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b polished s rotatably mounted on the

and is movible together with the support

the gemstone into and outl of contact with
2

drivie weans 107 i« prodiced for rotatably driving  the  holding

mears  relative  te L5 support arrangesent.  The  machine 70

includes @ centrel weans fur conlrolling operation of the <aid

g¢rive rozans 112 2nd this the rotation cf the holding means 102
relative 1o the support arrangement 76.
moniters a polishing rate of the gemstone at cach of a plurality
of predetcrwined positicns of a revolution of the holding 1¢ans
102

about the support arringtment 76 and sends data representa-

tive of the polishing ra2te al the said positions of the hol ving

moans 162 to the contrel means, the control means controlline the
drive means 112 to position the holding means 102 at taat

pesition at which the said oplimum polishing rate is achicves

GB 2 168 276 A

suppert arrangement 76
arrangement 76 to move

the polishing means. A

A monitoriny means 26

FiIG 1.
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hence the nolding ricans.

N2 reciprocating mesns mayz comorise an elecliric mctor

wnich has a cam-like foraation on an ou* pul shaft thersof, the
cam-iike fommition co-ococrating with a pais of soiced  falicuer
foomations prajerting fram Lhe hcusing with the cem-live forma-
tion entending betuzen the follower formationg

ne orive means may conprise a stepper wmotor for
3 ihe holding m2ans in a stepaise mannar relalive to the
support  arrangonent 1o provide tho said posilions at which tha
5 th2 potishing rate ¢f the gemstone by
mrans,  the holding means bzing mounted rotatably
fast with, but axially slidable relative to, an output shaft of
P arTEn et eitending fran the wLinper mator. For
example, the stepper motor may rotate the halding means through

0
300 , with the polishing rate of the gemstene being sampled at

ADNO0O0072
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M=ans nay  Coagrise an inductive transducer for monitoring  ihz
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Tz transducer way comprise a2 least ona coil which is
oot T he r - 3 1
citicaoie 0y a sijnal of a predetermpinad freguency for generating

T R o 1 [ . PR
Fosicion o0 the bocy relative to the su--aort arransenant

T o rese PRl e 3 I 3 :
VR Lraneaucer inay inglude prolossing circuitey  far
processing variations in impodence of the coil as a result of the

AAdv e Yesne .
eacy-current  losses to provide an OULput voitage signal which is

Yooprcperiional to Lhe rale at which miterial is  reagved
from the gemstone by the polishing mcans.  The <aid output

voltlage signal may be an_analoy DC voltage siynal which is fed to

AP0 00072
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Pt conirol oans, the coates] woans inclading an enalog Lo

AT T0aY cunverior Toc cosoriing Lhe signal tooa digital o signal

Lo be prucessed Yy oa microseosoes,or of the control mrans.
F i

The transducer may include two coils, a first coil
sensing the mcvement of the body and the resultant Josses with a
second  coil serving as a coupensating coil to balance and cancel

the effects of tumperature change.

In another embodiment of the invention, the monitoring
means  mdy comprise a capacitive transducer having a first plate
mounted fast with the body of the holding m2ans to be rotatable
therewith and a second plate mounted on the support arrangement

parallel to and spaced fron the first plate.

The capaciﬁive transducer may be arranged in a Wheat-
stone bridge arrangcment which is set to provide a null output
prior to comsencing polishing of the gemstone.  The capacitive
transducer may be respornsive to removal of material from  the
gemstone by the polishing means, the said removal of material
causing a change of capacitance of the trensducer which results
in the Whcatstone bridge beconing unbalanced to generate an
output signal which 1is inversely proportional to the rate at

which material is rcomoved frum the grmstone, the gencrated signal

P

being fed lo, and processed by, a wicroprocessor of the control

means., —
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fhose  skilled in the art will appreciate that any
change in Bhe o disitance betyeon the body 2nd the supgport  arrange-
wobooaill cvesna chacge o Lhe fopedance of  the  induciive
Lransduser  or  Uhe capacitive Lransducer, as the case may be.
ilence, any material removed from the gumslone as it is polished
will cause the impedance to change. Further, when the gemstone
is oriented relative to the polishing means so that it is being
polished along its grain, material will be removed more rapidly
than will be the case when the gemstone is being polished across,
or ajainst the grain. Hence, the rate of change of the impedance

will be indicalive of the polishing rate of the gemstone.

