Memaanogus. noseitwue mexwnon. /| Metallofiz. Noveishie Tekhnol. © 2016 UM® (MHCTUTYT MeTALTODUITKY
2016, T. 38, Ne 12, cc. 1669-1680/DOI: 10.15407/mfint.38.12.1669 um. I'. B. Kypaomosa HAH Ykpaunsr)
OTTHCKHU ZOCTYIHBI HEIIOCPEACTBEHHO OT MBAATENS

DOTOKONMPOBAHNE PABPEIIEHO TOIBKO Hamneuarano B Ykpause.
B COOTBETCTBUH C JINIEH3HUEN

PACSnumbers:07.07.Tw, 07.10.Pz,07.35.+k, 52.80.Wq, 62.50.-p, 62.50.Ef, 81.20.Hy, 81.40.Vw

Concept of Smart Electrohydraulic Press for Impulse Sheet
Forming

M. K. Knyazyev and Ch. Beerwald”

National Aerospace University ‘K harkiv Aviation Institute’,
Department of Aircraft Engine Technology,
17 Chkalov Str.,
61070 Kharkiv, Ukraine,
“Poynting GmbH,
65 Alte Str.,
44143 Dortmund, Germany

Electrohydraulic impulse sheet forming (EHF) method proved its high effi-
ciency at pilot, small-batch, and middle-scale production conditions. As the
latest achievement, multielectrode discharge blocks provide effective form-
ing of the middle and large size sheet parts. However, wide application of
EHF technology in industry is limited mainly by two problems: instability of
impulse pressure fields and lack of literature as well as skilled EHF special-
ists. Now the problem of instability is solved by a qualified EHF specialist
with intermediate disclosing of tooling, inspection of intermediate shapes of
blank, making corrections in loading diagram (electrodes’ connections), and
setting of new level of discharge energies. New approach to this problem in-
cludes solutions based on intellectual computer numerical control of EHF
equipment: monitoring of intermediate shape of sheet blank after each dis-
charge and making corrections of loading parameters for the next discharge
till the final shape of part. Intermediate shape can be determined by meas-
urements with special sensors built in a die in characteristic places (points).
Another subsystem should analyse position of several principal segments of
blank, compare them with total strategy of forming procedure for a definite
type of sheet part, reveal those places, which need higher pressure to harmo-
nise forming process, and give this information to the subsystem controlling
a multicircuit current generator for optimised configuration of activated
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electrodes and energy level, thus, determining new pressure loading diagram
for the next discharge. Now, the tests for blank shape measuring system are
planned to solve this principal problem for realisation of the submitted con-
cept. In addition, principal design solutions for multicircuit current genera-
tor with special unit for reconnections of electrodes are in work.

Key words: press, computer numerical control, electrohydraulic impulse
forming.

