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MICRO-ELECTRICAL DISCHARGED BASED METROLOGY SYSTEM

BACKGROUND OF THE INVENTION
Field of the Invention
This myvention s directed to a mucro-electnical discharge machme (uEDM )
based metrology system using a styli and sensing al pico-joule energy levels. The nucro-
electrical discharge machine based metrnlogy svstemt is a non-contact, non-destructive, and
on-board metrology system capable of m-process quality assurance/quabity controd (QA/QC)
Discussion of Related Axt

Many industries, ncladmy semiconductor, medical, automotive, detense and
aerospace have an inereasing need {or parts with dimensions measwred 1w microns, commeonly
known as microstructures. However, known methods for measuring these nuorostructures
have vanous short-conungs wiueh ofien result n the need {o scrap parts winch are
manulactured owt of spectiication.

When a conventionaliv-sized part 13 mamygdactured, the part can be removed
from the machinine platform and measwred. If a dimension 15 found to be out of tolerance, the
part can be placed back onto the muachmmge platform for addiional work., However, as
machined parts are redaced m size o nucrons with even smaller tolerances, # 15 mpractical
for these parls o be re-positioned on the machme after measarmg with the necessary
accuracy. Accordmngly, m order to mantamn reference points on the machined part, the part
nugst be measured on the machining platform prior to removal. I 3 part 18 removed from the
machine 10 be measured and found to be out of specification, the part must be scrapped as o
8 very difficult to reposition in the machmne with the accuracy necessary for additional
machining, The machmmy process must then be modilied and 3 new part fabricated. This
COSES tume, money, and results m malanal waste.

Enown on-machine metrology devices can cut this drop-out rate by Y0%,
resulting my substantial saviigs to the manufactorer, sappher, and consumer. However, these
known maetrology platfornts are expensive, have fragie sensors and have a iinmed scope of
measarement.

Known on-maching micro-metrology systems are penerally divided into iwo

types, tactie or optical systems. Optical systems, etther visible or laser, are Imuded by hine-of-

-
-

stohl restrictions {if i caw't seg i, # can't measure i), While lactile based svstems have

deircate sensors with linuted ranges with respect o aspect rabos, sidewalls, and overhangs.
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Tactite sensors also rely on sarface contact with the part, stwface contact can lfeave witness
marks, scraiches or bienushes that can render a part unusable for an miended purpose. As an

exgmple, one type of ultra-high precision probe wall contact g surface with 0.300 Nim/pm of

force. This force is 15 billion times greater than the smallest force from the sensor of this

fveniion,

Both tactile and optical systems are also adversely alfecied by maching ails

and other machinimg restcdues. For ether of these systems to he effective, additional cleaning

steps are necessary both inside and outside of the machming platform pnor (o use.

As such, there 15 a need for an moproved metrology system for measuring

SUMMARY OF THE INVENTION
A general object of the mvention 1 {o provide a metrology system that uses
electrical discharge sensing {0 measure g component’s sive,
Electrical discharze machining (EDM) 15 currently a purgly material erosion

mramfacturing process whereby electric sparks ave used to evode material from a work piece

o form a desired shape. A tool-elecirode and a work plece-elecirode are subjected to an

electric voltage and in a disleciric. Initially, as the tool-glectrode approaches the work pisce-
electrode the divlectne acly as an insulator. As the tool-electrode moves closer o the work
prece an electric field breaks down the dielectric, forming o plasma bubble between the ool
electrode and the work prece-glectrode. The plasima bubble conducts a flow of energy, a
spark, betwesn the work piece-glectrode to the lool-electiode, evaporating malerial from the

work piece and a smaller amount of material from the tool. This flow of energy depletes the
charge stored in the system, and equalizes an electric potential between the tool-glectrode and
work piece-glectrode, collapsing the electric field and ending the spark event. Particles of
evaporated matenal cool and are flushed away with the dielectric fuid. With the electrical
How broken, the capaciior recharges and the slecing field s reestablished. Table 1 lisis the
fraditional enerpy levels used by conventional EDM and kDM systems. It 15 tradionally

held that EDM aircuits will not function with a hias of less than 60 volis.

