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ABSTRACT

Monitor in real time is the most important link duy the 4 basic key elements in the intellectuibraof sheet
metal forming, which adopts effective test meaneflect the mechanics parameter and geometry patanof the
processed target's characteristic. It is well reelil for high-speed data acquisition using virtuastiument
technique based on LabVIEW as the system congadiaftware and using the system hardware compokéteo
portable computer, 6062E portable data acquisit@ard, four-slot chassis for signal conditioningglei-channel
module for strain-gauge and eight-channel moduleaioalog output is given in this paper. This papeainly

introduces the realization of high-speed data asifjon based on LabVIEW virtual instrument to réale monitor
for intelligent bending system.
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INTRODUCTION

The intellectualization of sheet metal forming lie tcrossing subject of sheet metal forming theoity wontrol
theory and computer science. According to the dltarstics of the workpiece to be worked, utilizippysical
guantities easy to be measured, material propeames optimum technique parameters can be determimed
real-time, and then the forming process can be t&tegh automatically with the optimal processinggpaeters. It
can not only change the face of the stamping psydrg also will promote the transformation of gpémy machine,
and holds great significance in decreasing shesdegreliminating technical difficulty of mould ardjuipment
adjustment, shortening the time of debugging modempleting processing by optimum forming paransstand
improving yield and productivity.

Monitor in real time is the most important link ¢hg the 4 basic key elements in the intellectusilimaof sheet
metal forming, which adopts effective test meaneeftect the mechanics parameter and geometry pesrof the
processed target's characteristic. This paper ynaittbduces the realization of high-speed dataiesitipn based on
LabVIEW virtual instrument to real time monitor fmtelligent bending system.

THE BENDING INTELLECTUALIZATION CONTROL SYSTEM

According to theory analysis and numerical simolatithe influence factors of free bending procdsaide sheet
metal are material property parameters and gearngdiiameters of blank and mould in addition to lemdorce
and stroke. And, the single valued relationshigtsxbetween aim bending angle after unloading @ndibg stroke.
So, the aim bending angle can be controlled byrobimg bending stroke, and the bending intelletinadion

control system can be established. As figure 1 shitvat system can be divided into four parts adngrtb working
principle:
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Fig.1 The bending intellectualization control system

(1)The process monitoring part is composed of sen&f card, industrial computer, display programda
acquisition and recording, which reflecting bendsigpke ()and bending force ) are converted into voltage

signals/,, and\/p) by displacement and pressure sensor pass bytwomag module(Scx1-1180 and Scx2-1520).

The two voltage signals conwert from analogue gitali value by A/D card(6062ED and are input into computer.
The record show program set in the computer sthieabove two physical quantities in the form dfadies in the
computer automatically, and shows Beh curve on the display in the real time during thadieg process.

(2)The parameter identification and prediction pantnainly composed of computer and the relevafiiveoe. The

information of P, h and ect obtained by monitored will be transferethe neural network identification module
after learning and training which identifies maakmperformance parameters in real time accordingptecific
nonlinear mapping relationship. Then, regarding mheterial performance parameters of final recognijtiaim

bending angleao, and sheet thicknes$ as input parameters which will be transfered taralenetwork prediction

h
module to predict the optimum technology parametdsending stroke “° .

(3) The real-time control part is composed of cotapucontrol program, D/A card6062E2 , three unit four
passage reversing valve, controller, relevant moduald ect. Control system regards the bendingemekieedback
signal and sents out control signal according éodhtimum technology parameter given by predictiwdel. D/A

card will convert the digital quantity of voltagégsal into analog which will be input three unitufopassage
reversing valve to bring the reversing valve inttian and achieve the goal of controlling benditrglee.

(4)System executive part is mainly composed of aylic press, experimental equipment and etc. Hyidraystem
is composed of motor, hydraulic pump, relief vaared three position four-way electromagnetic dimawi valve,
which adopts self-made general-utility hydrauliegs.

THE HIGH-SPEED DATAACQUISITION SYSTEM BASED ON LABVIEW VIRTUAL INSTRUMENT

The graphical programming software (LabVIEW) basedG Language is an innovational software proddct o
American National Instrument Corporation NI, whicAn perform graphic combination operation agaimstial
instrument software under the intuitive environmant is widely applied in the fields of automatist; data
acquisition and control, process monitoring andigtdal automation.