Cmocib esleKTpOTiApaBIivHOrO iMIyJaIbCHOTO JuUCTOBOTO ImTamiyBanHa (ETIIT)
IOBiB BUCOKY e(heKTUBHICTh B YMOBaxX IPOOHOTO, APiOHOCEPiiHOTO i cepeaHbO-
cepiiimoro BupoouuIiiTBa. HoBiTHe mocArueHHs, — GaraToejleKTPOIHI PO3PAm-
Hi 0J10KU, — 3abesneuye eeKTHUBHE IIITAMIIYBAaHHS JUCTOBUX JIETAJiB cepes-
HiX i Benrmkux posmipiB. OgHaK IUPOKe 3acTtocyBamHsa Texmosorii ETTII y
IIPOMUCJIOBOCTi 0OME)KYETHCA B OCHOBHOMY JABOMA mpobjaeMaMu: HecTabigbHiC-
TIO IMOYJBbCHUX IIOJIiB THUCKY i HemocTauelo JiTepaTypu Ta KBajihiKoBaHUX
cuerisurictiB y ramysi ET'II. ¥V renepimuiii yac mpobiaema HecTabilbHOCTU
poa3B’a3yeTbca KBadiikoBanum cremnismicrom EIN 1misxoM po3KpUTTA
OCHAIIeHHS, OTJISAA0M IPOMiKHUX ()OPM 3aTOTOBAHKM, BHECEHHAM KOPEKIIill y
cXeMy HaBaHTaKEHHA (CXeMU IIiAKJIIOUEHHSA eJEeKTPOoJ) i BCTAaHOBJIEHHAM HO-
BUX DPiBHIB eHeprii pospAzxis. HoBuit miaxin mo poss’aszanHda Iiel mpobieMu
mepenbauae pimieHHA, IKi I'PYHTYIOThCSA Ha BUKOPHCTAHHI iHTeIeKTyasbHOL
KOMII IOT€PHOI YMCJI0BO1 cucTeMu KepyBaHHA obmagHanuam EI'I: BuaBienuna
OpoMiKHOI (OPMHU JIMCTOBOI 3aTOTOBAHKH IIiCJISA KOMKHOTO PO3PANY i BHECeHHS
KODPEeKIIill y mapaMeTpu HaBaHTAMKEHHSA MJIs KOMKHOT'O HACTYITHOTO PO3PANY 0
olep:KaHHA KiHmeBoi dopmu gerasnio. IIpomiskHy hopMy MOKHA BU3HAUYUTHU
IIJISIXOM MipAHHA CHEiATBHUMHY JaBadyaMu, AKUX BOYZOBAHO B IIITAMII Y XapaK-
TepHUX Miciax (Toukax). [[pyra mimcucreMa Mae aHAIi3yBaTH MOJOMKEHHSA AeKi-
JBbKOX IIPUHIINTIIOBUX JiJSTHOK 3arOTOBaHKM, ITIOPiBHIOBATH X i3 3araibHOIO CTpa-
Teri€lo IPOIlecy IITaMIyYBAHHSA AJIA IIEBHOIO TUNY HETAJiB, BUSBIATH Ti JiJISH-
KU, IKi IoTpebyIoTh OibIll BUCOKUI THUCK IJIA TapMOHisalrii mpoiiecy (popMoyT-
BOPEHHs, 1 HaJgaBaTH 1[0 iH(popMaIliio B mifcucTeMu, AKi KePYOTh 0araTOKOHTY-
PHUM I'eHepaTOPOM CTPYMiB AJIsI YTBOPEHHA ONITUMi30BaHOI KOHMIr'yparii migk-
JIIOUEHUX eJIEKTPOJ i piBHA eHeprii, TaAKUM YMHOM, BU3HAUAIOUN HOBY CXeMy Ha-
BaHTAaXKEeHHA JJIA HACTYITHOTO PO3PAAY. ¥ TeIepilrHiil yac 3arjIaHOBaHO AOCTian
o cucreMi MipaHHA (GOPMHU 3arOTOBAHKM [JIs PO3B’sI3aHHSA Ifi€l IIPUHIIUIIOBOI
mpobieMy B peaJjisallii 3amrporoHoBaHoi KoHIemIrii. Takok omIparboByIOTHCA
MIPUHITUIIOBI KOHCTPYKTOPCHKI pillleHHs AJs 6araTOKOHTYPHOTO I'eHepaTopa iM-
yJIBCHUX CTPYMIiB 3i CIIEIliATbHUM IIPUCTPOEM [IJIA IEPEMUKAHHSA eJIeKTPOJ.

Karouori cioBa: mpec, 4mcjIoBe IporpaMHe KePYBaHHS, eJeKTPOTigpaBiiuHe
iMIyJbCHE IITaMIIyBaHHS.