According to a second aspect of the invention, there is
provided a method of polishing a gemstone which includes

mounting the gemstone in a holding means which is rotatable about

a substantially vertical exis;

bringing a portion of a surface of the gemstone into contact
with the polishing means;

rotating the holding means through a revolution ebout the
said vertical axis;

manitoring the rate at which material is removed from tLhe
said portion of the surface of the gemstorne at predetennined
positions of the revolution of.the holding means and generaling
an electrical output signal representative of the ratle of-remova]
of material fram the said portion of the surface of the gemstone

at each position;

processing the signals so generated to ascertain at which

position of the revolution of the holding means the optimum rate

e T -
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chuindng ihe holdicg ans Lo Lho said resition at owhich

the  opiicun rate of rossval of waterial frea the  gemstone s
achicved and comqencing polishing of that portion of the surface

of the gemstone.

The method may include mountfng the gemstone in a
holdsr mounted at an end of a rotatable shaft arranged at an
angle relative te the said vertical axis abo.t which the holding
nzans is rotatable, and adjusting the angle of the shaft relative

to the wvertical axis to align the gemstone relative to the

polishing mecans.

The method may thus dinclude, after sarpling and
polishing the said portion of the surface of the grustone,
Tifting the gomsteone off the polishing mezns, rotating the
rotatable shaft through a predeternined arc to bring another
portion of ihe surface into position to be paiished, bringing the
said next portion of the surface of the gomsione into contact
with the polishing means, and repeating  the sanpling  and
polishing process cn the said meat portion ¢f the surface of the

gomslone,

The holding weans may be suspended from a support

arrangement  via a body which is axially displaccable along the

)
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sridviociical adis e2lalive to whe wuport arrangooont, and ihe
wiihod oty e dnctula wiaiioring the ecate of  rowesal of
ecial o Teea dhe pockioa of the g Tace of  dta oot by
Eonitoring  Lhe acdial disglaceaent of the holding wecans relative

to Lhe support arcangement, the axial displacement of the holding

means being proportional to the rate of removal of the material.

In one embodiment of the invention, the methed way
include 'monitoring the axial displacement of the holding mcans
relative to the support arrangement by means of an inductive

transducer.

The method may thus include causing lines of magnet*c
flux to be generated in the body of the holding means to cause
eddy-current losses in the body, and monitoring variations in the
impedance of the transducer as a result of the losses to produce
the electrical output signal, the signal being an analog signal
which is directly proportional to the rate of removal of material

from the portion of the surface of the gemstone being polished.

The method may include converting the analog signal to
a digital signal for processing by a control means which controls

the polishing of the geinstone.

In another embodiment of the invention, the method may
include mwonitoring the axial displacement of the holding means
relative to the support arrangement by means of a capacitive

transducer.

BAD ORIGINAL @
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wact pacallel 57 4ies, A first plale hedng countod fast with Eho
support arcangoacnt and a sccond plate being mountled  fast with
the budy of the holding wcans to be rotatable therewith, and the
mathod may include monitoring variations in the capacitance of
the transducer due tb variations in the spacing botucen the
plates, the spacing betwesn tha plates baing veriable in response
Lo the rewoval of material from the sortion of the surface of the

gmasione.

The mcthod may include connecting the plates in an  arm
of a Wheatstone bridge arrangement and initially balancing the
wheatstone  bridje arrangement to provide a null output prior 1o
comaencing  polishing of the portion of the surfzce of the gem-
stone, the remroval of material from the porticn of the goimstone
causing the Wheatstone bridge arranjement to beceme unbalanced to
generate  the said electrical output signal which s inversely
proportional to the rate of removal of material from the portion
of the surface of the geastone, the output signal being an analog

signal.

