controlling a
molding machine, anrd to provide a compact human machine

interface to imprave the ease of cperator mansuvering.

It is =Zurther an obhjact of this inventien ko provide a common
kuman machine interface for all products, with the same look and
feel to reduce the learning and training of products’ users.

It is further an object of this invention tc simplify the
operation of manual machine functions by dividing the functicns

o

irte functicnal groups for fast operation.

It iz further an object of ti

is invention to provide the means
o customize the operation of manual machine functions. The
scope of customization includes, but is not limited to:

1. sglecting groups 27 user preferred funcshtions from the set of
installied functicns;

2. assigning severa! functions to a sirgle pushbutten for
simultaneous actuation;

3. construciing a sequence of operations f©rom the sst of
installed functions for performiny a sequence of manual

functions automatically during mznual mode.

It lz further an ohject of this invention Lo provide & means Zor
storing and restoring the customization of each operator.

It is further an object of this invention to maximize ihs real
egtate o©f <the display for displaying the machine's process
variables ln real time when some of the manupal machine

operations are not in use.

The human mackine interface of this invention preferrably has a
control panel comprising:

a) & flat panel display screen;

b} 2 polinting deviece:

JP 2004-503039 A 2004.1.29
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¢} a plurality of pushouitons overlald with or without icons;

d) a2 housing coataining the above and the associated
electronics;

e} maans o uniquely identify each users preferred
configuraticn;

f) means to comnect to & remotz contreller for both digital
information and video signal communication:

3} & <onnection for receiving external power to drive the
panel’s elecironics and display;

h

goftware running in the remote controller to previde all

the operating functions of the human machine interface.

BRIEF DESCRIPTIQN OF THE DRAWINGE

PIGS. 1A and 1B are bleck diagrems of the hardware architecture
in a preferred embodiment zccording Lo the present invention:

FlG.. 2 is a crawing of a front panel of the humanr machine
interface in a preferred embediment according tc the »resent

irvention;

FIG., 2 iz a drawing of a prior art front panel of a human
machine intexface fThat has sixty dedicaked manual control
function kays:

Fi5. 4 is a enlarged view of the prior art fronl panel of a
hncan machine interface with the sixty dedicabed manual contrel

function keys;

Fic. % is a plcture of a front wisw of the human machine
interface in a preferred embedirent according o the present

invention;

FIG, 6 is a picture of the human machine interface at an angle
in a preferred embodiment zccording itc the present invention;

FIG, 7 i1s 2 selected iisgt of icons of a preferred enbodiment for

the purpose of describing the art;

FIG. & is 2 view of a3 screen displaying the appearance of the
K

JP
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sidebars with function group icons, appeared after the Group
Selection icon is selected;

FIG. 3 is a view. of 2 screen displaying the appearance of the
Function icons affer the User Configuration icon is selected;

FIG. 10 is a view of a screen displaying the appearance of the
sidebars together with the User Configuratlon Screen after the
Sidebar Configuration icon is selected; in addition, a selecied

location to be configured is highligbted;

FIG. 11 is a view of a screen displaying the appearance of ilhe

sidebars after the addition of the funchbien is selected;

FIG. 12 is & view of a screen displaving the azppearance of the
sidebars after a function to ke exchanged is selected;

FIG. 13 15 a view of a screen displaying the appearance of the

sidebars afier the exchangs is completed;

FiG. 14 is & view of a screen displaving the appearance of the
sidebars after a function 1z removed By pressing the Recycle
loon} ’

FIG. 15 is a vwview of a screen displaving the appearance of
dialog box on the User Configuratien screen when the Exzit icon

is touched, if changes have been mads:

FIG. 156 is a view of a scroen displaying the normal operation

after the operater confirms the dialeg bex:

FIG., 17 is a wiew of a screen displaying the appearance of the
gidebars showing the real time wvalues of the process variables

when the Process Variables group is selected;

FIG, 1& i3 a view of a screen digplaying the sidebar funciion
degcription when the Information dicon iz selected on the User
Configuration soraen;

FIG. 19 is a vwiew of 5 screen displayving the on-line help
4
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information on the User Configuration scresen when the Help icon
is selected.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

1. Introduction

The advantageous features of fthe present invention will be
described witn respect to the plastic injection molding system
or machine, for example, as described i1n  co-pending US
Application No. 09/1&6,738, filed October 5, 19928, incorporated
herein by reference. However, the invention is not limited to
such embediments, but may be applied to any molding technology
within the scowpe of the attached claims.