Cmoco0 2JeKTPOruapaBaNdecKoil UMITYyJIbCHON JaucToBO# IrtamMmoBku (II'III)
IOKas3aJl BEICOKYIO 3(h(eKTUBHOCTD B YCJIOBUAX MMPOOHOTO, MEJIKOCEPUITHOTO U
cpenHecepuiiHOTO IIPOM3BOACTBa. HoBelilllee NOCTUIKEHWE, — MHOTO0JJIEK-
TPOAHLIE paspAgHbIe OJI0KU, — obecmeunBaeT 3(p(GeKTUBHYIO MITAMIIOBKY JIN-
CTOBBIX JeTaJjieli CpegHuX U 00JBIINX padmMepoB. OmHAKO IMIMPOKOE IIPUMeHe-
Hue TexHosoruu OI'IIl B IpOMEBIIILIEHHOCTY OTPaHUYMBAETCA B OCHOBHOM JIBY-
Ms IpobseMaMu: HeCTaOUJIbHOCTHIO MMITYJBCHBIX IIOJIeH HaBJIEHUS U HeIo-
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CTaTKOM JINTEPATYPHI 1 KBAIU(GUIIMPOBAHHBIX clieruaancToB B ooaactu AL,
B HacToslee BpeMs npobeMa HecTabMIbHOCTH pelliaeTcsa KBaauuIinpoBaH-
HbIM creruaaucToM O myTéM pacKpbITHUA OCHACTKH, OCMOTPOM IIPOMEKY-
TOYHBIX (DOPM 3arOTOBKM, BHECEHMEM KOPPEeKIIHil B cxeMy HarpysKeHus (cxe-
MBI TIOJICOEINHEHUS 9JIEKTPOLOB) U YCTAHOBJIEHNEM HOBBIX YPOBHEH sHePTUu
paspanoB. HoBbIl MOAXO0M K PEIIeHUI0 3TOH IIPO0JIEMbI IPEAyCMaTPHUBAET pe-
IIeHnsA, OCHOBAHHbIE HAa NPUMEHEHWM WHTEJJIEKTYaJbHOU KOMIIBIOTEPHOM
YHCJIOBOM CHCTeMBI ympasieHus obopymopanueMm OI'IIl: onpexmeneHue mpome-
JKYTOUYHO# (DOPMBI JIMCTOBOM 3aTOTOBKU IIOCJE KaKAOTO paspsAla WM BHECEHUe
KOPPEKIIUi B TapaMeTPhl HATPYKEHUA IJIA KaKI0T0 IOCJeVIOIIero paspana
IO TIOJYUYEeHUs OKOHUATeJbHOII (opmbl meranu. IIpomMeskyToumyio Gopmy
MOJKHO OIIPEEJIUTh IIyTEM U3MEPEHUA CHeINAJTbHBIMUA JAaTUYNKAMU, BCTPOEH-
HBIMH B IIITAMII B XapaKTePHBIX MecTax (Toukax). Bropas moacucreMa JOJIKHA
aHAJIU3VPOBATDH IIOJOMKEHNE HECKOJbKUX IIPUHIUINAJILHBIX YYaCTKOB 3aro-
TOBKU, CPABHUBATH UX C 0O0IEeH cTpaTerueil mpoiiecca MITAMIOBKY IJIA OIIpe-
IeJIEHHOTO TUIA JeTaJiell, BLIABIATE Te YUaCTKU, KOTOPbhIe HYKIaI0TCS B 60Jiee
BBICOKOM [IaBJCHUU IJIsI TapMOHU3AIINM Iporecca popMooOpasoBaHmus, U II0-
IaBaThb ATy MH(POPMAIIUIO B IIOCUCTEMBI, KOTOPbIE YIIPABJIAIOT MHOTOKOHTYD-
HBIM T€HEepaTopoOM TOKOB IJIS CO3JaHUS ONTHUMH3NPOBAHHON KOH(MUTYpAIIUU
MOAKJIIOUEHHBIX BJIEKTPOJOB U YPOBHSA SHEPTrUM, TAKUM 00pasoM, ompenessas
HOBYIO CXeMYy HarpysKeHUs [JId CJeyIOIero paspAzna. B HacrosIilee BpeMsa
3alJIAaHUPOBAHEBI OIBITHI II0 CHCTEME M3MepeHua (POPMbI 3aTOTOBKH AJIA pellie-
HUS 9TOV ONPUHIINTIHUAJILHON ITPO0JIeMbl B peaiusanuu npeajaraeMoil KOHIem-
muu. TaksKe mpopabaThIBAIOTCA NPUHIIMIIHAJIBHBIE KOHCTPYKTOPCKHUE pelle-
HUSA IJI MHOTOKOHTYPHOTO reHepaTopa UMITYJIbCHBIX TOKOB CO CHEIMAJIbHBIM
YCTPOHCTBOM JAJIS IEPEKJIIOUEHU S 3JIEKTPOJOB.