SUBMTITUTE SHEET (RULE 26)
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Table 1

instead of the conveniional focus of an EDM described above, the metrology
prachine of the present invention uses a fower energy level s0 as to not remove any material

fromm the surface of the work piece.

In a preferred embodiment, the micro-elecirical discharge based mewrology
system for non-coptact, non-destructive, on-board metrology mehules a pico-jonle energy
tevel uEDM sensing cireust and a reliable spndie probe sensor that 1s elecineally solated and
mouniable m a vanety of conventional EDM machmes. Sensing with these energy levels
psing a gEDM formed stvli 15 3 reversal of the process behind EDM, Such nunuie energy
lovels, combined with high frequency response efectronics, will create a now-destructive, bon-
contact electrical sensor for in siny metroloey. The svsient of this mvention will not only have
the abthity for micro-metrology, but will have the added benefit of 3 pEDM's innate capability

to self-manufacte s own probe sensors, as well as the standard pEDM funchionaity for

manufacturing pucro-holes, contoured formung, and de-burning of conductive matenals.

fn a prelerred embodiment, the mucro-electrical discharge based metrology
systemt of this invention inchides a tank to hold a work piece, preferably in g diglectric flmd.
Prefarably, the tank mcludes a support surtace and a mechamsm o reposition the work piece

moat least two dimensions and preferably three dimensions. The work pece preferably

comprises a conductive matenad, for example, byt not hinuted to, metaliic matenals mcludmy

statnless steel, platimum, Btanium, gold and molyvbdenum. However, the work piece need not

be & metallic matersal and may comprise any conductive matenal melading, bat not houted

o, cerantic matenals, doped silicon, mmpregnated cermmics, and thin-fiim covered, non-
conductive materials.,
The mucro-clecinical discharge based metrology system of lus mvention

s

further includes a probe with a mechmusm for posiing the probe in proxinity to the work

mece, The mechanism is preferably a compuier nunerical control {ene} machme that 15

capable of moving the probe in at feast two dunensions and preferably m three dimensions.
The probe preferably compnrises one of a traditional coordinate measuring machine (CMM)

stvius, a evhindrical stvius, an ultra-smooth styhus, a rectangular stylus, a wheel or disk stvlus,

h

3

L
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and a tapered sivlus. However, this invention % not Hmited to the histed styl and may be any
type of stylus known to a person of skill m the art.
The micro-electrical discharge based wetrology system of this nvention

further mcludes a control unit with a sensing circuit (also known as a discharge cireuft) and a

1.4

controtler or the enc machime. The sensing cuawt 18 electneally connected o the probe and
the work piece. The sensmg carcunt preferably comprises a resistor-capacuor (RCY circut that
runs on & natural frequency of the chosen component values, Alternatively, the sensing circutl
may comprise a pulsed direct current (DO} generator with a frequency selected by a
wavelonn generator,

j in operation, the cne machine moves the probe in proximity 1o the work piece,
as a gap beiwesn the work piece and the probe becomes suificiently small a dielectnie
breakdown occars and a position of at least one of the probe and the work picce 18 recorded,
preferably on a recordable mediom n the control umit andior the ene machine. The ¢ne
machne then moves the probe {0 another position in proxinuty o the work piece o record

13 another position. This process is repeated until the work piece 1x dimensioned, as negded. Ina
;};’Zﬁi"i..?:ﬁlt‘.t‘,‘-@d ambod nwmt,& d spafksen- ergy -i’ﬁ.’:;%ﬁi{;il‘lg if;‘t'{}flt’ﬂ;_ the dislecine breakdown does not cause
damage to & surface of the work piece. In an embodiment, the spark energy resulting from the
dielectric breakdown 15 less than 2.6 nanojoules (nl},  In another embodiment, the spark
enargy resutiing from the dielectnie breakdown 1 less than 0500 nanojonles. In another

2 embodiment, the spark energy resulting from the dielectnic breakdown is less than 0.020
nanojoules.