2. The Architecture

The control architecture accorxding to the present lnvention
provides both rezl-time contrel of the injectlion molding system
and rezl-time interface with fthe operator <controls. The
architecture alse includes the human machine interface {IMI)
requi
nolding system, as well as an interface to the factory and

ed  for the operalion and menitering of the indection

corperate headguarters for informatior exchange. Software and
hardware are integrated to convert a generzl purpose computer
into a syslem centreller which not only contrels the machine
functions and the operator controls, but has an op=n
arehdltecturs Lo enable  easy  integraktion of any ancillary
equipment and inizsrmatiorn exchange with external asystems and
netwerks. in  addition, the general purpose computer s
extended, Dby additional hardware and software, to provide
deterministic real-time control of an injection molding system

to achieve high performance and intelligent manufacturing cells.

Fig. 1A is a schematic block diagram showinyg the general
features of the imjection molding system control architecture
actording to the present invention. In Fig. 13, an injectjon
malding sysktem or machine 10 carries ounb injection molding
procesges Utilizing digital devices 12, 14, 16, and 18, and
analod devices 20 and 22, in a well-known mannuer. Rach of the
digital and ansloy devices preferaibly includes input for driver
5
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control and an output which provides feedback signals used in
closed looy control of the device. Digital devices 12, 14, and
analey devices 20, 22 preferably receive control signals From,
and ocutput feedback signals to, Tield bus 24 (to be described
below); wnile the digital devices 18 and 18 receive control
signals from, and output feedback signals to, digital bus 26 {to
be described below). 0f course, depending on the particular
injection molding system being controlled, either the field bus
24 or the digital hus 2¢ may carry sll necessary control and

feedback signals to conlrol the injection molding process.

A huaman machine interface f{or econtrol panel or station) 30 is

uvsed by the operater to input centrel data and to view process

feedback informaticn. The HMI 30 has a keybeoard 32 and a
pointing device {such as a inouse} 34 which are used hy the
cperstor to input data. A svstem function keypad [(which may

include an LED display] devige 36 may alsc bo used by the
opevator to input specific wmachine commands, depending upon the
system to ke controlled. A display 38 provides the operator
with at least one viewing device for ¢bserving a display based
on  faedback signals, and provides an interface for manuwally
input data. & removable storage device drive 40 {such as a
floppy disk drive) may also ke located at the control panei 30
for Lhe operalbor teo input pregrammed control information, xnew
control programns. or to download feedback datz to a removable
storage  device. Tha conirol pacel 30 also dpcludes a
neitivlsxer 42 (to be described below)! which ncltiplexes the
various control and feedback data between the HMI 30 and the

general purpose computer 44,

The general purpese computer 44 is preferably an off-the-shelf
perscnal compukter having a CPU 46, a HROM 4%, and a RaABM 50.

Preferably, the computer 44 includes a conkrol panel interface
5% which is coupled Lo the multiplexer 42 of the @MI 30 through
a4 bi-clrecticnal, greater than 1 Glgabit per second serial bus
link 54 (tc be described below). The interface 52 1s preferably
a Beckhoff Industrial Electronics CP-Link PC Multiplexer. While
not shown, the general purpose computer 44 may be sguipped with
such peripherals as a CRT, z kevboard, a disk drive, a CD-ROM

drive, a mouse, a touch scresn, a light pen, eto.
[
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The computer 44 also has & digital interface 56 which is coupled
to the digital bueg 26 through a connection 38. Likewise, the
computer 44 has an inkterface 62 which is coupled tc the field
bus 24 through & connectioh €2,

The computer 44 also includes a local area network interface &4
which may be coupied Lo 2 local arsa network {e.g., Ethernet:

not shown) used within the factory. Also, the computer 44 nay
include 2 modem or other external interface 66 which may bhe used
to conneck the computer 44 To, e.g., the intermet or an
intranet.

