0 2 AUG 2006 ELECTROCHEM CAL STRI PPI NG USI NG SI NGLE LOOP CONTROL BACKGROUND
OF THE I NVENTI ON The present invention relates to a control circuit or |oop
for use in.,a systemfor electrochemcally renoving a coating froma part and
to a systemwherein multiple parts may be processed at a tine vjz gyeggh part
having a separate control |oop. Various systens for renoving coatings from
parts have been devel oped and used in recent years. In one such system a
process controller was used to control the potential of nmultiple parts. A
practical consequengesobekRisc£ONF 0l p NI SGIILE MRS (hRB! CHRMKOL! the
parts in the | oad—berfg pped—wer e not—act uatty 2 e—op - pot enti a
for stripping during nost of the run. At - the beginning of the stripping

process, only a few parts in_the Ao eld [ correct potenti al
with the remaining parts beiE%Jﬁiiﬁgﬁégﬁiiﬁgiéﬁaig—gE—beIom1a set point
~potential. In eirthBepreass: tRe=StIdPPHGIEHPCRSS WSRO cefbacti ¥e 1dop
renovi ng coatings fromthe substrates. Coatings were not stripped quickly
and damage fRds U§6nént 8 £HetsmbEe T ot kecher@raraicagfl vt WeMPERRY FoCeakhadi ze,
mul tiple parls Bepagentaglcol 0B sesyldndfk damrae Lochardyar gagnd.
unacceptably long stripping tinmes. SUMVARY OF THE | NVENTI Accordingly, it
i s an obj ectrooksthe presehimé nwieht i @rch apy dvdiwdeca acerprokteogpnforluse in a
systenlforl%% ipping a coating froma part. It is a further object of the
present invention to provide a control |oop as above which provides an
optim zed potentealiote systems for removing coatings from parts have been

developed and used in recent years. In one such system, a
process controller was used to control the potential c¢f multiple
parts. A practical consequence of this control architecture was
that many of the parts in the load being stripped were not
actually at the optimum potential for stripping during most of
the run. At the beginning of the stripping process, only a few
parts in the load were held at the correct potential, with the
remaining parts being at potentials above or below a set point
potential, In either case, the stripping process was not
effective in removing coatings from the substrates. Coatings
were not stripped quickly and damage was done to the substrate
material of the part. To summarize, multiple parts per control
loop result in damage to hardware and unacceptably long

stripping times.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a control loop for use in a system for stripping a
coating from a part.

It is a further object of the present invention to provide
a control loop as above which provides an optimized potential to
the part to be stripped.

The foregoing objects are attained by the control loop of

the present invention.



the part to be stripped. The foregoing objects are attained by the control

| oop of the present invention. I 0 2 AUG 20H 1In accordance with the present
i nvention, .a control loop to be used in a systemfor stripping a coating from
a part, such as a turbine blade is provided. The control | oop l?r%ggb@
conprises means for neasuring a potential between the part an& a(J rence
el ectrode and generating a voltage output signal, neans for conparing the
vol tage out put signal to a set point voltage and for produci ng an out put
signal to be used becseduce: then dinkf ereseatbehvwesnibhe yobdage outdy tsi gnal
and the set point voltage, and neans for supplying current to the part.
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of the prese ot S teendant
Chereto, are sar forthn Thd ol i ng defarl od dbacriof o e Fhe Tor
acconpanyi ngadsaibngneader siq 4 |ploaemefie|leheewaarretabspdeipl zind |a kee s rement S.
BRI EF DESCRHPTJCO\I OF THE DRAWtNl%S he ur% is.a gchemat C reagres nt ation of
a control o6 S GsEd i A Coat i n8 |p8i‘155u yif%[f*r?l n BCedt dance with
‘the pr eseﬂbmbﬂy@ﬂ@lﬂme A dF B UREREREPFheN ©OF I HEe PREFGRRED FMBEDIMNT( S)
Referring now to the Figure, a control loop 1 to be used in a system for
strippi ng ACEoBFPRGCHFOMA Tt Signeh 48 &°j BFedehgi Redicemmidient, is

iITustrated; r¥Be. gDt Ol wd OO He iv$168BRDLEAL gfc @HSHEEOgﬁ@%t@@'éé’t Sg!FJl'rFtp' ng a
coating froma conponent in a stripping SOFU'[I on, such as a 5% hydrochloric
acid str|pgpﬁgage, and means for supplying current to the part.