In another prefemred smbodiment of this mveniion, the nucro-electrical
discharge machine for non-contact mweasuring of this mvention 18 a stand-alone machine that

mcludes an isolated probe svstemy, a stand-alone control box, a control cable and coded

B
1.

mstructions to mierface with a third-party micro electrical discharge machime andior a third-
party ¢nc machine. In another embodnment, the micro-electnical discharge machine can be

retrofs onto existmy pEDM as well as hcensed and distobuted with new gEDM platforms.

BRIEF DESCRIPTION OF THE DRAWINGS

30 These and other objects and features of tus mvention will be better understood
from the [ollowmg detatled deseniption faken i conjunchion with the drawings, wherein;
Fig. 1 15 g schematic drawmg of 8 mucro-electrical discharge based mairology

systemy according to one embodiment of this invention;

SUBMTITUTE SHEET (RULE 26)
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Fig. 2 shows a semsing Cirewtt according to a preferred embodiment of this
mveniion;
Fig. 3 shows a preferred embodiment of a probe that may be used with the

micro-glecirical discharze based metrology svstem of Fig. 1;

g, w'

S Figs., 4.1 to 4.7 show various alternative probes that may be used with the
nucro-elecinesl cii?s-char-ge based metrology system of Fig. 1;

Fizs, 5.1 and 52 show 3 pair of probes thal may be used with the micro-
electrical discharge based metrology system of Fig. 1 and sarface deformations resultmy
from each probe;

10 Fig. 6 shows a pair of graphs showing measurement repeatability of the nucro-
electrical discharge based melrology sysiem of this wvention; and

Fie. 7 shows a carbide nozzle and a 3-D mapping of the carbide nozzie.

DESCRIFTION OF PREFERRED EMBODIMENTS
I3 Fiz. 1 15 a schematie dingram showing a preferred embodiment of a micro-

electrical discharge (pEDM) based metrology system 10 of this invention. The pEDM-based
metrology system 10 provides a nou-contact, non -destractive, on-board metrology system.
The uEDM-based metrolopy system 10 of this embodiment includes a control unit 12 fiw

operating the plEDM-based metrology system 10, a spindle probe 14, a mucro-glectrical

)

3 discharge machimie 16 and a tank I8 with & work surface 20 and hlled with a dielectric fud

22
In a preferred embodunent, the control unit 12 moludes a sensing oircut 24
(also known as a discharge cirow n that 18 electrically connected to the spindie pr-obe- 4 and o

23 capaciior (RCY circuit that runs on a natural .fi"equency of the chosen component valugs. Fig. 2
shows a deladed cweett lavout for a preferred embodiment of the sensing circul 24 of tius
mvention. The cuowmt of Fig, 2 wmciudes connection 1o probe M), connection lrom probe 60
and conneciions to a conirol cirowit 7. In an aliermative embodiment, the sensing cireuit 24
may comprise a pulsed direct cwrrent {DC) genenator with a frequency selected by a

30 wavelom generator,

in g preferred embodiment, the sensing circuit 24 15 designed to operate at

pico-foule enerpy fevels, such as 5-20 volis and 10 pF, {0 prevent damaging the work precs

LF
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18y, However, the sensing civcuit 24 can be designed 10 operate at any energy level that
provides non~destructive metrology.
it the embodiment of Fig. |, the control umit 12 further ncludes a controdler

26 for providing instructions 1o the gEDM 16, The controlier 26 18 connected to the pEDM

1.4

16 via a control cable 28, In a prefened embodiment, the controller 26 meludes coded

mistructions  {software andior hardware) to provide a user-independent, closed-loop,

metrology system. Whete the coded mstructions may <comprises a recordable mediam in

combination with a data processor. The control wmt 12 13 preferably platiorm-independent,

capable of providing the necessary input/output {0} to commumicate motton and detection

1) on various third-party machining platforms. This will allow for the aFDM-based metrology

system 18 be mounted on thud-party plattorins, working as on-board micro-melrsliogy

system mn addifion {0 the machinmy aspects of the third-party platformy. The pEDM-based

metrology system 10 is preferably capable of working directly wath thurd~party platforms as a

seif~adaptive micro~-machining platform. In the embodiment of Fig. 1, the control anit 12 is