With the structnre described avove, the control archirecturc
aceording to the present inverbion can conduct true real-Lime,
clused loop contrel of the injection molding devices 12-22
without the need ©f a PLC or an ASP, as werec requlred in the
prior art, Additiopally, the operator can control the injection
molding process from the HMI 30 through the computer 44. The
computer 44 has sufficient procegsing apeed and power to multi-
vask process both the injsction-molding functicons and the HMI
functions, For e=xample, the computer 44 may process
instructionz for the high-priority clesed-loop contiroal led
injection molding devices in  foereground, while processing
instructions for the lower-priority HMI functions in backgrounz.
Thus, the computer 44 will interleave processing of machine

contrel functions and HMI Zunctions.

As noted above, the single, getneral purposc computer according
te Ehe present invertion includes a hardware architectures
similar te that of a standard, general purbose commercial or
industrialized personal coampuber, and p-eferably operates under
a generzl-purpose ownerating system such as Windows NT {Tm}.

Preferably, the computer 44 is a Model 8150 Industrizl PO from
Becikhoff Industrial Electronics. This FC festures & Pentium IT
microprocessor with a 2.0 Gigabyte (or higher) hare drive, and a
64K RAM memory. The computer may alse be equipped with a CD ROM

drive, 1.44K and/or 120 MB disk drives, Ffour serial interfaces,

a printer interface, and several {e.g. seven) slots for
additional cards. Interfaces for local azea networks and/or
7
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ipternet/intranet connectivity are praferably inatalled Im the.

extra slots. The computer is capab.e of simultancously multi-
tasking at least three functions, i.e., contrel of the injection
molding system, conkrel of the HMI, and serving as a plant-wide

network server.

The computer 44 performs A/D and DfA functioms in order to
receive the analog feadback signals and provide znalocg control
sighals through the £field bus 24, Thus, the computer 44
processes all control programs, MMI  programs, and network
programs in the digital reogime. By operating inp . the digital
regime, the computer 44 provides batter performance and more
aceurate  solutions than traditierally offered by zapalog
circuitry. The high computation power and generous weorking
mewory size of the computer 44, together with a software real-
time extensicn kernel {to be described below) provides real-tine
performanze for machine control, BMI functions, and rnetwork
funcitions. since the zeal~time axtension Xernel overates on
micvrosecond resclutlon, the computer 44 cperates zs a multi-
tasking scheduler for all computer functions. That iz, the
cowputer 44 may aimnltaneonsiy contrel all of the injecticn
melding devices using mumlti-lasking processing. haditiconadly,
such machine control functions can he multi-tasked together with
the @I functions and/or the network functions. The system is
capable of achieving injectinon molding device oconirocl lsop
updates on the order of milliceconds, which renders the use of
an analog closed loop controller for real-time conhrol of the

imjectisn molding devices unnecessary.

Thus, the computer 44 can control the indection molding devices
using & plurality of predetermired device-contrcl programns,
fe.g., resin injection, mold clamp operation, etc.), and also
controls the HMI 30 ntilizing a plurality of predetermined HMI
programs (e.g., display, keybosard, wmouse, kevpad, etc.]. The
compuier 44 also networks with other computing devices through a
local area network {znd/or the internet) wutilizing a plurality
of  predeternined programs such as infternet browssrs, word
proczessing programs, spreadshest programs, ete. Not only doss
the computer 44 operate a plurality of such control and

petworking pregrams, it can do so in real-time by muelti-tasking
8
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the processing in accordance with a predetermined prioriby, such
as eritical injectien molding devices first, feedback and status
devices second, MBI deviges third, and network communication
funciiens last. Moreover, the open architecture of the computer
44 allows any of these predefernined contrel and petworking
wrograms to ke modified., wpgraded, installed, or changed, as
required.

Not enly dces the computer 44 obviate the need for an ASP, it
alsc replaces the PLC used at the pricr art. .The ability to
2a51ly install mnew applicatien program soitware into  the
comrputer 44 provides a method of mapping process inputs/outputs
te process images which can be displeyed to the operator. The
computer 44 iz enabled with input and oubtpub capabilities as
well a3 e real-time kernel extension to its general-purpose
operating systemn and programming software. in accordance with an
internstional indusirial standard such as IBC 1131-3. Thus, tke
computer 44 raplaces the commonly uwsed PLC or - proprietary
cortrellers which control the opsrating seagnences of various
injection wmolding system devices to porform  the  reguired
injection molding Tunctions. Irn addition to acting as the
master fur controlling the machine functions, the computer 44
alss acts as an indormation archive which concentrates all
oparaticnal information cf the machine devices and machine
statns which may then be transmitted te a factory supervisory
system.