Other details of electrochemical stripping using single
loop control system of the present invention, as‘well as other
objects and advantages attendant thereto, are set-forth in the
following detailed description and tﬁe accompanying drawing

wherein like reference numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

The Figure is a schematic representation of a control loop
to be used in a coating stripping system in accordance with the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Referring now to the Figure, a control loop 1 to be used in
a system for stripping a coating from a part 2, such as a Jjet
engine component, is illustrated. The control loop 1 is capable
of electrochemically stripping a coating from a component in a
stripping solution, such as a 5% hydrochloric acid stripping
solution. The control loop 1 may be integrated into a fixture
which minimizes external wiring.

In one embodiment of the present invention, the major
components of the control loop 1 include an electrometer 3, an
operational amplifier 4, a high current MOSFET transistor 5, an
analog to digital converter 7, a digital to analog converter 8,

a high resolution analog to digital converter 9, a current
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solution. The control loop 1 may be integrated into a fixture which
mnimzes external wiring. In one enbodi nent of the present invention, the
maj or conponents of the control loop 1 include an el ectronmeter 3, an
operational anplifier 4, a high current MOSFET transistor 5, anlZ Apgpgg to
digital converter 7, a digital to analog converter 8, a high resolution
analog to digital converter 9, a current 2 0 2 AUG 2906 neasurenent

resistor 10, a high current. power su%plé 11 and a cathode 12. The
el ect r onet BF38UHE EﬁFeEe?¥ﬁF%%n¥9ﬂi%ﬂ 158t wEER ENENBCOBSFt SBPPhi th 37

connect ed asthbacangde, 7@k @ dieffletRGe 3 ﬁné@%h&@getﬁeafﬂgt@ﬁlﬁpéﬁ SNt age
out put signal with respect to ground. The reference electrode 6 nay be an
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Amplifier. Ctroneter grade instru I's nécess
prevent thernehdrentke etetdirade & lfdamodeedonmangbpokar AgedgCThel operadd onal

amplifier 4 conpares the voltage output ngnal to a set point voltage
si gnal and“pr BvIdB5CER cut Put™OEi-gnal SESHEPIFI PRGCERETRFGH it ety b°
transi stor ygetihat Wi bhrr reeiiee 4 heipdinfiffevence betweeputhei g4 ect ¥ aomt er
output and the set point. A Burr Brown's OPA 234 | ow power precision single

for the opératrbRart Xupbliiiper &t GA&CLARPRICPref T AEG bBSEEeRERhDI i fier
Toe. i Sh CABEEDL MESEELAEAISI S 0 2osuoRL eAct e sEUEREDtcuLou LIl e
becoming polarized. - '

The operational amplifier 4 compares the voltage output
signal to a set point voltage signal and provides an output
signal controlling the high current transistor 5 that will
reduce the difference between the electrometer output and the
set point. A Burr Brown’s OPA 234 low power precision single-
supply operational amplifier may be used for the operational
amplifier.

The high current MOSFET transistor 5 supplies the current
to the part 2. The high current MOSFET transistor 5 may be
formed from an Ixis IXFN Z00N0O7 HiPerFET ™ Power MOSFET or
similar device. 7

The control loop 1 also has a digital to analog converter
8 which provides a set point voltage to the operational
amplifier 4. The digital to analocg converter 8 receives a
command from a microcontroller 13 to set the correct potential.
The control loop 1 also has an analog to digital converter 7
that measures the voltage output from the electrometer 3. The
digitized value is reported to the microcontrcller 13 upon
request from the microcontroller 13. The control loop 1 also
has a current measuring resistor 10 having a value of

approximately 0.01 ohm. The voltage drop across the current

measuring resistor 10 is measured by a high precision analog to



formed froman Ixis | XFN 200N0O7 Hi Per FET ~m Power MOSFET or simlar device.
The control loop 1 also has a digital to anal og converter 8 which provides a
set point voltage to the operational anplifier 4. The digital to anal og
converter 8 receives a comand froma microcontroller 13 to sej pﬁ @ rrect
potential. The control loop | also has an analog to digital conv é

that neasures the voltage output fromthe electroneter 3. The digitized
value is reported to the mcrocontroller 13 upon request fromthe

nlcrocontrglbq&a13coxbgrggptgol %Hgﬂhé%éﬂf%%enQa%fasﬁgﬂr@BBvQP@§Hr'@9 resi st
or 10 having a value of approximately 0.01 ohm The voltage drop across the

