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In this priority programme funded by ¢tme eDF IgevSc f
property control of forming processes -apetresétadched and novel
forming will be designed and validated.

Due to the current developments in producti

cesses is to be regarded as an emerging Sel

the opportunity for forming technology to de

control engineering methods and to devise th

in the system design. This collaboration is

design of resilardtpr-apretrmegltirauc tfuaremi ng pr oc g

PROBLEM STATEMENT

Production technology is currently being tra
cybpehysical production systems (CPPS), whose
of information and planning systems with production facilities
ry of the future, CPPS should enable robust ®RidfhndPrhMagskmse Bia

. . Coordinator.  of the
These current requirements affect the entire manufacturing tec

thinking in terms of the design of forming processes. Componer
a long service |ife often need to be manufactured using f olrmi
hi glerf ormance components form the basis of technical innovat.i
technol ogy. Formed sheet metal components combine | ightweight
lability in vehicle construction.
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In March 2018, the DFG decided to -sehtwupl laedgpr
processes" to research this topic. Currently,
arch centers are working on this topic in eidg
under <consideration extends from various rol/l
and epen bending.

This brochure gives you an overview of the in

mation and an overview of scienti8c publicati
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Feedback Control of -Sukl‘aﬂﬂﬂ'rﬂl_l[;lﬂrt
Sermini shed Product-soBgbed: ol ne
Measurements of the Strip oui i ave

PROJECT Irt Regehngteck
This research project aims to develacps aopil o T A 3yst
based on -meaghtnements of the outgoing strip |bF'ng e s
printed dpadangr slkliinng signi8cantly inSuences i mportant propert
S§ni shed products such as paintabil-pagsorottribgl pgbcabspropert:i
is controlled by specifying a rolling force. The | atter is ca
describe the surface imprinting of -mmcbelteuayep(i?%qf_r[ﬂ } DFP[( }ABEF
complex multiscale simuIatitmniwmside'rhgedAdd'bpg]e_lnﬁi be}G odoi|_1
tion model identifying the roll wear is calcul ated runtlme
Model predictive control Process Contact details:
Correction |[Cold Rolling|[ Mill Stand]i  S0»Z0,Z1 Surface .
d Machine Ra RPe|:|Ra, RPc Christopher Schult

c.schult-a@chéenr déeh

= |1 Soft- ZO*Z ! I nstitute of Aut or
- ﬁ d Geome —>
Deflect on As sSenso - —> hl
ey =Of tly RWTH Aachen Uni ver

Force F

states i — I
R;ferg;ce f? f Position-based buffer, |
a, /e, m model identification |~ | L Xinyang Li, M. Sc.,
Xinyang. |laia@ihbefn..rdwnet h
RESULTS SO FAR Institute of Metal
Based on the r eaxculltes sa fmutidagailmutl,itdaad & émew as propWTHdAaChden Unilver
i mpl emented into an MPC for roughness control. To identify/|and
a ddtaven correction model utilizing the online measured rougtl
signed and coupimodewi thnt temméethati on with the roll stand and
model , which estimate the roll gap of the rolling process, |[the
ting the surface topography by wvarying the strip tension whi/l
thickness. The derived models were tested in an exemplary set
Further more, the malmi pmelhat iromu gbdh ebbabseebdg tcaoi npha e |l er was
validated for a copper strip of 1.5 mm thickness.
é 3 7 1 g?’ - - Reference
§ R 4 Qg —— Measurement
n 4 wn
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£ 3G worn rolls o
e 2 —correction model| £
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= new rolls =
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specific rolling force [kKNmm™!] Strip length [m]
FUTURE TARGETS
I'n future wsecé&l edlBHemdnmtl t model wi || be extended with a more rea
§le such that additional roughness metrics (e.g. peak count RF
mor e, property model s wildl be derivedis t budetsicon ®dle the relatio
properties and its surface topography. Subse mo d
i i i i Deutsch i
zation probler_n whose solution is the opti mal DF Ffruscshcuﬁgsgememschaﬂ jlect
trol . To obtain a robust process control, th ~opol
mod el uncertainties stemming from e.g. measurement errors.
GEPRI'S 402694



