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* Scope and objective: Intelligent and sustainable stamping
processes using hybrid control strategies. |-Stamp will develop new
hybrid control systemes, i.e. initially they are run using meta-models,
reduced form FEM simulations, and later calibrated with real
industrial data.

* Funding: Smart Eureka Advanced Manufacturing / Vinnova
* Total budget 1136 k€ (Sweden 5,9 MSEK)
* Project duration 2022-01-01 - 2024-06-30
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Partners
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Measuring press deflections
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Comparison of spotting between physical part and
corresponding numerical evaluation
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I-Stamp project approach
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Hybrid
Controller

New machine
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I-Stamp tool
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Tillverkare Micro-Fpsilon Micro-FEpsilon Banner Engineering Banner Engineering Omron
Modell optoNCDT 1320-100 optoNCDT 1420-200 LM250 LE150 ZX1-LD300
Mitomrade 100 200 300 100 300
Start 50 €0 100 50 150
Focus 100 160 250 100 300
End 150 260 400 150 450
Output 1 4-20 mA 4-20 mA 4-20 mA 4-20 mA 4-20 mA
Output 2 - 0-5V - - g
100-250 mm: 0,02 mm
dsni - ,004 X
Uppldsning 250-400mm: 0,2 mm 0,004 mm 0,03 mm
100-250 mm: 0,05 mm
Repeterbarhet 0,01 mm 0,008 mm 250-400 mm: 0,3 mm 0,002 mm -
100-250mm: 0,4 mm
iniarit B ¥ 0,1% F 5 0 F 7 ’ ,2% F
Linjaritet (+/-) 0,1 mm (0,1% FS) 0,16 mm (0,08% FS) 250800 m= 03 sie 0,07 mm 0,6 mm (0,2% FS)
Méthas!ighet ims ims 1ms 0,25-4 ms 1- 100 ms
Ljuspunkt (start) 1,1x0,75mm 1,1 x0,75 mm 3,2x2,2mm 212x0,68 mm -
Ljuspunkt (center) 1,1x0,75 mm 1,1 x0,75mm 2,1 x1,5mm 144 x 049 mm @052 mm
Ljusounkt (end) 1,1x 0,75 mm 1,1 x0,75 mm 1,2 x0,9 mm 0,77x0,31 mm -
Matningsspanning 11-30VDC 11 - 30 VDC 12 -30 VDC 10-30VDC 10-30VDC
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Displacement sensor LWH-300 ¢
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Actuator — active shims

AQ0+-0,5 mm

At this position the
actuator is adjustable

Material flow direction
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Tool set-up in the laboratory
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Tool set-up in the laboratory
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The process of developing an intelligent
control system
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where Nis the number of dasign
parameters taken K at a time. For instance,
the case of N=5 and K=3,N. s equalto 10
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ISTAMP ANN-based application
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ata transition between MATLAB & PLC
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function y = LRSM@1(DP1,DP2) ¢
* File: TEST.exp
%% '1 = linear’ - Constant and linear terms (the default) - 15C 611313 Structured Text (5T) cod it bevaton "TEST/HATLAS Funct
- ] * -3 Structured Text (ST) code generated for subsystem "TEST/MATLAB Function”
A =[-5.1132 8.1803 9.8434 8 @ 0]; . . .
™
%% '2 = interaction’ - Constant, linear, and interaction terms N ;:ﬂ:e} name : 1533 SImU|Ink PLC COdeI’
R * Model version 1.
% A =[-6.1151 -11.5619 8.8470 6.8488 @ 8]; « todel sremton § minmo .
%% '3 = quadratic’ - Constant, linear, interaction, and squared terms N ”0381 %ast mjﬁ%eg by : I‘a:limm Generates hardware'lndependent IEC61131-3
o on ot - 0o i en 4 = P I * Model last modified on : ved May 10 11:16:17 2823 » .
% A =[-247.3913 -38.7169 1.786@ ©.1382 -9.5786 -©.6631]; * odel sample time e ”1  Structured Text and Ladder Diagrams from
%% '4 = purequadratic’ - Constant, linear, and squared terms ® Subsystem nams : TEST/MATLAB Function . | k@ d | ﬂ ® h d
v r S - . I * Subsystem sample time : @.2s
% A -[391.8743 8.1245 -2.7804 @ -8.8852 8.0050]; “ Simulink PLC Coder version : 3.4 (R2021a) 14-Now-2020 SlmU In moaels, State ow ¢ artS, an
%% RSM equation * ST code generated on : Thu May 11 @9:@1:53 20823 MATLAB® functions
y = A(1) + A(2)*DP1 + A(3)*DP2 + A(4)*DPL*DP2Z + A(5)*DP1~2 + A(6)*DP2"2; * Target IDE selection : 35 CoDeSys 2.3
and = Test Bench included : Mo \ j
FUP:ICTION_BLG(K MATLAB®
VAR _INPUT
DP1: LREAL;
DP2: LREAL;
END_VAR
[VAR_OUTPUT
y: LREAL;
10 Vi html plesre
(* Outport: '<Root>/y' incorporates:
® MATLAB Function: '<Root>/MATLAB Function® *) n <t .
(* "1 = linear' — Constant and linear terms (the default) *) _| TES-TE{F N 5-|F|r_|
(® MATLAB Function 'MATLAB Function’: "<51»:1' *)
(* '<51»:1:4' A =[-5.1182 2.18@3 2.0434 @ @ @]; *)
(=2 nteraction' — Constant, linear, and interaction terms *)
»l(* A L1151 -11.5619 @.947@ ©.84088 @ 2]; *)
g (& uadratic’ — Constant, linear, interaction, and squared terms #)
(= A -247.3913 -38.716% 1.78@0 @.1382 -8.5706 -0.0831]; *)
(* '4 = purequadratic’ — Constant, linear, and squared terms *)
(* A =[391.8743 0.1245 -2.7804 @ -0.0852 8.0058]; *)
(* RSM equation *)
(* '<51>:1:12' y = A(1) + A(2)*DP1 + A(3)*DP2 + A(4)*DP1*DP2 + A(5)*DP1~2 + A{6)*DP2°2; *)
THE SWEDISH y 1= ((.1803 * DP1) + -5.1182) + (0.8434 * DP2);
END_FUNCTION_BLOCK
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Further implementations \—'\/
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* Establish seamless interaction between ISTAMP Application with the existing Control System
* Control av Input & Output
* PLC Source code
* Implementation of Correction

* Increase the quantity of data points based on SFEA to improve Predictor and Corrector replies.
* Validation, validation and validation
* Publication

* Develop hybrid control systems, i.e. calibrate control systems with real industrial data
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