KaroueBsie cioBa: IIpecC, 4YMCJIOBO€ IIPOIrpaMMHO€E yIIpaBJIeHHEe, 3JIEKTPOInumn-
paB/In4YeCKad NMMITyJIbCHad IIITaMIIOBKA.

(Received May 5, 2016 )

1. INTRODUCTION

Variety of sheet metal parts in terms of geometry complexity and overall
dimensions, materials used, required quality parameters and production
rate accounts for wide range of sheet metal forming processes available
at the market. Among them, well-known and widely used methods like
roll forming or stamping as well as novel techniques like incremental
sheet forming (ISF), ford freeform fabrication technology (F3T), which
are developed to overcome the limitations of long-term used well-
known processes.

Focusing on complex 3D-shape structures, the most widely used
forming methods are stamping, hydroforming, rubber-pad forming
and superplastic forming. These conventional industrial sheet metal
forming processes have already reached high level of their maturity
and have clear application domains and limitations.
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For example, cold or hot stamping, being economically efficient pro-
cesses for large batch manufacturing, loose their advantages if the low
production volume or short-term order fulfilment are required. The
reasons are expensiveness of two-side tooling (i.e. punch and die set)
and long duration of tooling design, manufacturing and try-out.
Moreover, in case of complex parts, forming more than one two-side
tooling set is commonly required due to the forming process realisation
in several stages.

Hydroforming requires single rigid tool (die or punch), while anoth-
er one is fluid that forms metal into a die inside the pressurised cham-
ber. However, its wide application is limited due to complexity and ex-
pensiveness of the respective machinery. Hydroforming presses re-
quire thick-walled chambers able to withstand high static pressure of
up to 2000 bars with pressure-tight covers. High pressure is created by
complicated and energy intensive hydraulic system with pressure ampli-
fiers. In addition, this method is characterised by the uniform pressure
distribution along the workpiece surface that makes its application non-
efficient for complex 3D-shaped sheet parts with local elements.

Rubber-pad forming process having the same advantage of one-side
metal tooling uses elastic material (rubber or polyurethane) for shape
generation. This method is applicable for small- and middle-size sheet
parts under small- and middle-scale production, but its capabilities are
limited to shallow 3D shapes. Another drawback of rubber-pad form-
ing is an increased springback of the formed parts caused by the rela-
tively low pressure to the part and decreased pressure in local elements
due to high viscosity of rubber. Manufacturing of middle and large-
size sheet parts has low efficiency due to the necessity of large hydrau-
lic presses with high energy consumption.

Another alternative method for 3D-shapes’ manufacturing is a su-
perplastic forming by an inert gas (typically argon) under the high
temperature (500—-600°C). This process allows obtaining of super elon-
gations of sheet metal (up to 600—-1000% ), but it is characterised by
extremely high energy consumption and is applicable for limited range
of materials. Only ultrafine grain structures (1-2 um) has superplastic
capability, thus sheet materials have to be preliminary treated which
significantly increases process cost-efficiency. One more limitation is
caused by the uniform pressure field resulting in excessive thinning in
local 3D elements that reduces total part strength.

In comparison with the above-reviewed forming methods, the elec-
trohydraulic impulse sheet forming (EHF) method has advantages of
one-side die, improved formability and small springback due to high
speed of deformations, low material intensiveness of equipment, low
electric energy consumption per an item produced.

EHF method proved its high efficiency at pilot, small-batch and
middle-scale production conditions. The latest achievement—
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multielectrode discharge blocks—provide effective forming of middle
and large size sheet parts due to improved controllability of pressure
fields generated by large number of electrodes [1-3]. However, wide
application of EHF technology in industry is limited mainly by two
problems: instability of impulse pressure fields and lack of specialised
literature and skilled EHF specialists.