Controlled Flow Spinning Eﬂﬂ'rﬂllﬂﬂdr
for Production of Workpie ol a
Hardening

PROJECT A
The project aims to control the resulting

For this purpose, measurement system for

. IETUEI.[E FERTI%UNGSTECHNIK
magnetic propertles ofcotnheacWoreldmlyaomeusmlﬁeynsg{sntm

vari ed frequencies—orltdnret@dlremgre&it|amdprncnmert|g_s arat e

can s e
netic permeability changes due to the micros=.|u|r EEE#%%UNddgebsy

L]
and the anisotropy of the magnetic propertie!,l'l:I
both quantities by a soft sensor enables the targeted control

realize a de8Sned strain hardening.
Input /Coldforming Final state
Technological | -_\ \
parameters ( Fr ) ¢ : V
b, Workpiece with defined
Online control —u,T—s strain hardening
v,e|i’Comparison of @serand (pm,a:‘: ‘pseli Criterion for % _ \: )
j —————— E“_—_—E\ strainhardeningb"p; Prof-ln®r . B. Awi szu
’ ’ Prof-ln®r.S. Harltel
RESULTS SO FAR Prof-ln@®r.O. Kanoun
The devel oped spectsreanls oerd dsyy sctuernt eanltl omwsl taa measur ement of magne
meability and anisotropy independent on distgﬂeﬁa%tnaﬂﬁtegila%:d t
ges of distance was observed as very accuratpr @afnd g rdegejvie | pwiesdz
orientation inSuence on the anisotropy measupgiermant a@idsBzeutsn@n .1 tOW
The experimental results show that the magnettrofamsis®otsthd py Viis t
and that the magnetic permeability is affectedohyEhgtheeesndua
therefore deduced, that the combined analysiSanﬁ/emagngtbt Pech
ry for the separation of plastic strain and rot?hseirc%u str?ﬂs
eddy cur frsemtsomulstyistem all ows an analysis of t

e al
er t Ia: ee@ttzu de

rob
di fferent depths of the sheet or tube workpiece.

—#— APermeability —=— Anisotropy —&— APermeability —#— Anisotropy

8 015 80 015 Prof . Sebastian Ha

Magnetic field sensors

> >
> g £
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A . o TN éao s 3| Fe 1 o0s § Seba.stlan-thadet'el@b
N0 e T o0 § 1 £ 20 000 g Chair of Hybrid Ma
- 3 0 005 £ || % 0 005 § .
| Magnetic anisotropy ‘ 08 2 ey B o 20 100 150 I n g ) Br an d en b ur g U
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Technol ogy
—e— APermeability —#— Anisotropy @ - APermeability «#— Anisotropy
15 015 o 40 015
%10 010 £ || 30 o0 £
Eddy current sensor g 005 z g 20 005 & Prof . Ol f a Kanoun
; £ 000 £ || £10 000 2 -
! moo e oa'o'osé noo — 400'°-°5'§ ol fa.kanoumedaniittz tde
| Magnetic permeability ‘ Plastic strain Equivalent stress in MPa P r 0 f e S S o r s h I p Me a S
Measurement setup - Anisotropy measurement system applied on  Influencing factors on mechanical properties - (A) Influence of material thickness, (8) Influence of and Sensor Technol
front side and permeability measurement system on backside temperature, (C) Influence of plastic strain in relieved state, (D) Influence of mechanical stress C h e mn | t 7 U n | ver s | t
FUTURE TARGETS nology
Future goals are the analysis and modeling of AlRGueRtanly Wendl
. . . . . ¢} ittizt,. oo
piece, the integemdoronsydtdermei mutthe process ro*r%P—r—o—"fl—arﬂ%—r@re aﬁ
zation ofimdhecapabi |l ity of the sensotoompchootogly. Further mor e
needs to be validated for the manufacturing Fundec Losion
ing of tubes). It needs to be further deveInDF Deutsche oubl
X . . Forschungsgememschaft
cylindrical components) in ordseanstoor faund yt hee - el op.
concept in the property controlled incremental tor mi
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Devel opment of a Flexibleﬂﬂﬂ?ﬂl_l[;lﬂma
Process f okFrcotnhter oHrl oepde rMayn 1 ol ng
Turbine Bl adesmpferamuiiegMa. ¢ « o