The HMI {or contrel panel or staticn) 30 is used (o input
contral information Co ¢eontral the injection meolding devices 12-
22, and tu ruocsive feedback from those devices for display,
storagas, or Cransmission. The HMTI 30 includes such standard
control equipment as the keyboard 32, the polnting device
(moise] 34, the keypad 36, the removaole storage device 40, the
display 28, and the multiplexer 42. Preferably, the HMI 30 is a
Beckhoff CP7000 series control panel having special PLC keys
with LED displays, a2 touch screen, a 15 inch TFT display, a PC
keyboard, a 3 and 1/2 inch disk driva, and a CP-Link interface.

Ir the present invention, the effectiveness of the commuanication

between the HMI 30 and the compuber 44 is greatly improved due
]
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fo the iategration of the oparator interface and machine control
functions inte E single gereral purpose computer  which
eliminetes the processing betfleneck normally imposad by the
communication links between the HMI, the PLC, and the ASP, as

uged ln the prior ark.

Beferring to Fig. 1B, the HMI 30 is shown connected to the
computer 44 through the greater then I Gigabit serial bus link
54. The use of such a high speed bi-directional multipiexed bus
between the HMI 30 and the computer 44 allows the physical
separation of the operator control and the display elements Ffrom
the computer 44. In the praferred embodiment, the likk 54 iz as
iong as 50 meters, although lesser langths such as 10 meters may
be eppropriate. By housing the computer 44 away from Lhe HMI
30, ali delicate ocomputer devices such as hard disk drives,
modems, the CPU, etc. can  bhe protected  from the  heat,
vibratiohs, and impacts normally encountsred in an injection
melding environment, This highk-speed link cnables the HMI 30 to
he installed near the machine 10 and at an optimue location for
ease of operation while maintaining a sufficient separation from
the computer 44, For this reason, the electronics reziding
inside the HMI should be the minimum required to display data,
allow data input, and facilitate manual command functions
through the  keyvbheard 32, the peointing device 34, ang tha
furction keyped 26.

In Fig. 12, the display at the HMI Is preferably a 1FT dispiay
382, althsugh the display may bhe an LD, an ILCD, a CRT, or other
sguivalent aisolay devices. The BMI 30 alsc includes one or
more pointing devices 342 which may cohprise a mouse, light
peng, a touch s=creen devices, eta. The keyboard 32 is,
preferably, a standaréd PC  keyboard, although spectalized
keyboards with speclalized function keys may be used. The
machine function keys and LED display 36 are those typically
found ir kaown injection molding systems. The removable storage
device 40 i used to ipput control program or zetpoint
infermation, cor to store feedback signals. The abkove-discusscd
input and ouipuf devices are connecied to the HMI multiplexer 42
which multiplexes the information for transmissicn over the

greater then 1 Gigabit seriel hos link 54. The multiplexer 42
14
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also contrels a 5 volt power supply (net shown). Lastly, the
HMI 30 may include an emergency stop button or device 50 which
ray kbe used to stop the Injsction molding devizces in  an
erergency. The amergency stop button 80 is connected to safety
circuits B2 which, in turn, aze connected to tha conputer 44

through an intsrface (not shown).

The link 54 provides bi-divectional communication between the
HMI  and the computer 44, and this greatly simplifies - the
architecture and imgroves the relizbhility of the system. The
bi-directional 1link 54 connects the MMI 30 to the computer 44
for wideo control and data  input. The compoter 44 thus
processes the bulk of HMI information insitead of the BMI 30.

The spesc of communicaticn hetweszn the EMI 30 and the conputer
40 is in the Gigabit/s range, and this allows the compuiter 44 to
provide real-time resporse from operator-initiated changes teo
fthe mechine devices 12-22. The link 54 can be implemented by
cormercially-available links asuch as Panellink, products based
on an interrmabiopnal industrial standard such as IEEE FP1348b, or
CP-Link from Beckhoff Industrial Electronics, or equivalents.

n the preferred embodiment, the CP-Link from Beokhoff iz used.