13 shown as a separate component. However, n an alternative ambodiment. the control unit 12
can be manufactared as a component or a feature of the gBDM 16

i the embodiment of Fig. 1, the pEDM 16 includes a mechanism 34 for

positioning the spindle probe 14 and a recetver 30 for connecting the spindle probe 14 to the

ab DM 16, In a preferred embodiment, the mechanism ot positionming the spindle probe 14 1

20 a compuder manencal controlled {ene) machme that 15 capable of moving the probe 14 1 at

»

least two dimensions and preferably m three dunensions. In g preferred embodiment of this
wvention, the mechamsm 34 for conirolling the position of probe 14 is controliable from the
controt umi 12,

Preferably, the recetver 30 15 a double V-groove mandrel holder that allows

B
1.

the probe 14 1o be removed from the pEDM 16 and later retumed for additional measuring
with fittle necessary postiional calibration. The double V-groove mandre! holder mamntams
positional accuracy o less than 0.250 nucrons between mandrels. Allowing micro-
manufactured paris o be measured i sin, and verified prior o removing the mico:
mamafactured parls from the machining platform, In an alternative embodiment, the receiver
30 30 may comprise another means {or connecting the prode 14 to the gEDM 16 melading, lor
example but not finuted to, a spimdleicoliet sysiem and a chucked spindle probe,

When attaching the spindle probe 14 o the recerver 30, the probe 15 preferably

cabibrated. In a preferred erabodiment, the spimdle probe 14 of this mvention 18 cabbrated

$
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using a testing process for CMM calibration, for example, ASME B82.4.1, VDIVDE 217
and I1SO 10360, The testing process for CMM cahbration preferably mclades 21 tesis of
various standards including: Hnear gcouracy for each axis (X, Y, Z); squareness of axes 1o

egch other (XY, XZ, YZ); horizontal and vertical straizhiness of sach axs (X, Y, Z); and

1.4

rotational accuracy of each axis {pich, roll, and vaw of each axi). Bach test wvolves
cotlecting data by meaquning & series of gauges as defined, and many {hmes calibrated and
provided, by the National Institute of Standards and Technology.

The spindle probe 14 can have varons :‘shapzas and 31485 de;wndmg on the

1 (WEDG} is a process for tool formation that allows for the creation of mois with various

shapes and sizes. The probe 14 1s preferably machined with the WEDG process to an optumal

shape for individual part measuarement. Fig. 3 shows a preferred embodiment of the probe 14

of this mvention comprising a cyhindrical probe with a rounded conical tip. Figs. 4.1 - 47

show seven altemative embodimenis of probes that may be used with the pEDM-based

13 metrolozy svstem 10 of this wvention. Fig, 4.1 13 a probe for high aspect ratio forms. Fig. 4.2

ts a traditional OMM stylus, Figo 4.3 18 a disk or wheel probe used to measure a variety of

fegtures gl udixlg, but not hnuted 1o, side~walls, reverse 'l‘apezrs and threads, Fig. 44158

sivie. b ig 46 13 8 reﬂtﬁnguiar stylus oy mﬁa‘isurirzeg mside comer radn. b 47 18 a

2 specialized tool for measuning the bottom radn withst V-chanoels and tapered holes.

However, 1t should be undersiood that the probe 14 15 not hnuted to the shapes of Figs. 2 and
3,137 and can have any shape necessary {or measuring a conponent with this invention.

As shown in Fig. 1, the pﬁfi?il'}.i\"i 16 further mcludes the tank 1§ with the work

surface 20, In a preferred embodiment, the tank 18 is filled with a dielectric flud 22 however,

23 tha tank does not requure the dielectric thud 22, In a preferred smbodiment, the dielecinic

fhad 232 comprises a standard gEDM dielectnie fluid. Including, for example but not hnuied

tos, the fhuds hsted in Table 2

[Fluid Nawe | Viscosity | Dielectsic Stengih | Specific Gravity
;EDM 3} 34 ¢St High a_:b-;,z
S (centistrokes) |
Jonoplus 2.8 ¢St Hioh {3,793
EDM 185 187 ¢St :

Tahle 2
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However, the dielecine fluid 22 15 not limited to the diglectric flusds histed 1y Table 2 and
may comprises any thad which allows for a dielecine breakdown fo occur as the probe 14 s
brought into close proximuty with the work piece 100, In an aliernative embodiment, the

diglectric fluid 22 mav comprise a pas mcluding, for example, air and argon eas.