|
PROJECT Z Fraunhofer
This project aims-cootdeVé&ieap émepgi ogemptryocess Igcvatin
contrast-die £tbogedg, this method edebkemi hhagcghbbal of the pr
l arization in titanium al-bBogsprreet tastbe darde sstwhrih~~tn ~tnn mRobe < ening |
the forging process, the prediction of aver igpm ‘RWI'H anc
degree are obtained by the soft -fenporcosysbe <| to
to out ptuampheirgght ure components such as turbine blades made of t
on, the results can also bei esktdr gongtpeocesasesi als and open
Disturbancesl Profln®r . M. Bambac
) Prof. Dr. M. Herty
Desired
properties ¢ u(t) Properties
i Contact details:
[ : Si mon Burger, M. En
Si mon. burger @ gcv. fr
IFT,R Fraunhosertute for
ing, Composite and
RESULTS SO FAR Technology | GCV
In the current phase of the project, a hybrid microstructure
physical model framework and neur al net wor ks Dhas Feeen npmadv gh et

pment of microstructure in the workpiece. Furthermore, this model can be adapted online to new thein@i gganc hrevrt .hd e
measurement data Through the use of particlel@istétsitaddrc£&eome

microstructure evolution. For adjusting the Rroaktsies cohfe tMad h@ima
new controller including theoretical analysifAachkembility unde:
has already been studied and tested in the forging process.

Isotherm bar forging

a 100 0.2

0.1

—measurement ||

—--particle filter |

— -prediction of HM

- - 0

0 0.1 0.2 0.30.35
strain, -
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sajoiped Jo uoynquisip

BEa

E: E-Modul, K= konst.

FUTURE TARGETS

The current research shows the existence and motion of a bou

which separates regions in which the target microstructure is
not the case. Further work wildl focus on estimating and contrc
surface. To achieve this, a new controller wildl be studied ba:
this surface,-l@whiethses bhethermicrostructure variable to be co
is also considered to devel op -d&ir iswdn psremd;ioat”}fgf"‘"’"'”"”"’ T (I
the deviatitevef bt f£eom the reference traj DFGDeutsche unct
and the disturbances. Classiécation and robu Forschungsgemeinschaft g | |

being researched.
GEPRI S 402694
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Ther momechanical Ring RoIEEE'rEI_II;Jﬂh
Control ol

PROJECT TECHNISCHE
UNIVERSITAT
Tangenti al ProsSle Ring Rolling ishapehii gphlry sp E RENrganufac
speci §c process parameters with regards to temperature and r af
affect the microstructure, strength and har =N

OTTO VON GUERICKE

materi al properties and a | arge number of i UNIVERSITAT eri a
only possible in piaootpi conby olsisrygtamclohaed.i MAGDEBURG TR
towards a speci§c goal that can only be eval ut ur
| Taicew Pronc RN Roua Mg

COOLING ACTUATOR

Profln®r.A. Brosiu

Control Variable

Noise Prof-ln®r.T. Halle

Modbus

PARAMETER OPTIMIZER

COOLING AR
VALVES

CosT FUNCTION | MAIN ROLLING ACTUATOR

Goal : T
Hardness

H\\K/DRAUL'C Contact detail s:
Profile ALVES :
P t Rings i )
sramees SE— Diplng. RDPmi Lafarog
l remi .|l afdlaegd@nude