Thz HMI 320 thus bhas minimum processing capsbhility, preferably

only Ethose reguired to dispiazy data, aillow data inpuk,
facilitate mamually-contralled functions through the function
keys 36, and lo communicate with the operator through graphic,
text, and video displiay. g2ince the computer 44 can ba heused
away from Ethe HMI 30 fe.u., in & control cabinel! in a
controlled environment ko protect the delicate computer devilces,;
the operator control and display functions can be moved ziloser
to the injection molding system for closer chservation of
wachine functions by the cperator.

The bi-dirsctional 1ink 54 may compirisze a two Wwire coawial
capla, two single wire coaxial cables, one or more fiber optic
cablas, or other cormunication means. No  agditlonal power
supply is usunally neaeded for the link 54. The cable interface
may comprise a printed circuit beard connected to a standard
personal computer hus {e.g., IS3, or PCI), and therefore may be

used with any general purpcse computer.
1L
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As shown in Fig. 1B, the computer 44 may :nclude additicnal
structure to that depicted in Fig. IA. In particular, the
computer 44 preferably alzo includes an LCD graphics controllex
board 84 for controlling the display 382. Preferakbly, the
controller 84 includes an LCD interface. The cowputer 44 also
includes a keyboard interface 66 for keybcard 32, and a
removable storage device controller 90, which controls the
removable storace device 40, The serial interface 69 is used to
contrel the serial commmication ports.

Signals from the computer interfaces for the LCD, the keyboard,
the pointing devices, the cowmmurication porls, and the removable
storage devices are converted by the PC interface link board 52
to a high freguency serizl signal which is then transferred to
the HMI 30 through the link 54. The HMI multipiexer 42 converts
the serial signal back ko the original computer interface-
generated =ignals, which are then transmitted to the wvarious
devices for control and fcedback. Thus, the devices on the HMI
30 wmay be conkrolled from the computer 44 over much longer
digtances than would normally be possible. Since the link 54
preferably nas at least btwo sScparate chanpels, there is a link
channel  for each communication direction between fthe contrsl
panel 30 and the computar 44.

The computer 44 alse includes an interface 5% for interfacing
directly, when reguired, to digital devices 16 and 18 aver the
digital bus 26, as secn in Fig. 13a. Preferably, the interface
56 ia a STRCOS (Serial Real-time Communicatisn System) . Again,
the open architecture of the compoter 44 allows control of
injection molding devices 16 and 18 directly through the digital
us 26 or, alternatively, through the fieldbus 24.

3. The HMI

2 human wmachine intsrface for machine control ascording te the
present invention is prefersbly embodied in an improved operator
contrel device depicted in Fig. 2. guch a device enables
simplification and customixation of machine manual operation,
and improves the ease of use of the machine. Tts graphical user
interface provides the flexibliiity and functions to present

12
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information in a simple, more direct mamner than other existing
controel systems. Intelligent sget-up and the use of a touch
screen, as the peinting device to retrieve informatlion, simplify
row the operator accesses information, The enhanced dJrapnical
representation and easily recognizable icons Further simplify
the presentation. The layout of the hutan machine interface is
designed to make setting up and operating the machine sasy. The
mogt commonly used manual cortrol functicons are activated by
pushbuttons arocnd (aslang the top and botktom in a preferred
embodiment} the huwwman machine interface display. Okher manual
operation functions are also organized around {inte  two
"sidebars” located along each side of the display In a preferred
cmbadiment] the display. These sidebars can be reconfigured
according to individual mold or process regulirements. HManual
operation functions are divided into pre-defined groups, which
are represented by graphlcal and/or teszbtual icons. They are
L

selectakle by the operalior Lo actuate the desired manual

operation functions. o functign is provided to the user to
customize the operations by selecting the individual's cholces
from the predefined manual operatien functicens to form &
personal group. Additiensl functionality is provided to allow
assignment of several independent manual operations into a
single function icon to achieve a3 ona-buntton operation. The
configuration of screeps and sidebare ie stored on 3 memcry
device that may be ynigue to each operator;! accessing the device
configures the haman machina interface accerdingly. The sidebar
interface further includes the function of displaving resal-time
process variables and hence maximizes the usage of the display’s

real estate.

The preferred embodiment depicted in Fig. 2 includes tha below-
described nethods and means to simplify the mamial machine

functions.