1.4

in an embodument of the mvenuon, the uEDM 16 further tnchudes 3 plattorm

32 that allows for the position of the work piece 100 o be adjusted 1n at least two dimensions
and preferably n three dimensions.

in operation, the control unit 12 with the controller 26 mstruels the pEDM 16

andior the cne machne 34 to move the probe 14 m proxymity to the work prece 100, as & gap

[0 between the work piece 100 and the probe [4 becomes sufliciently small a dielectnic

breakdown occurs, Upon defection of a currend flux due 1o the diglectric breakdown the probe

{4 15 halted and coordinates of the probe 14 are recorded. The yEDM 16 then moves the

probe 14 to another position in proximiy to the work prece until another dielectric

breakdown oceurs and gnother position is recorded, This process is repegted unil the work

13 piece 10 is dimensioned, as needed. For example, when measuring relatively flat surfaces,

the pEDM 16 moves the probe 14 ten ncrons i a vertical direction (z-axis) until a divlectie

breakdown ocours and a position of the probe is recorded, The probe 14 is moved in the

reverse vertical divection, then moved ten mictons i a fateraf divection {x-axis andfor y-axis)

and the probe 14 18 then lowered agamn witd another dielectrnic breakdown occwrs and the

20 position of the probe is recorded agamn. The movement of the probe 14 n the x-axag, y-axis

and z-axis may be varied as necessary depending on the material and the surfnce features of

the work piece 100, In a preferred embodiment, a spark energy resuliing from the disleciric

breakdown does not cause damage to a surface of the work prece 100, In one embodiment,

the spark enerpy resulting from the dielectric breakdown i less than 2.0 nanojoules. In

B
1.

another embodunent, the spark enercy resulting from the dielectric breakdown 18 lzss than
0.500 nanojoules. In another embodiment, the spak energy resulting from the dieleciric

breakdown 15 fess than 0.020 nanojoudes.

The uEDM hased metrology system 10 of this invention was {ested using two

types of sensor probes, four types of materials and at various energy levels (o determine
30 winch varables have the most impact on surface delormanon, The two types of probes fested
mcluded a evhmdnical probe with a flat end and a ovimndrical probe with a rounded comeal tip
probe. The four fype of muterials meluded stamnless sieel, molvbdenum, gold and platinum.

The testimg was done with g foces on two fundamental aspecis: repeatabihity and surface

v >
$
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deformation. The testing was accomplished in-an operating machine shop, uang a standard

DM dielectric fluid (EDM 303 and wath no additional cleanmng processes of either the
sensor probes or the fest materials,
Table 3 shows elecirieal vanables and thew level of mmpact on swiace

deformation.

".’sfafrmb}e

energy level had futle mapact on surface deformation. However, at fugher ﬂinges ;gremer

than 20V, the chance of dielectnie breakdown and stray discharges creating teli-lale EDM
miarks increases. Lower voltapes, fess than 3V, were also less reliable as they were below the
SV osupply of the sensing civentt reducing the sensing capability of this wivention and
possibility resulhing i the probe contacting and marking the work piece,

The testing also rev saled that the sensitivity of the discharge circuit was
n&aﬂi}r ] }1{250115&@&1@11 tial. 1f the Sen'isitixfit}f was sef t(}'{} hi;gh,t gr&&ier than 75%, the svstem could

The testing also revealed that a positive voltage polanty had a8 much more
$i.£;zniﬁﬁm1 :i‘mp-as::t on surface deformation than did a negative voltage ;:m-afl.arit;v, From this
-2y @El\ with respect to the sub t“.«:."h"a;iff..