. -
-«— -« Chair of Forming a
Parameters I ng Processes, TU

RESULTS SO FAR Sebastian HOotter
I

At present, the control requirements of the I m
) ) I'nstitute of ater
qguired actors and their effects have been | ocated anrd ]s;lof‘ s e
Jolning echno ogé/
have been developed and tested. It could be _s owﬁn t hat deUpen
. . . ~ Ot tvm-Guer | cke ni ve
starting conditions, Snely controlled temper,\r;}tu e and formlng
S . o . agdebur.yg
changes similar to tempering or banitization. Addi tional |l vy, c
the materi al at high temperatures together with work hardenin
microstrustured fwvetl bearing applications. Parameter 8Seld proce
and a could be proven in a digital twin environment.
Schematics (a) and pho-
to (b) of the TPRP ma-
chine. Legend. A: com-
pressed air outl ets, B
gui de roll, c. main roll,
D: mandrel, E: pyrome-
ter, F: ring, G: stabiliza-
tion force
FUTURE TARGETS
Currently, fsh ec odhitgriotlals ytswienm i s being i mplemented as modi S§cati
tion machine. I'n addition, tpbeosefts memsar eméeht af sbhbemased f
teri al properties that will be used in the control |l oop. Reses
the capabilities of the system towards mater ., di f
ties in different states. This wild al so shao DF Deutsche ie of
the uncertainties involved in the system. Th F?rsc‘hf’??sgefne‘ns‘chaﬁ t h
mitigating or reducing them to achieve a reliaponi e property con
GEPRI 402694



Controldledqusdl Tdansition BEE'E'EI]EB:as
With the Help of Soft Sen ol

-

PROJECT ~ Fraunhofer

TRC process combines casting and rolling in IWulabli
terials strips production. The microstructu- "' -~ -~perties of
Suenced by the position afndt htehef uwlels ud aliindyi Spd TU Bergakademie _ |ORTf POtr mMa t i o n .
aim of the project therefpdrne ried atto omontor dlhet © et timrecrofstl uc
of the strip. For this purpose, temperature ‘m ssure senso
to detect the solidi8cation front by direct ments withi
t al twin based een aaticoupbgdr vimedel is requireu Lu interpret
bet ween sensor data and material properties.

Prof-ln®sG.W.Drossel
Prof-ln®r.U. Prahl

S— Contact detail s:
: Prof-G. WDr ossel

’

Fraunhosertut for
Wer kzeugmaschinen
formtechni k | WU, C

RESULTS SO FAR

. . . Prof. Ulrich Prahl
The roller was equipped with a piezo sensor, Itnhse%rim%%OL#%lreﬁvleet‘%
calculations on the digital twin and tests hTaVc%nslh%ﬁr}s bn?be}h
i nSuenced by the rolling speed.| iEnxepaerr i rmelnd tail o_ndsahiap ﬁtﬁ t\l\seheon}é/n 1?1
. . . . .. . Bergakademl e reib
rolling speed, position of solidi&8cation front, resul ting micr
the rolling speed decreases, the solidi8cation front moves| t o\
deformed structure, due to a higher degree of shear deformati
up, which contains an observer for the process and a property
sure data were used for improved mushy zone modell ing.
L, in the rolling gap
630 240
! Measurements
g 580 — - — Layer model T T 220
B 530 L, Starting point. =~ o .
SO 480 ~\ 7 WET
EB 430 180§§
25 350 g2
£ 3% B 1608 §
3 ° e S E
a 280’____:,'.7 1402
& BT Tz 1.7 mimin 1.5 m/min]
180 120
-65 -55 -45 -35 25 -15 5 5
Position in the rolling gap [mm]
FUTURE TARGETS
In the further course of the project, esti mators and observers
of the digital t win. First of all, the control of position an
model |l ed and i mplemented on the system. For dynamic aspects of
be determined how many sensors are required to determine the
|l idid§cation front in relation to the control -h a
i i ; Deutsche
will be used to validate and improve the pr¢ g Poscninasgemeinschat 0T F
ized, that in the future a control system c: onl

dat a. GEPRI'S 402694



Mulvtairi abl-lbto®€p oGe@emtr ol wi 1EEE'rEI_l[;lﬂar v
Control of Forming Produc ol '
Fundament al s and AljpopRa Iclait.. oo .." « < 'un