The wethod may include converting the analog sijnal to
a digital signal for processing by a control neans which controls

thie polishing of the geustone.

The dnvention is now described by way of example with

reference to the accoapanying diagrammatic drawings.
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G UL s Y Ly Coctioned aide vicw of a ERE DRI
sachine, din accortioce with a first asyect of the invention, for
polishing gouastones;

Figure 2 shows a plan view of a polishing machine, in
7

accurdsnce wilh a second aspect of the invention, for polishing
gonstones;

Figure 3 shcws a side view of the machine of Fiqure 2 with a
portion thercof onitted for the sake of clarity;

Fijures 4A to 4D show a circuit diagram of contirol circuitry
of the machine of Figures 2 and 3;

Figure 5 shows a block diagram illustrating the relatiorship
between the circuitls illustrated in Figures 4A to 4D;

Figure 6 shows a schermitic block diagram of a transducer
circuit of tha wachine of Ficures 2 and 3; and

Figures 7A and 78 and Figure 8 show flow charts of

controlling software of the michine of Figures 2 and 3.

Referring {irstly to Figure 1 of the drawirgs, a
polishing machine in accordance with a first aspect of the
invention  for nolishing a gzmstone such as a diarsnd s
designated generally by the reference numeral 100 The polishing
machine 10 includes a support arrangement 12 which, in use, s
moanted  2bhove a polishing means 14 cumprising a rotatable scaive

16 mountcd on a bench 18.

BAD ORIGINAL @
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N operkari 12 ds pivatally ow dooen 2
‘v.f ) 3 1 i o , i ? fie AR i \4 ' o 1

yfwu 21 CUHtﬁgﬂfﬁj Aty o s (b shogn) for MQViJj 1o
w70 dn Lhe divociion ol acinss 26, Tha  fousing 24 also
contains  a reciprocating woans {also not shown) for iagarting a

reciprocating  olion Lo the amn 20 and hoace the support arrange-

A holding means 28 is rotatably mounted on the supuort
arrangoeent 12, The holding moans 28 coaprises a holder 30 in
which a diaaond 32 is receivable,  The holder 30 is vnunted on
the end of a shaft 34 which is rotatably mounted in a housing 36.
The machine 10 includes a drive woans in the form of an  electric
motor 37 rotatably driving the shaft 34 as will be discussed in
greatoer  detail below. A wora gear 33 is driven by the electric
rator 37. The worn gear 38 co-o,.crates with a spur gear 40

mounted rotatably fast with the shaft 34,

The housing 36 is pivetally mounted via a pivot pin 41

on a bracket 43,

The polishing machine 10 further includes a drive moans
42 for rotatadly driving the holding means 28 rclative to the
sunnert arrangoment 12, The drive m-ans A2 comprises a  stepper
sotor 44 driving an walpui shoft 460 The bracketl 43 of  the
holding mrens 723 is wounted rotatably fast with the cuiput shaft

AG of the drive means 42.

BAD GRIGINAL @



[ N VY Tarihare deaYates A i i means 43
T 1 by SRS \i‘lj rato sl e dyoad 4 by Lha osoiivao
S o I rl }J iy 3 15 ¢ (,‘-!j :—) 10 e v nt ns (‘ L

) Tor wontenl g Lo oLaracion of Lthe machice 10.

The wonitoring means 48 cowprises a  capacitive
transducer 50 which includes a first plate 52 mounted fast wilh
the support arrangerent 12 and a seccond plate 54 wounted on  the
Uracket 43 of the holdiry weans 28. Thus, it will be appreciated
that Lhe plate 54 §s roizisble relative to the plite 52, The
capacitive transducer 50 is connrcled in a Wheslstone bridze
arrangﬁment of the control means.  The capacitive transducer 50,
also controls the operation of the stepper motor 44 via the

control means.

A connection means comprising a slip ring arranjement
36 s mounted on the output shaft 46 of the drive means 42 for
enzdbling electrical signals to be sent to the wmotor of the

holding m-ans 28.