Generalized data acquisition which includes andtpmit and analog output is a process that covedspysical
signal such as voltage, current, temperature aesspre into digital quantity and passed to the etenpThe data
acquisition program library of LabVIEW is a drivirmpntrol program which includes many data acquisitards.
Usually, a card can accomplish many functions. Uisers must set up good hardware configuration qgfiiaition

cards before using them. The principle of data &ifipn system based on LabVIEW is shown in theifgg2, and
the figure 3 is the real system.
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Fig.2 The principle of data acquisition system based on LabVIEW

Fig.3 Thereal data acquisition system based on LabVIEW

On the basis of specific applications and own &xgstechnical resources to choose data acquiditgsdware. The
system adopts notebook date aquisition card (Caé@b), toshiba notebook computer (Satellite3000)r-6lot
chassis for signal conditioning (SCXI-1180), eigh&nnel module for strain-gauge (SCXI-1520) and wiring
terminal (SCXI11314), eight-channel module for agataitput (SCXI-1124) and the wiring terminal (SCX1125).

THE REALIZATION OF HIGH-SPEED DATA ACQUISITION

Data acquisition card (National Instruments DAQC&0®2E) provides high performance E series techyyoto

laptop with PCMCIA (PC card) slot and portable gouént. It can obtain 16 single-ended analog inBewdy

difference) of 500 ks/s sampling rate and 12bibkdgson. DAQCard-6062E is a multifunctional synchoas

high-speed data acquisition card based on PCI Iichvis produced by the NI company, it can be diydoserted

into any bus expansion slot with PCI bus in the gotar, constituting the acquisition, monitoringpunh system and
output system of analog voltage signal or digitghal. Its various performance indicators are dis\is.

Input Precision: 12bits
Sampling rate 500kS/s
Analog input 16SE/8DI
Input range +0.05V~+10V
Input span 15gear number
Analogue output 2

Output accuracy 12bits
Number I/Q 8
Numeration/Timer 2

When using a DAQCard - 6062 data acquisition csetting the sampling frequency be greater than'sLdggmamic
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sampling, its acquisition program flow chart issiwn in figure 4. Using the technology of buffbuffers) here,

in this case, the buffer is one part of the PC nmgnfoot FIFO buffer on the data acquisition caiitljs used to
temporarily store data. For example, it is difficid collect thousands of data per second andalispi make data
graphical in one second. But we send the dataqgmisition card to the Buffer first, they can beakly stored first,
later again to rediscover their displays or analyldiis important to note the Buffer is associatéth the speed and
capacity of operation. The DAQ card has the DMA@@nance, analog input operation has a lead tditie speed
computer memory hardware channel, which means ¢bi¢cted data can be directly sent to the comfsuter
memory.

[ Create A Buffer in Memory |

"

ritting Date Converted 1y

A/D to Buffer

YES

Reading from Starting

Point of Buffer

Fig.4 Dynamic program acquisition flow chart chart

In addition, in the LabVIEW software programmingch template of DAQ in the function template, sashAl
Config, Al S tart, Al Clear, Al Read and Al Acquikaveform are compile into a complete collectiongadures.
Among them, Al Config configurates the parametdrintegrated circuit board; Al Start starts the graeters of
configuration integrated circuit board which has tache; Al Read reads data from the buffer; AbCknds data
collecting and releases the related internal ressurThe figure 5 shows the setup of VI for reatizhigh-speed
data acquisition in program. The buffer size cdettbe memory size taked up by Al Config which usedollect
data. Setting of Interchannel delay, the defaultizzas -1. When select the default value, the sgstanns as the
highest scanning rate of the acquisition card (lyswafew microseconds) and adds ten microsecohds the
system consumpts to set up the Interchannel dil@ésy.about twelve microseconds for the DAQCard-&08sers
can also set up the value by themselves, experamsgmbw that the DAQCard-6062E can be set to 2 to 3
microseconds at least.
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Fig.5 The setup of VI for realizing high-speed data acquisition in program

THE DEVELOPMENT OF SYSTEM PROGRAM
The system is on the basis of every parameter nedjaicquisation and actuators required controhduritelligent
bending experiment to program. System design isl@ivinto several aspects as below:
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(1) to determine which signals will be acquisitidnethe acquisition module and which known condiiavill be

inputed by control panel;
(2)to output the required parameters of the nextiuteand determine the target value according éocttimpleted

recognition and operation module of MATLAB;
(3)to regard the outputs of completed predictiod aperation module of MATLAB as the outgoing sigoélthe

next actuator;
(4)to determine the control module and the cordlgéct.