PROJECT Ptu FORMING
This project investigates the fundamentals oT mul |E\/x§EL|LEaNDCFe

by forming processes with feedforwa)rndrcn:)d|1terdc'|/nn'*‘-nmrfM'rhic nurpo

N/
mi ng process whi ehhofri@ed | cag |l ed pewveh oped cmmd.‘.‘.‘
microstructur e, hardness, surface roughness,\i'.l and
\' ) s

process information is obtained from Barkhau
on by a soft sensor dmodpfedniaok |tea .t e s@lec.nstitutfirAngewandte Materialien = ¢, ¢
the consider atfinasmhefl phedsemi i nformation obtained by shear cu
bance compensation in the subshouelnlti pg ogrecseso.nt r ol of the pu
disturbance variables disturbance variables _
disturbance var l Anuranse e l Prof-ln@®r.P. Groche
Punch (rigid) Hole Rolling (flexible) Prof-ln®r.V. Schul z
als !
uakt(ﬁ)I—P
— T
kinematic online Contact det ail s:
; controller : measurement
l» upmz(r)§ N N MER, Pyrometer Daniel Spies, M. Sc
ARy, " y ; dani el . s pdeersn@pttaud tt.ud
punch force Aso | disturbance product x offiine .
U compensation property soft sensor measurement |l nstitute f or Pro d
control geom., HV,R, . i
[ . T
control variables: I____t_n_.'ofeﬂidip‘_'oﬂ___f_' neertn g an d Fonmin
product properties, geometrie, HV, R, Xsoll chines , Technical

Dar mstadt
RESULTS SO FAR

I n the current research, the controllability _.of mat§rial PSoPeE

) Dr-I.n%. tefan et
DC04 (1.0338) and the stainless steel V2A (Jstgf@anl)di\élplsiclhr@\{(fztst
chi-magrel | i ng. By using an F_E simulati.on, it Wﬂ§tPPﬁ§Eb*8rtRpﬂ?lr
on the process control variables radial feedy it yhsSe Welsl i 2%+t
radi al process speed on the collar height waﬁecdﬁer{ncpmosgtyated by
ratio. Additionally, the TRIP effect in V2A can be inSuenced b
nal speed. I n combination, this proves the possibility to si mu
ry and different product pr opedretsitersu.cth wret hcehramoarcet,e rMBMN ta lolno wosf a
the surface | ayer state with respect to grain size distributi
which enables a control of the process by means of a soft sens

100

s 0 ]
S 50 ]
¢ 25 ]
Z ‘

w25 U/min7 6,03 mm/U
1® 25U/min/0,1mm/U

éfgg 4 210 U/min /0,1 mm/u/

« 100

g 50 —
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FUTURE TARGETS
Based on the previous investigations, the independent control
ent product properties, such as hardness and martensite | evel,
system in the further course of the proegsgoctvedor the measur er
product propeduices, modeérs wi | | be used as soft sensor s . By v
cutting process, speci 8§c disturbance variabl uced
: . . X DF Deutsche
di sturbance compensation. Finally, I n t he nt Forschungsgemeinschaft @ S € ,
soft sensors wil.| be validated in an of Sine 'm be

property control system. GEPRI S 402694



Property Control During SEEE?EI_II;Jﬂof
Austenites ol

PROJECT 5
ﬁ '( UNIVERSITAT
The aim of this r eslesaorpc hc oprtorjoelc to fi sp rao deul cots epd r _PADERBQRNj n s

cesses of met astable austenites. Through a targeted inSuencin

product i-poenr,f ohrimpaghn ce component s ar e produced,/

netic and mechanical properties (hardness), /FraunhOferadde

use. Very high demands are placed on the locwu. . oo, w.. lEM of

di mensi onal accuracy, as wel | as hi h rodudcti vit v, safetv |and
. y . g p Materials Test

mat epri@aperty models contribute to the i mplem Erminasri oft

troller for -tbhepoabdntnreolcl osetdhese propertiequp v\/w»g'.wptfmfo.dgo

! Flow forming process !

Feedforward Feed ! - - — —!