Instability is realized in two aspects: instability of pressure distri-
bution along sheet blank surface and low repeatability of pressure field
from one discharge to another. Long-term experience in EHF presses
usage allowed to reveal and analyse factors that cause instability of
sheet parts forming: instability of discharge electric parameters initi-
ated by high-voltage breakdown in a liquid, position instability of dis-
charge channel in a spark gap, shadow effects of electrodes, wear of
current rods and insulators of electrodes, changes in a sheet blank
shape during forming process, increases of work volume and distance
between spark gap and sheet blank with a blank shape progress, etc.

Now, the EHF problems are solved by a qualified EHF specialist with
intermediate disclosing of tooling, inspection of intermediate shapes
of blank, making corrections in loading diagram (electrodes connec-
tions) and setting of new level of discharged energies (by changing a
charged voltage and capacitance). Thus, pressure field and energy for
the next discharges are determined on the basis of experience and skill
of EHF specialist.

The purpose of this work is to develop new principal concept of EHF
press based on previous publications [4, 5] on intellectual control sys-
tem to overcome current limitations of EHF method for wide industri-
al application.

2. UP-TO-DATE REALISATION OF MULTIELECTRODE EHF
TECHNOLOGY

An idea of multielectrode discharge block (MEDB) application for elec-
trohydraulic forming was generated and patented by Prof. Yuri Cheba-
nov in 1983 in the National Aerospace University ‘KhAI’. Unlike tradi-
tionally used single electrode pair in a dome-shaped discharge chamber,
MEDB includes great number of closely positioned insulated electrodes
fixed in one solid plate. Another plate (called ‘discharge plate’) with
holes serves as common opposite-charged electrode for all insulated elec-
trodes. At the same time, holes serve as guiding nozzles for pressure im-
pulses (shockwaves), because each electrode is surrounded by the wall
of hole in discharge plate with opening directed to a sheet workpiece.
This small discharge volume for each electrode forms pressure impulse
directed to sheet workpiece and the wall protects insulated electrode
from action of other pressure impulses. Each electrode in this case has
to be served with individual high-voltage capacitors (discharge cir-
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Fig. 1. General view of MEDB of UEHF-2 experimental installation and repre-
sentative scheme of possible electrode pairs arrangement [6] (positions
marked with ‘4’ symbol are active on the MEDB photo).

cuit).

It was a revolutionary solution for improvement of EHF capabilities
by means of efficient control of generated impulse pressure field. This
efficient control is realised by means of activation of not all electrodes
available in MEDB, but only several of them. Simultaneous discharges
of optimally selected electrodes enable generation of non-uniform im-
pulse pressure field of optimal configuration that corresponds to the
specific geometry of the part to be produced. It means that impulse
pressure is concentrated in those areas of workpiece where maximum
deformation is required. Moreover, non-linear effects of several
shockwaves interaction significantly amplify pressure field intensity
and overall MEDB-based forming process efficiency.

MEDB concept feasibility was validated in the ‘KhAI’ Laboratory of
Electrohydraulic Forming. Demonstrated in the Figure 1 proof-of-
concept prototype UEHF-2 provides a possibility to use up to 22 active
electrodes that could be placed in 52 different positions. Maximum
number of active electrodes is defined by the number of discharge cir-
cuits of multicircuit pulse current generator available for connections.

During UEHF-2 prototype application, an optimal arrangement of
active electrodes either is determined experimentally or is based on the
previous experience accumulated, while electrodes positioning and
connection/activation are realised manually. Even at this low technol-
ogy readiness level, great potential of MEDB application was demon-
strated by successful production of complex 3D-sheet parts of middle
and large size made of different materials that are shown in the Fig. 2.

Experience in application of EHF presses based on MEDB design re-
vealed two problems that prevent wide usage of EHF technology in in-
dustry: instability of impulse pressure fields and lack of specialised
literature and skilled EHF specialists.
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c

Fig. 2. Examples of complex sheet metal parts produced in UEHF-2 installa-
tion: torus-type semi-product made of 08kp steel (thickness 1.5 mm) in the die
made of the same steel [2] (a); box-type semi-product made of AMg6 high-
strength aluminium alloy (thickness — 2.0 mm) produced in the die presented
in Fig. 1 [6] (b); ‘pan’ semi-product made of 12Cr18Nil0Ti stainless steel
(thickness 0.8 mm) produced in Al-Zn die [7] (¢).