The chaft 34 of the holding wians 23 is arranjed at  an
angle velative to the output shaft 46 of the drive means 42, Tho
anjle of the shaft 34 relative Lo the output shaft - 45 s
adjustable by weans  of an adiustacnt meoans in the form of a

thimble micreaeter 58,0 A 1otk nut arrangescent 60 is provia~rd fur

enabling  the shaft 34 to be locked in position relative (o the

S
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[nuse, o sel up Lo wachine 10, Lthe Wheatsbone bridge
arranycrent  of the monitogcing weans 18 s balanced so Lhat there
is a zoro oniput Toon Lhe breidge  arveng o nt, The copacitive
transducer 50 is also used Lo Jevel the machine 10 relative to

the polishing wnans 14,

the  cipport arranjesent 12 s leowered onto the

polishiing means 14 in the direction of arrcw 62 so  Llhat the
cianind 32 in the holler 30 is brought into contact with the
0

rotaling scaive 16. The holding means 28 is rotated through 360
and the polishing rete of the diamand by the scaive 16 is sanpled
At predetenainad dntlervals by the capacitive transducer 50, It
will be appreciated that with the provision of a steoper motor
44, the holding wmeans 28 is rotated in a stepaise menner.  For

o
example, the palishing rate is sampled cvery 5 .

Those skilled in tihe ert will appreciate that each
<reioof a dicrond has a undgue grain charactoristic.  To achicve
Lhe  oplicm poliching rate of the dianced 32 the dianond wust he
poliched 2long the grain of the facet, de. the "softest" pertion
of the dinniind, Chace the polishing rate of the dizrznd 32 has
b sampled through a revoluticn of Uie holding means 28 about
the «<haft 46, the holding m:ans 28 returns lo the position at

which the optinum polishing rate has been monitored by the

R BAD ORIGINAL @
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wer g a2 dactuding e dinlder 30, ds mecinrocatad
by ithe reciprocating peans,  heroby causing the diamond 32 1o
sseillate back and  forth redially across the <urface of the

scaive 15,

AP000072

As woterial ds roaoved  from the  dismond 32, the
distance  botwoen  the plates 52 and 54 of the capacitive
Lransducer 50 will change thereby varying the capacitince of  he
transducer 50, and herce its impédance. This causes the “Wheat-
stone  bridge arrargement to becone unbalanced thereby generating
jn cutput signal. The output signal is an analog signal which is
inversely  proportional to the polishing rate of the diamand 32.
Tnis ocutput siznal is fed 10 a microprocessor of the control
means., The microprecessor controls  the stepper motor 44 to

orientate  the diamond 32 to iis correct grain position, and at

-

f
™ R

Lhe sdn2 time autesatically adiusts the prassure on the  diamond

32.

wihen s polishing of {Hc particular ficet of the  diauond
32 tas been completed,  the holder 30 comes into contact with the
scaive 16 causing a signal 10 be seat via the slip ring ar}angc—
et 5% 1o the wicroprusessor of the cenlrol rmirans, The nmicro-
processor  then delivers a counand to the drive means of the  am

70 thervby raising the Spport arranyoment 12 so that the Jismond

32 is clear of the <caive 16. e 7T - BAD ORIGINAL @
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Tocets,  Lhe wobor of ihe boldieg voans 23 0311 roigle the whaft

0
34 thiosagh 22,5 so that the next facet of tie dizeond 32 can be

eoli b, The  copport acreigpooent 12 is ~o1ia 1ooeed a0 Lhe

[
!

direcbicn of arrow 62 so that the <aid noxt ficet of the dianend

32 s Leought dnto conbact with the scaivn 18, The 221903 and
polibisy process 05 thea roprated,

If 1t 3s desired to inapect the <isnend 32 at any stuge

of tho zolishing rrocess, ihe sunport arrarseasnt 12 3s 1iTied by

the arm 20, The support arragngument 12 s ths ivoied sbout the

U
b )
o

.

pivot 2in 22 in the direction of arrcw £3 usingy a handle 66
mounted on lop of the supnort arvengomant 17,

Referring now to Figures 2 and 3 of the drawings, a
polishing wmochine in  accourdance with a swcond a2spect of  the
incoation ds iilastratied and s desigestod genorally by
reforence nuncral 700 In Figuere 3 of the drawings, a cuntrol box
j2  f  thn machinn wilch will be dascrit in creater detai)

velow, is caiticd for the sate of clarity.