Ag shown in Figs. 2, 5, and 6, the manual machine functions are
divided inteo clasgses: a3 minimum of twc classes is  formed:
commorily wvsed basic contrel fupctiens (BCF) and application
specific control functions [ASCE}.

12
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The commonly used basis control Tupciions are those functions
which are typically reguirszd toe opsrzte an injeciion molding
machine such as cycle start, automatic cycle mode select, semi-
automatic cycle mode seleck, manual mode selegt, rebot engage
selact, pump on, pump off, closing the ncid, opening the mold,
clamping wup the mnold, unclaemping the mold, woving machine
ejector back, moving machine ejector forward, turning mold
cocling  on/off, opening/closing injection shut-off  nozizle,
purging, plasticizing, moving the injection unit forward and
moving the injection backwarxd.

Each dedicated control functicn pusinbution is installed with a

= e

device to act as a confirmation of the activation of the

selected function.

The application specific menual control functicons include, but

are not limited to, plurality of air blow funetiens, plurality
of core functions for set and pull operations, robot related
operetions, producht handling operations and ancillary eguipment
operations, whenever such application specific functions are
included in the meolding syetem.

Rows of dedicated BCF pushuuitons (one cn the top and ocne on the
bottom of the display in a preferred embodiment), with pre-
defined icoms are installed on  the countrel  panel. The
pushbuttons are preferably mechanical buttons or feouncn pad kKeys
which correspond to the Zcons shown on the screcn  next Lo the
battons. Together, they provide all *he basic control functions
for operating the machine. Alternatively, the pushbuttons may
be part of a tough =screen display panei, although 1t ig
preferred that the buttons be dedicated mechanical buttons so
that the screen’s real estats can be devetsd for Information
display and other configurable functions.

Preferably, no hordware indicating device is installed with the

application specific manunal control Function pushbutions.

Instead, each icon, which is assigned te a pushbutton of this

category, may change its appearance to indicete the ectivaticn

of the selected functions. The indicating obiect, forming part

of the icomn, is provided ta confirm the activatrion of the
14

JP 2004-503039 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

35

(33)

WO 01496969 PUT/CANIANS0R

function. They indicate when the functions are selected. Fox
security purposes, all installed application specific menual
contrel  functions preferably should only be zactivated by
pressing the pushbuttons on the sidebars. Preferably, pressing
the icons directly will not activate the pre-programmed manual
contrel function. This is to avcid accidental activation of
marual Functions during the navigation of the display by the

touch screen pointing device.

As shawn in Figs. 5, &, and 7, Columns of sidekars comprising
ASCF pushputtons, {one on the left znd ocne on the right of the
digplay in the preferred ermbodiment), with socfiware driven icons
for configurable functions are installed on the contrecl panel.

Together and with the hereinafter described methads, they

provide all the application specific contrel functions.

TE is clear from the zbove that by mearns of multiplexing the
application specific control fusctions into the two columns of
gidepar pusgbbuttons, the operator control panel can be rediced

in =ize.

The application specific control functions are divided into
groups, which are formed by caontrol functicons either related to
multiple acivaters of a similar nature or functions of multiple
sub-systems. RS an exanple, the runcticen group for air blow
coerations may have icons for a plurality of independently
operated blower devices. As snother example, the function group
for robot operations may  have functicns for  miltiple
indepondently-vperated axes. By tuking this desidn hierarchy,
the aystem can ke expanded to satisfy any special functions.

Az will be describsd in meore detail helow, pressing the
dedicated pushbutton {top button in a preferrsd embodiment) of
each column of sidebars will display all the icons of the
function groups adizcent %o the remaining pushbuttons. The user
can then select, by pushing the appropriate button, the group of
factory pre-set control functions or user-defined control
functions by pressing the group icon. Thereafter, the group
icon willi replace the top icon and the icon of each control
function ot the group will appear adjacent to each pushbutton.
15

JP 2004-503039 A 2004.1.29



]
(=]

[
v

w
15

L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(34) JP 2004-503039 A 2004.1.29

WO 0146969 PUTICAVIAOS0R

The overater can fthen actuate and/or select the {functions
reguired, again, by pushing the appropriate button. The contrel
system supporks multiple pushbuttons to be activated at the saue
time. Therefore, the operator may activate several control
functions. As an example. the control hardware allows the
controller to  identify that multiple mechanically-actuated
puskbuttons are actuated aznd to dacode the salacted operalions
by the operator. By pressing multiple pushbuttons, such as the
corresponding pushbuttons of the “clamping the meld up* function
and the ™moving the injectien wuwnit forward” function, both
farctions are performed zf the same time. This contributes to
the speeding up of the manual macitine operation.