System flow chart is shown in figure 6.
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Fig.7 Main frame chart of bending intellectualization data acquisition and control system

The role of the neural network identification modéthis system is to identify the material perfamae parameters
and working parameters in real time using the easyitored physical quantities. During V-shape foeading of
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wide sheet , the easy monitored physical quantitiesbending strokeh and bending forceP , at the same time,
the parameters such as sheet thicknesgpunch radiusl, , radius of diely; and die spanld will influence
bending process, so, to redard the above paramagetle input variables of network. However, toaregthe
material performance parameters which are waitedgrtion as the output variables of network. Thaterial
performance parameters which are waited recogniticlude elastic modulug= and Poisson's ratid/ during

plate elastic deformation, strength coefficieBtand hardening exponerl during plate plastic deformation, and
coefficient of normal anisotropy .

The output is optimum bending strokk, in prediction model. The influencing factors of iemam bending stroke
are sheet thicknedsand aim bending angl&, in addition ton, B, R, E and X obtained by real-time

recognition, so that the input parameters &eB,E, .t and @, . The figure 7 shows the main block diagram
of intelligent control system of sheet bending forgnwhich developed by LabVIEWSsoftware.

THE ANALY SIS OF OPERATION EFFECT
The experiment selects three kinds of materialsh @18 copper, aluminum and steel. Three materfatifferent
performance parameter have different bending speok value. Different bending angle also leadsedsdfit
springback value. Conducting bending control experit under the conditions of table 1, the datelt®swe shown
in the table 1. Th@ — H curve in figure 8 is the bend molding control cuofecopperplate at aim bending angel of
90°.

Table.1 Experiment result of threekinds of materials

Sheet Aim Predictional | Actual Control Absolute
Material Thicknes | Bending | Punch Travel Punch
o Error/mm
s/mm Angle/ /mm Travel/mm
Copper o
Plate 1 90 35 35.05 0.05
Copper o
Plate 1 120 26 26.07 0.07
Aluminum o
Plate 1 90 32 32.06 0.06
Aluminum .
Plate 1 120 24 24.04 0.04
Steel .
Plate 1 90 30 30.09 0.09
Steel o
Plate 1 120 23 23.06 0.06

Fig.8 Control panel of bending intellectualization data acquisition and control system
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From the above results, we can reach that thersliggd error between predictional punch travel antual control
punch travel. This is because when the controladigras given and the actuators have lag, but thaltieg error
within the scope of the required accuracy.

This paper adopts FFT test technique to test sypformance. During the test, the system emplotegnal clock
to acquisition, the sampling rate is 140MSPS, tipui signal is 8.57MHz sine wave, the counted &cBINR is
about 57.66dB by Matlab software, the significaigitd of the DAQCard-6062E for sine signal sampliog
8.75MHz is 11.5, the harmonic distortion (THD)-i§2.16, the spurious free dynamic range (SFDR) id &B.
This system has a number of excellences such assfistem performance, flexible software controlitgbiand
strong anti-jamming ability. The system can welllize high-speed data acquisition and satisfy theed and
accuracy requirement of the identification and préah of neural network model.

CONCLUSION

The signal acquisition and controlling system idlwsatisfied intelligent sheet bending requiremasing virtual
instrument technique based on LabVIEW as the systentrolling software and using the system hardware
composed of the portable computer, 6062E portala dcquisition card, four-slot chassis for sigr@iditioning,
eight-channel module for strain-gauge and eighttnehmodule. This system has a number of excelfroeh as
fast signal collecting, advanced operating tablighdr signal-processing ability, high-assembly,efisystem
performance, flexible software control ability, asilong anti-jamming ability, in which the one-chahmaxinum
acquisition rate of acquisition card can reach BO@amples/s, the actual SNR is about 57.66dB, igmfisant
digits of the DAQCard-6062E for sine signal sampliof 8.75MHz is 11.5, the harmonic distortion (THB)}—
52.16, the spurious free dynamic range (SFDR) i4¢&B. The system can well realize high-speed dedaisition
and satisfy the speed and accuracy requiremeheatientification and prediction of neural netwankdel.
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