current nE&P@ritRg tesrbeonldrishEdsiired by ra rikiaghspr eci si on anal og to 3 0
2 AUG 2006 di gital 80(%%? fret?n Ihe nRasyrenent ah ég?? ?8“&? Elpd$

reported to the M éroc 13 on request I'n "ad on to ecircuit or
control | oepci@,desari beslor apewe; sufih 6680Aagower usegpky ﬁioﬁayabe used to

provide a Vv Ita he range f +5v DC at a current reater n
anps. The é&ﬂﬁﬁg lBoFEﬁtF%pg%éﬁf ¥ 2 dnd CHETEGFr 8RE2EFE © h"3)red and

reported tRBreugh the gb@u@ﬁ&mﬁ&{érﬁila]l?’ A awvan srBchhaechnt&rd ace-d4 such
as a conputer or a programmed process controller. The set oint is obtained

from t he haorasukeehpne rem@w%c@qwﬁhcth%ﬁutcrréﬁorlﬁ@f@ltlﬁé ctocomMys er.
The m croganir gLl %t%%@y@' £AtES- gﬁ he Ny Qefiﬁ%@ Eepkr%?émg& Hh&ss

conmmuni cat i on bUS Ssu as CAN contr er ar a net wor o"renobve ‘a coatl ng

froma conponémbldach asha seir pownt blsaddtaimedcdrponeéht hsménrsdclgimd

bl ast ed. Th%t%&%ggei§4tggg inputted into the microcontroller. The
microcontroller communicates to the human machine interface on a
communicaticon bus such as CAN controller area network.

To remove a coating from a component such as a turbine

blade, the component is first grit blasted. The blade is then
inspected for corrosion or pitting. The reference electrode 6
then may be checked against an unused reference electrode. The
operating set point is then set to a desired potential which
depends on the type of blade being stripped. For example, for
one particular type of blade, the set point may be 130 mv. The
turbine blade is then electrically connected and immersed into a
stripping solution, éuch as 5% hydrochloric acid stripping
solution. Current is then applied to the blade for a desired
time which again depends on the particular type of blade being
cleaned. For example, for a particular type of blade, the time
may be until five minutes after the second major inflection
point in the current vs time curve has been reached and then
stopped. Again depending on the blade being stripped, the
current may be less than 0.150 amps. The blade is then
disconnected and rinsed. in water. Following rinsing, the blade
may be blown dry with filtered air which is oil free.

Thereafter, the blade may be tinted and heated at 1050-1300

degrees Fahrenheit in air for 45 minutes and inspected.



inspected for corrosion or pitting. The reference electrode 6 then may be
checked agai nst an unused reference el ectrode. The operating set point is
then set to a desired potential which depends on the type of blade being
stripped. For exanple, for one particular type of blade, the se Qi nt  may
be 130 nv. The turbine blade is then electrically connected and {i ed
into a stripping solution, such as 5% hydrochloric acid stripping solution.
Current is then applied to the blade for a desired tinme which again depends
on the particul ahet ypacebiblass beidg cid ganadndFam@mnpele prbetidaspant i cul ar
type of blade, the tinme nmy be until five mnutes after the second major

i nfl ecti on O3 iPrRtEREielr kenthe Py e T lisv & Hadseen ridachedhgn8atrhen

st opped. Agai e ' o] I i g . (QUT, - be
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Fol | owi ng rifnsiuig,iptlkepbladeareayo bee bd tovpmhd, wiatdh foattemed &ier pwhivéHeds oi |

free. Ther eafht er, the bl ade faj\s/ be tinted and heated at 1CSO 1300 degrees
Fahr enhei t "% "aitf 5f 8FP45CHT hut e5°%hd” i nspected. 4 9 2 AUG 2006 The control

| oop 10 of the presenktppAYERt i OMaPrid Beshan Rl eeientimalaccertthacpart to
be stripped. Thus, the part nmay be stripped quickly w thout damagi gg t he
part's subdtitdt éhe pregainti precparts aHt & Yo e haMigFed, s teadh 1p&r £YRR§ be

provided wdihd k3ne4R ¢85Ot Q9P Jhidd 4.8 18PRANeRsithat Hhelg hasg been
provi ded in accordance wth the present invention an el ectrochém cal

strippi ng Sysinem andsidgastagte $oop ot riolradtist dng.| y Wetliesfihes prheent
obj ects, invention has been described in the context of specific
embodiments thereof, other alternatives, modifications, and
variations will become apparent to those skilled in the art
having read the foregoing description. Accordingly, it is
intended to embrace those alternatives, modifications, and
variations as fall within the broad scope of the appended

claims.