In addition, it 18 also possible to customize the sidebars for
sach sygtem user. In a preferred embodiment the procedure to
customize the gidebars is asz follows:

« The pushbutton associated with the “"Group Selectien” ({Lop)

icon of either sidebar is pressed, and a column of fFunction
group icons appears adjacent to the sidebar pushbuttons.  See
Fig. 8. The  pushbutton zssociated with the “ser
Configuration Group” lcon is pressed, and the icons of the
current user's customized functions replace the ¥unction Group
iocons on the both sidebars, See Tig., 9. The pushbuttzn
asgociated with the "Sidehar Configuration" (bottonm of the
right sidebar} icon 1s pressed, and z spscial jcon selectlon
sereen—the “User Configuration” screen—appears. Sec Fig. 10.
This allows addition, exchancge, or removal eof availabile
machine Ffunctions. The "User Configuration” zscreen shews all
installed machine funciions/icons; unassigned ones are sShown
in Their normal colours, aseigned ones are shown greyed out.

s« Functions are added by pressing the pushbutton asscciated with
an unassigned location on the sidebar. Then an available
Zunction from the "User Configuration" screen is selectsd. The
icen then appears beside the pushbutton, and is shown greyed
out on the "User Configuration" screen, See Fig., 11,

= Functions are exchanged by pressing the pushbution associated
with an alrzady assigned location on the sidebar. An available
function from the ” User Cenfiguration” screen is selected.
Tha newly selected icon then appears heside the pushbuttan,

18
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and is shown greyed out on the "User Configuration® screen
the previcusly assigned icon ther is shown normal colour on
the "User Configuraticn" screen. See Figs. 12 and 13.

« Functions are removed by pressing the pushbutton associated
with an already assigned sidebar location. The "Recycle" icom
from the "User Configuration” screen is selected. Tire
previously assigoed lcon then is shown normsl colour om the
"User Configuration" screen, and the arsa adjacent to the
pushbutten is shown vnassigned. See Fig. 14.

« Simple instructionr to guide the syshtexr user through
custonizing the sidebars i1s accessed by selecting the "Help™
icon., See Fig. 19,

» Detailed jnformation on  each iloon/machine  function, and
ipstruclions op how tao use it are accessed by selecting the
"Information" icon. See Fig. 18.

» B dialog box that allows saving the changed sidebar
configuration is acecesaed by selecting the "Exit™ icon. The
dizleg box allows the system user to save the changes, or to
discard the changes. Cnce thes dialog is completed, a normal
aperating =creen replaces the “lUser Configrration” screon

3ee TFiga. 15 and 16,

The above mebthod is further extendsd *to include the assigoment
of multiple funetions to a pushbubton for sinuliansous nperalion
of multiple contrel functions. For example, in order fto achieve
a blow off of paris Zrom a multiple cavibies mold, several air
plow runctions have to be oporated either individually or
simultanecusly. This iz & tedious task for the operator if the
rurber of functionsg is high. By assigning a single activation
pushbutton for s grovp of related air blow funcktions, which can
be actuated at the s=sme time, the task of the operator is
greatly simplified, Those skilled in the art can easily
appreciate the ease of extension based on the albove disclosure,
Ly adding a programming function on the icon selection screen
that allows Zfor multiple function assignment. An option is
provided on the icon selection scrsen to allow the operator to
salect multiple functiong. When this optlon is selected, a new
group will appear on the screen. If npot previously selescted,

all icons of this group are blank. The operator can select any
17
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icons from any groups and assign these icons to a group. Thess
grouped funstions are activated by selecting this special group
icon., The procedures for the selection apd confirmation eof
accepting the new selection are performed similer to those
described in the shove.