The testng was conducted with two tvpes of probes a strapht D0 degree
cyhnder and & rounded conical ovhinder. 1t was deternuned that the shape of the probe hag &
great impact on the non-contact charactenstic of the process of thas mvention. Figs. 5.1 and

5.2 show each of the probes and the resulting swrface deformation on Platnum. Fig. 5.4

shows the straight 90 depree cvlinder probe and the resulting surface deformation of the

Platinum at 6% room. F i, 5.2 shows the rounded conical wlmder probe and the resalimg
surface deformation of the Platinum at 3080x zoom. These Figures shows how a Hat surface
probe was more prone o surlgce contact and gnnding, while a rounded surlface probe was

maore religbly non-contact, It was giso determined that lower feed vates were necessary for flat

SENSOLS 10 achieve cmﬁﬁpamf{j{!e results with more rounded sensors. The p&‘.ﬁbe&' were both nm

at Smnymin
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Please note that the tested cwouit etilized 3 3V supply of the sensing cireatt,
However, the SV supply of the sensing civeutt need not be 3V and can be designed o operate
at g higher or lower voltage which may change the elecirical vanables and their level of

impact on surface deformation describe above.

1.4

Repeatability is a key aspect of this invention as any surface erosion can alier
future positioning. The non-destructive nature of this process minimizes errors that are
caused by surface sroston. Fig. 6 shows a 50 sample segment of how the process repetitively
measured a single hine. The standard deviation of the Bne measarements was n the range of

FO0nm, with a maamant of 30nm and 8 munnuen of 80nm.

10 As a final test of the process, a work plece was measured and checked for
imperfections. Mz 7 shows a3 polished nozzle and a cut-away of s mapped form. The
polished nozzle was measured using a brute force algorithm and then mapped separately. The
mapping was prepared to expose any mconsisiencies, or shelves, created by the conventional
machining process, The result 15 the graph of a smooth fonn, The polished nozzle was later

13 inspected {1000} for ‘witness” marks and none were found.

Thus, the testing shows that the pEDM-based wetvology system of this
nvention can be an effective metrology tol. The prime variables affecting the process are
voltage polarity. energy and probe shape. Other variables were found to be inconsequential
except at ihe extremes, winle others, with the optinuzation of electrode form, were shifted to

200 benelit the process, such as feed rates and voltage potentials.

metrology system. The mucro-electrical discharge machine based metrology systent is a non-
contact, non~destructive, and onboard metrology system capable of in-process quahty

assurance/quality control.

B
1.

it will be appreciated that details of the foregoing embodiments, given for
purposes of dlustration, are not o be consinwed as lamting the scope of this nvention.
Although only a few exemplary embodiments of this mvenntion have been described 1 detad

above, those skilled m the art will readily appreciate that many modifications are possible
the sxenplary embodiments without materially departing from the novel teachings and
30 advantages of thas mvention. Accordimgly, all such modificabons are mtended to be included
within the scope of this mvention, which s defined m the followmg claims and all
equivalents thereto, Further, if 18 recognized that many smbodiments may be conceived that

do not achieve all of the advantages of some embodiments, particalagly of the preferred

1
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embodiments, vet the absence of a particular advantage shall not be constreed (0 necessanty

mean that such an embodiment 15 outside the scope of the present imvenhion,

H
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WE CLAIM:
1. A system for non-contact metrology comprising:

a control unit including a sensing circuit and a controller;

a micro-electrical discharge machine in communication with the control unit, the

micro-electrical discharge machine including a receiver to hold the spindle probe;

a mechanism in communication with the control unit for moving the spindle probe

in at least two dimensions:

a work piece positioned on a work surface;

wherein the mechanism receives instructions from the controller to move the
spindle probe from a distal position in relation to the work piece to a proximal
position in relation to the work piece, thereby decreasing the magnitude of a gap
defining the distance therebetween; and wherein the sensing circuit receives

instructions from the controller to apply a voltage to the spindle probe;

whereby movement of the spindle probe toward the proximal position reduces the
magnitude of the gap sufficiently to permit the sensing circuit to detect a current

flux;

whereby a position of the spindle probe 1s recorded as a function of the current

flux; and

12
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wherein the applied voltage 1s selected such that an energy resulting from the

applied voltage does not cause damage to a surftace ot the work piece.

2. The system for non-contact metrology of Claim 1, wherein the sensing circuit
comprises a resistor-capacitor (RC) circuit and the sensing circuit runs on a natural

frequency.

3. The system for non-contact metrology of Claim 1, wherein the receiver comprises

a spindle/collet system.