means, and advantages set forth hereinbefore. Wiile the present invention
has been described in the context of specific enbodinents thereof, other
alternatives, nodifications, and variations will becone apparent to those
skilled in the art having read the foregoing description. Accordingly, it is
intended to enbrace those alternatives, nodifications, and vafifGizls as
-fall w e e of the appended clainms. a 2 AUG 200B WHAT | S
CLAI MED ?ﬁgﬁl&EAFggﬁgﬁgfqﬁgop to he used in a systemfor stripping a coating
froma part, said control Ioop conpri si ng: neans for neasuring a potenti al

bet ween § he ypart, gng alod; ot %s%ldecigr qdg ef‘b‘?tr %ter’l?%ﬁ C%Ig{age out put

signal representative o neasure pot nt| nmeans nparing said
vol t age ggapmngsig@mla.mﬁpﬁeseﬁﬂatwm@uﬁokxﬁ@bpmwmmpedspogent|al to a set
point voltage and for producing an output signal to he used to reduce the
di fference between the voltage output signal and the set point voltage; and
means for suppglayisndocoumesrutbngak dpphentidl AecomtaroltHeogmaccandi ag to

claim 1, LHLIDRECQTRELSLRG. ARAna.Lar broyi ding poset ol waldage Lo said

conparlng nmeans accor Sai d set
poi nt vottpgespnbatdhagodéan&xtam$ﬁsuﬁﬁdep@h@mtahlto anal og converter. 4. A
control |loop according to claiml1l, wherein said mneasuring neans conprises an
el ectrometer.

means for comparing said voltage output signal

representative of said measured potential to a set point
voltage and for producing an output signal to be used to
reduce the difference pbetween the voltage output signal and

the set point voltage; and
means for supplying current to said part.

2. A control loop according to claim 1, further comprising
means for providing a set point voltage to said comparing

means.

3. A control loop according to claim 2, wherein said set
point voltage providing means comprises a digital to analog

converter.

4. A control loop according to claim 1, wherein said

measuring means comprises an electrometer.

5. A control loop acceording to claim 1, wherein said

reference electrode comprises a Ag/AgCl reference electrode.

6. A control loop according to claim 1, wherein said

reference electrode comprises a hydrogen electrode.

7. A control loop éccording to claim 1, wherein said

comparing means comprises an operational amplifier.



5."A control |oop according to claim1, wherein said reference electrode
conprises a Ag/ AgC reference electrode. 6. A control |oop according to
claim3i, wherein said reference electrode conprises a hydrogen el ectrode. 7.
A control loop according to claim1l, wherein said conparing neans conprises
an operational amplifier. 6 0 2 AUG 2006 B. A control |oop according to
claim1, wherein said current supplying neans conprises a h| g t power
transistor. 0 ~9. A control |oop according to claim1, further @%@ﬁ sing a
power supply for providing a voltage in the range of +5v DC at greater than
10 anps. 10. A control loop according to claim?2, further conprising a

m crocontroller for forwarding a command to said set point voltage providing
means to sét afpeventipal lodd.adkcaohtneltd coleiacdor dinrgetion cladmcdrréntt her
conpri si ng _ rre?n for nmeasuri lgj[the vq}#ﬁ?e OUteB-tﬁt fromsaid el Ectrorreter

and reportingPrHé"Fol'tage oURUSTD A i IPEWEL1 3 TARSESAPFol | oop
according to claim1, further conprising a current measuring resistor, means
- for measuring the voltage drop across the current nmeasuring resistor, and a
m crocontr 8-l eP FBRLIPECEPYR RF e & igal LG eprasdent ative hefr chepraasnfed

vol t age drggwprlauoélﬁoﬁ$fO¢$éﬁé§%§§x§"égfgbif)fﬁ aijn 1., further, SQOgErgslng a

m crocont r Ol and“an 1nter I nputti set point to
m crocontr @lrketer7than 10 amps.

10. A control lcop according to claim 2, further comprising a
microcontroller for forwarding a command to said set point

voltage providing means to set a potential.

11. A control loop according to claim 4, further comprising
means for measuring the voltage output from said electrometer

and reporting the voltage output to a microcontroller.

12. A control loop according to claim 1, further comprising a
current measuring resistor, means for measuring the voltage drop
across the current measuring resistor, and a microcontroller for

receiving a signal representative of the measured voltage drop.

13. A control loop according to claim 1, further comprising a
microcontroller and an interface for inputting a set point to

the microcontroller.