— —»@—w Flow forming |—»|Plastic — Udmartensite |!
_,| controller and o I . h |
1

1

»lactuator

process strategy infeed: [«—deformation [«—formation Prof-ln®r.w. Homber
depth"““““-L ----- iniwinpiel i Prof-ln®r.A. Tracht

Predictive aser arkhausen -
e distance noise Prof-ln®r.F. Walthe

Desired wall|controller Usmartensite
thickness Wall thickness Wall thickness ||, 110 - irement Contact details:
reduction O reduction measurement |l < f sensor _
AN I Bahman Ari an, M. Sc
Desired Umartensite — Uémartensite fraction ba@ upadaiborn. de

fraction Forming and Machin

Technol ogy (LUF),
Paderborn Universi
The focus of the 8rst stage of the project has been the produ
austenitic steel tubes to identify 't-fllnarkelysmlieEﬁmled?(ers |§uenﬁlll

RESULTS SO FAR

the wall thickness reduction. The deter mi Lforre 'as‘t'iﬁé‘(%.ebme‘f
mapped in an empirical model . The sensor conFreaptnhoqrertW%s?ri]lt'u
thickness, consists of -lal )mlar,mabmhgsnetldlsEasanronlé§Jg[ﬁscbésan(léw§gure
left). The micromagneti c measurements are baﬁggerogortrpe magnet.i
ciple and were t#arekasetdewcohtehe by means of the soft sensor
bel ow, right).oopf &Eostrol ohed been successfully developed for

reduction using the online sensors. The inSubtlcieanfRazme Masedu e
ture have been investigated, sinceditnheenysiarne |-eirgiréaltiePZioEdinde §g p

components, which is the focus of the second Cd'@dde 0 Magergad;s
Engineering (WPT),

TU Dortmund Univer

Axial || Axial and
(1D) [|angular (2D)

artensite [%]

FUTURE TARGETS

Future work will focus on the fuoboheprdpeety . ., onl i
the investigation of the inSuence of disturb DFGDeutshche . dur
. . . . Forschungsgemeinschaft
plexity of workpieces wildl be increased fron ugg,“ >d s

graded workpieces (2D).
GEPRI' S 402694



Propeohyroll ed Process DeEEE'rEI_IE;IBFr
Considering MateriaFi Prsp ol f
Product

PROJECT Technical

. . . . . . University
The principal objective of. the project is th SfMNIPCh and
tgontrolled freeform bending process. I n adda or k
possible to adjust the mechanical propertie, 250 di
freeform bending. This improved and more COII-IIKHM;'H ntro
ciency of the freeform bending process. The cenci ai I nnuvat/ive
based -co@opedontrol system, based on an inline soft sensor . Th
three partners from the S§elds of materials engineering, contr
neering, the team is able to successfully achieve the project'

Prof-ln®r.W. Vol k
Prof-ln®r .B. Lohman
Profsln®r.S. MOnste

Contact detail s:

Dani el Mai er , M. Sc

daniel . maier @utg. de

Chair of Met al For
RESULTS SO FAR Casting, TUM

I'n the current phase of the pr ebjaescetd, ctomet rprl opofff,difr eteti, @ e n g r gt
bending has already been provided. Fortangesntpuarlpgseeg: y8n. OVel
bending was developed. This novel approach makgisr 1df PLOStSI nRd tei ¢

di fferent resulting residual stresses. This Itgygds to a decoupl
ties and build the bases for the design of the soft sensor |and
sor it was shown that the properties in the §8H€'@or§ﬁg @ﬁlr’ch%/ln
be correl aneadur@abhenproperties. The results %p—eh'es Sleb g’ g)fef

Srst control strategy, which already |ncludes theegrsofyt o5& Ml ey

Structures,
RWTH Aachen Univer

FUTURE TARGETS

Further studies need to be conducted on the residual stresis s
bending. This wild.l give additional insight on the residual str
tative as well as Qquantitative depiction of a for mal correl ati
ness. I n additi on, future wor k wil/ focus mainly on the furthe
the i mplementation of the control strategy into the freeform
on the uncertainties that arise in the process as well as in t
ti on, research wil!l continue on the accurate measur ement and p

ties, as well as their inSuence during freeform bensdbhlAs 402694
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