In ihis  cwbodivent of Lhe invention,  the michine 70
coiprises a hase plate /4 nountable on a binch top (not shiown)
carrying the rotatable sciive (also not <Pswn).  Although  Lhe

bench top and scaive are not illustrated, it will be appreciated

e et T - BAD ORIGINAL @



that they are the same as the scaive 16 and bench 18 illustrated

in Figure 1.

The machine 70 includes a support arrangement 76
pivotally mounted at a free end of a cantilevered arm or beam 78.
The support arrangement 76 is pivotal on the beam 78 in a
substantially vertical plane. An opposed end of the arm 78 is
mounted on a housing 80. The housing 80 is substantially
vertically displaceable relative to the base plate 74 in the

directicn of arrows 82.

A drive means comprising a DC motor 84 is mounted on
the base plate 74. An eccentric 85 is mounted on an output shaft
88 of the DC motor 84. A projection 90 extends from the housing
80 and abuts against a periphery of the eccentric 86. Thus, by
activating the motor 84 the housing 80 can be raised or lowered,
as desired.  The degree to which the housing 80 can be raised or
Towered is adjustable by an adjustment means 92 comprising a
threaded rod 94, a free end of the threaded rod 94 abutting
against the projection 90. Those skilled in the art will appre-
ciate that the degree to which the housing 80 and therefore the
amn 78 and the support arrangement 76 is raised and lowered s

dependent on the size of the diamond (not shown) being polished.

To effect reciprocatory motion of the diamond back and

forth radially across the scaive, a second drive means in the

AP000072
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form of a DT motor §G6 is mounted on the base pliate 74.

A cam-like formation 98 projects from the output shaft

of the motor 96 and is sandwiched between a pair of follower

. formations 100 extending from the housing 80. As the DC motor 96
- rotates, in use, the housing 80 is caused to reciprocate thereby

-
Ly

oy

- causing reciprocatory motion to be imparted to the support
=

<> arrangement 76.

A holding means 102 is rotatably mounted cn the support
arrangement 76. The holding means 102 comprises a holder 104 in
which a diamond to be polished is receivable. Tne holder 104 is
mounted fast with the end of a shaft 106, the shaft 106 being
rotatab]y mounted in the housing 108. A drive means in the form
of a stepper motor 110 is mounted on the housing.  The stepper
motor 110 drives the shaft 106 in a step-wise manner by means of
a worm gear which engages a spur gear mounted rotatably fast with

the shaft 106.

A further drive means comprising a stepper motor 112 is
also mounted on the support arrangement 76 for rotatably driving
the holding means 102 relative to the support arrangement 76. 1In
this regard, the housing 108 together with its associated output
shaft 106 and stepper motor 110 is pivotally mounted via a pivot
pin 114 on a bracket 116.  The bracket 116 is suspended on a
rotatable output shaft 118 of the support arrangement 76, via a

body (hereinafter referred to as the "targepﬁ) 120.  The target

BAD ORIGINAL @
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120 is mounted rotatably fast with the output shaft 118 of the
support arrangement 76.  The stepper motor 112 drives the output
shaft 118 via a worm gear and spur gear assembly located within

the support arrangement 76.

The shaft 106 of the hoiding means 102 is arranged at
an angle relative to the shaft 118. The -angle of the shaft 106
relative to the shaft 118 is adjustable by means of an adjustment
means in  the form of a thimble micrometer 122. A Tock nut
arrangement 124 is provided for enabling the shaft 106 to be
lTocked in position relative to the output shaft 118. It will be
appreciated that, by adjusting the angle of the shaft 106
relative to the shaft 118, the angle of the diamond relative to

the scaive is also adjusted.