Instability is realised in two aspects: instability of pressure distri-
bution along sheet blank surface and low repeatability of pressure field
from one discharge to another. Long-term experience in MEDB design
usage allowed to reveal and analyse factors that cause instability of
sheet parts forming: instability of discharge electric parameters initi-
ated by high-voltage breakdown in a liquid, position instability of dis-
charge channel in a spark volume between two opposite electrodes,
shadow effects of electrodes, wear of current rods and insulators of
electrodes, changes in a sheet blank shape during forming process, in-
creases of work volume and distance between spark gap and sheet blank
with a blank shape progress, etc. All these factors result in unstable
formed shapes though configuration of activated electrodes is optimal.

Now, this problem is solved by high-skilled EHF specialist. He makes
periodical inspections of semi-formed sheet part after one or several dis-
charges in order to estimate rightness of forming process and to do cor-
rections in activated electrodes configuration and discharge energy level
for each activated electrode for the next forming step. In order to perform
inspections, EHF press operator should pour out ware from discharge
block, unclamp die, and move it to auxiliary position, i.e., each time for
inspection the disclosing of die is needed. Of course, these actions do take
long periods of time that significantly reduce EHF efficiency.

After inspections, the solutions for the next discharges are made on
basis of accumulated experience in MEDB application for manufacture
of complicated 3D shapes during several years. In addition, these solu-
tions are made at each of three stages of forming process: generation of
general shape, forming of smaller local elements and calibration. Un-
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fortunately, this experience is not formalised and not described in spe-
cialised literature in sufficient volume yet.

Therefore, further implementation of novel EHF MEDB equipment
and processes should include solutions of these problems by modern
means with application computer-based technologies [8].

Demonstrated efficiency of MEDB-based EHF process in combination
with extensive capabilities of advanced simulation methods, sensing
techniques and control systems create a positive ground for renewal of
EHF process industrial application. Being developed at the new level,
the EHF process will be able to cope with current trends in mechanical
products design and stricter economic and ecological requirements.

3. CONCEPT OF SMART MULTIELECTRODE EHF PRESS

The purpose of new concept is to overcome current technical state-of-
the-art of EHF processes in terms of process automation and reliability
in parallel with achievement of high level of material and energy effi-
ciency for customised and small batch production of complex 3D sheet
metal parts. To reach these ambition targets, the overall concept con-
sists in the synergy of three innovative approaches:

— application of adaptive MEDB system instead of one pair of elec-
trodes; system adaptivity will ensure activation of optimal set of elec-
trodes that are pre-selected by the control system to generate optimal
multielectrode discharge and create shape-generating pressure field
that fits to the part geometry; it will increase EHF process efficiency
and reduce energy consumptions; innovative architecture of adaptive
MEDB system will make possible to realise sheet metal part forming
process in automated mode;

— integration of sensing capabilities into the one-side die to create an
innovative sensing die and realise continuous in-process monitoring of
workpiece shape, thus contributing to EHF process reliability and sup-
porting real-time process control and optimisation by the intellectual
control system;

— automation and real-time optimisation of sheet metal part forming
by smart control system to ensure EHF process efficiency, high quality
of sheet metal parts and minimum use of energy; control system opera-
tion will be based on application of advanced simulation models and
optimisation algorithm to define optimal multielectrode discharge to
be realised by adaptive MEDB system [9].

The listed principal solutions are depicted in a graphic form in the
Fig. 3. It is obvious that principal element of the proposed solution is a
sensing die, i.e., die equipped with sensors indicating positions of vari-
ous segments of a formed sheet blank. Coordinates of the sensors (x;, y;,
z;) along the die cavity will give data for plotting 3D models for inter-
mediate shapes after each multielectrode discharge and indicate com-
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Fig. 3. General diagram of smart EHF press.