4, The system for non-contact metrology of Claim 1, wherein the receiver comprises

a double V-groove mandrel holder.

S. The system for non-contact metrology of Claim 1, wherein the spindle probe
comprises one of a cylindrical probe with a rounded conical tip, a traditional CMM
stylus, a cylindrical stylus, an ultra-smooth stylus, a rectangular stylus, a wheel

stylus and a tapered stylus.

0. The system for non-contact metrology of Claim 1, wherein the work piece
comprises a conductive material including one of stainless steel, platinum,

titantum, gold and molybdenum.

7. The system for non-contact metrology of Claim 1, wherein the energy resulting

from the applied voltage 1s less than 2.0 nanojoules.

8. The system for non-contact metrology of Claim 1, wherein the energy resulting

from the applied voltage is less than 0.500 nanojoules.

CA 2833909 2018-08-01



10.

11.

12.

13.

The system for non-contact metrology of Claim 1, wheremn the energy resulting

from the applied voltage 1s less than 0.020 nanojoules.

The system for non-contact metrology of Claim 1, wherein the spindle probe is

electrically 1solated.

The system for non-contact metrology of Claim 1, wherein the micro-electrical

discharge machine is further capable of operating as a material erosion machine.

The system for non-contact metrology of Claim 1, wherein the mechanism for
moving the spindle probe in at least two dimensions comprises a computer

numerical control machine.

A system for non-contact metrology comprising:

a control unit including a sensing circuit and a CNC controller;

a CNC machine in connection with the CNC controller, the CNC machine

including a machining arm and a drive mechanism for moving the machining arm;

a spindle probe in electrical connection with the sensing circuit, the spindle probe

mounted to the machining arm;

a work piece positioned on a work surface;

wherein the control unit controls the drive mechanism to move the machining arm
and the spindle probe from a distal position in relation to the work piece to a
proximal position in relation to the work piece, thereby decreasing the magnitude

of a gap defining the distance between the work piece and the spindle probe; and

14

CA 2833909 2018-08-01



wherein the sensing circuit receives instructions from the control unit to apply a

voltage to the spindle probe;

whereby movement of the spindle probe toward the proximal position reduces the
magnitude of the gap sufficiently to permit the sensing circuit to detect a current

flux:

whereby a position of the spindle probe 1s recorded as a tunction of the current

flux; and

wherein the applied voltage 1s selected such that an energy resulting from the

applied voltage does not cause damage to a surface of the work piece.

14.  The system for non-contact metrology of Claim 13, wherein the sensing circuit

comprises a resistor-capacitor (RC) circutt.

15. The system for non-contact metrology of Claim 13, wherein the sensing circuit
comprises a pulsed direct current (DC) generator with a frequency selected by a

wavelorm generator.

16.  The system for non-contact metrology of Claim 13, wherein the spindle probe

comprises one of a cylindrical probe with a rounded conical tip, a traditional CMM

stylus, a cylindrical stylus, an ultra-smooth stylus, a rectangular stylus, a wheel

17.  The system for non-contact metrology of Claim 13, wherein the energy resulting

from the applied voltage is less than 2.0 nanojoules.

15
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18.  The system for non-contact metrology of Claim 13, wherein the spindle probe 18

electrically 1solated.

19.  The system for non-contact metrology of Claim 13, wherein the CNC machine 1s

further capable of operating as a material erosion machine.

20. A method of operating a micro-electrical discharge machine as a non-contact

metrology machine comprising:

connecting a control unit to the micro-electrical discharge machine, wherein the
control unit includes a sensing circuit and a spindle probe in electrical connection

with the sensing circuit;

operating the micro-electrical discharge machine to move the spindle probe from a
distal position in relation to a work piece to be measured to a proximal position 1n
relation to the work piece, thereby decreasing the magnitude of a gap defining the
distance therebetween; and to apply a voltage to the spindle probe wherein the
applied voltage 1s selected such that an energy resulting from the applied voltage

does not cause damage to a surface of the work piece;

whereby the sensing circuit senses a current flux as the magnitude ot the gap

between the work piece and the spindle probe becomes sufficiently small; and

recording a position of the spindle probe as a function of the current tlux.

16
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