The above method iz further extended to include the assignment
of seduential operation of a series of control functions hy a
single pushbutton. HAn option is provided on the icon selection
window to allow the operator to program sequentially operated
manual funclions by one pushbutton. When this option is
selected, a new group will appear on the window. The operator

can then select the functions To be activaled by selecting the

icens from any group. When each icon is selected, a dizlog
window will eppear. The operstor is reguired to select the
ocption for stopping the icon reprasented Function. The options

include parameter entry for duration of operation, Aif the
function iz o be stopped by Uime; paraneter enbry for pressure
set point, if the function is to ke stopped by a pressure lewvel;
paraneler sntry for posziticn set point, if the function is {0 ke
stopped by distance; selection of a ovent from the pro-defined
events which are vre-programmed in the machine controller: or
ending condition identical te the frnetion when operated in
automatic mode. The proceduras for the selection  and
confirmation of accepting the new selection are performed
similar to those described in the above. By comgleting the
assignuent of a series of the funciicns to this group, the
oparatoy will be able to control the desired seguence of
operation by pressing a sindgle pushbmtlbon.

Ir: addition to the akove, a special group icon is available (nob
shown, but similar to the other dgroup icons, medified as
apprepriate) to be selected for displaying the actusl wvalues of
the process wariables in real time. This function maximizes the
use of ihe display’s real estate when certain manual control
tunctions are wot in use, such as during automatic cyecling aof
the system. Similar te ths assignment of Ffupnctions to
pushbuttons, the process varizhles could be assigned from a list
of available process wvariables provided by the machine

controlier.
18
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A memory device i5 used to uniquely identify each operator and
personalized sestbings. In a preferred embodiment, a portabla
I?¢ I/0 EEPRCOM memory device, iIin the form of a key, as
manufactured by Catakey, Inc. nzy be used. The housing of
the HMI has a corresponding key-connection means for the kay.

By means of such connectieon, information can be stoved and
recallad by the nachine controller. This device may be accessed

by means of passwords, biemetrics, or it zan be the removable

key noted ahove. The machine contreller is czpable of reading
and writing to such a  davice. The device 15 used for
customization purpose. It stores the information of the

custemized functions as described above zod, but pol limited to,
the opreferred language of text to be displaved on all screens,
the operator’s preferred enginesring units of precess variables,
the operator’s wreferred organization of information on &
screen, etc. 1t is pre-programmed with the operator’s personal
igdentity, which will be usad by ths machine controller to
determine Ulhe acvcess level of the operator te the system. All
custontzation nerformed by the operatcr are stored, in the form
of index files, into this device. Upon reading the information
of the index files from thiz device, szoftware of the machine
controller will re-gensrate the customization., This will enable
the operator to restore hnis/her own preferences such as
language, engineering units and customized manwal functions when

he/she is operating the machine with the device.

4. Conclusion

Thus, what has heen described is a human machine interface for
an injection molding system which provides unlimited flexibility
in configuring and operating the control svstem, provides a
wser-friendly method of configuring znd controlling the molding
machkine, and provides a platform for future upgrades.

The individual cemporents shown in the Drawings zre all well-
known in the molding machine control arts, and thelr specific
construction an operatlon are net critical to the operation or
best mede for carrying out the invention.

While the present invention has been described with raspact to
e
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what is presently considered to be the preferred embodiments, it
is to be understood that the invention is net limited toc the
disclesed embodiments. T2 +the centrary, the inventien is
intanded to cover variousg modifications and equivalent
arrangements included within the spirit and scooe of the
appended cliaims. The scove of the follewing claims 1s to be
accorded the broadast interpretation so as to encoinpass all such
modifications and equivalent structures and functions.
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WHAT I8 CLAIMED Is:

1. A human machine interface for a molding machine having
g control psnel, comprising:

& fiat panel display screens;

a pointing device:

a plurality of pushputtons on on said flat panel display
screen averlald with or without icons;

neans ta uniguely ident

£y sach uger’'s  preferred
configuration;

a conneciion for receiving external power to drive the flat:
panel display screen; and

software runminy in the remote contreller to provids all

the operating functionz of the human machine interface

Z. A method for contrclling a meolding machine hawving a
control panel comprises the steps of:

providing & flat panel display screen;

providing a pointing device:

providing s plurality of pushbuttans on on said flat panel
display screan nverlaid with or without igons:

uniguely identlifing each user’s preferred configuration;

receiving extermal power te drive the flat pansl display
screen; an

running soflwore in the remote contreller to provide all
the operating functions of the human machine inferfare.
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