pleteness of final shape formed (Fig. 3, signal processing module). This
is so-called feedback system giving information about actual shape of a
formed blank without opening of tooling and so making possible to do
reconnections in MEDB for activation of those electrodes needed for
improved pressure field at the next discharge. Correctness of 3D mod-
els depends on coordinates and quantity of sensors. The latter can be
estimated as 5 for simpler shapes and 30 and more for complicated
shapes with big number of small local elements characterised by small
radii. It should be noticed here that accuracy of detection of intermedi-
ate shapes at the first general forming stage will not be so high, be-
cause of small-area contact of sheet blank and die surface, but it is
enough to plot 3D model and do prediction for the discharge. Accuracy
of 3D models at the second (local forming) and the third (calibration)
stages will be high due to definite position of most blank elements con-
tacting with the die surface having exact geometric configuration. Us-
ing Human Machine Interface (HMI, Fig. 3), a press operator can ob-
serve progress of blank shapes from one discharge to another and check
correctness of forming procedure without opening of tooling, in com-
parison with present situation, when forming process should be
stopped, tooling should be opened in order to inspect intermediate or
final shape of blank.

Decisions on improvements in pressure field for the next discharge
are made in automatic mode by multielectrode discharge optimisation
module (Fig. 3) by generating commands for setting new configuration
of activated (connected) electrodes and new levels of charged voltage
and capacitance for each electrode connected to multicircuit high-
voltage (HV) pulse generator, thus determining a new level of energy
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discharged over a definite segment of sheet blank. The decisions are
made in such a manner to keep general forming strategy for a definite
type of shape (dome round, box, semi-torus, steeply curved half-pipe,
fairing, etc.) taking into account positions and dimensions of local ele-
ments. Therefore, the optimisation module should include database of
forming strategies for representative parts as well as for unusual in-
tricate shapes (Fig. 4). Optimisation module can include different pa-
rameters for optimisation: realisation of deep-drawing procedure,
stress distribution to avoid wrinkling, sheet thickness distribution to
ensure the same strength parameter, improvements of accuracy and
springback, etc.

Configurations of activated electrodes and levels of energy elec-

Input data (computer interface program 0):
3D model of sheet part

3D model of die

Sensors coordinates (xi, v, z/) in sensing die

Computer program 1:
Determination of optimised die position rela-
tive to MEDB electrodes (to be done at de-
signing of die)

Calculations of die coordinates (dxy, Ay, Az:.
Ae) in MEDB system of coordinates

l | I
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Sensing die:
generates signals from up to 30 sensors about
sheet blank contact with die cavity surface

disconnections and connections
of electrodes

- To charge unit: command to charge till

voltage Vj

- To discharge switch: command to work
- And so on till the moment, when final

shape detected by feedback system

Fig. 4. Architecture of smart control system.
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trodes’ levels for the first discharge are initially determined from the
general forming strategy for a representative part. The next discharg-
es parameters are based on comparison of forming strategy steps (as-
signed intermediate shapes) and actual intermediate shapes. After the
forming of first part of definite geometry and material, its forming
procedure can be considered and remembered as a new optimised form-
ing strategy for this definite part. Further improvements in the strat-
egy are determined by wear of electrodes, variations in sheet material
properties and thickness, deviations of initial blank configuration and
its initial position relative to the die cavity, etc.

Development of forming strategies for database (Fig. 4) is based on
experience accumulated during long years of experimental EHF of 3D
shapes of representative types of parts and described in publications
and scientific reports. In addition, computer simulations of multielec-
trode EHF processes for typical and unusual shapes will be useful for
compiling the forming strategies for materials with different physical
and mechanical properties.

Output commands of smart control system are realised by adaptive
MEDB system before each multielectrode discharge. The control sys-
tem should also generate control commands for usual functions of EHF
press (not shown in Fig. 4): motions of die to work position and back,
filling of MEDB with water and pouring it out, air evacuation, etc.

4. CONCLUSIONS

Suggested concept of smart electrohydraulic press is presented in short
description with principal solutions for three constituent components:
sensing die, adaptive MEDB system and smart control system.

Practical realisation of this concept needs performance of large vol-
ume of design, manufacturing and investigation works.

Realisation of this concept will allow solving the problems of insta-
bility of impulse pressure fields, lack of specialised literature and
skilled EHF specialists as the conditions for wide industrial implemen-
tation of EHF technology that finally will bring big economical effect.
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