A monitoring means 126 for monitoring the polishing
rate of the diamond by the scaive is mounted on the support
arrangement 76.  The monitoring means 126 is connected to a
control means lccated in the control box 72 for controlling the
operation of the machire 70. The monitoring means 126 comprises
an inductive transducer 128 which will be discussed in greater
detail below with reference to Figure 6 of the drawings. The
inductive transducer monitors the movement of the target 120
relative to the support arrangement 76. Those skilled in the art
will appreciate that as material is removed from a facet of the
diamond being polished, the target 120 will move relative to the

support arrangemen} 76 énd this movement will be monitored by the

AP000072
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Tne analog to digital convertor module 140 cumprisas  a
fast 12 bit analog to digital convertor 172.  This module 140
converts a varying analog signal output by the monitoring ma2ans
126 into a corresponding 12 bit digital word for use bv ths
prciessor module 132, The module 140 also contain: a sample and

ho'd circuit 173 1o orovide stable an:

N o~ 3 . o~ 1. !
CZ Inpdl signats  tx tha

mcdule 140 controls  the beam 78 and hence ensuras a cons*ant

pressure on the dianond being polished.

Th

s¢

steprer motor 1ogic and driver module 142 coanrises
two identical circuits 172, «cne for each stepser mosor 110, 1i2.
Each circuit 174 comprises a steppar motor controller 176, the
output of which 1is connected to a quad Carlington  array
integrated circuit 178. The relevant stepper mator 110 or 112 is

connzcted to its asscciatad circuit 174 via a connector 180.

The DC motor legic and driver module 144 provides bi-
directional contrcl for both the motors 84 and 96. The madule

incudes "brake stcpcing”

capabilities which enables accurate
control  of the DT mitors 84 and 95 and individually variable
speed inputs. The module 143 comprises an audio amplifier 182

which is used to generate a s:w tooth waveform. An output from
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driver 138< for driving tha BC motors 84, 95. The DC moiors 84,90

are connacted to the driver 133 via connectors 185.

The contact sense circuit module 145 provides clean
responss  pulses which are fed into the counter timer controller

of tha timer interrupt controller module 133.  These pul

168 ses
are intzrpreted via an interrupt from the counter timer

(3%}
S
[

centrolier 168 by the processor module 132 which activatss th:
motor &4 thereby terminating further polishing of the facet o
the diamond being polished.  Variable response speed is provided
to ensure the correct 1ifting action of the b2am 78 by the motor
g4. Tne holder 104 of the holding means 102 comprises a pot

104.1 and a ring 104.2.  Thus, the module 145 cemprises  two

enscrs 170, on2 for sensing contact batween tie pot 104.1 and

w

tha scaive, and the other for s2nsing contact betwean the ring

104.2 and the scaivye.

eterring finally to th2 host cemmunication port module
146, this module comprises two D-type Jatches 188 wnich are
connzztsd to a twenty way connector 150. This module 146 enables
the mazhine 70 to be connected to a "host" computer for
monitoring, inter alia, the performance of the machine to ensure
constant operation of the machine, for mcnitoring operation and
fault status of the machine and coupling the machine to a wages
and salaries department to aid in wage calculations for an

operator of the machine., Further, by means of this module 146

APnnanaz?
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Referring now to Figure 6 of the drawings, a schematic
block diagram of a circuit of the monitoring means 126 is shown,
The traasducer 123 comprises a dual coil sensor 192 coipirising a
first coil 194 and a second coil 195.  The senscr 192 mzasuras

mavaman

cr

of the target 120 relative Lo the transducar 128.

The wonitoring 1n2ars 127 coaprises @ dual track voltase
reguiator 138, Tne  regulator 193 has a +87 and a -8 cutput

serving as a voltage supply to all the comoorzents of the circuit

oF thz monitoring means 1256.

The monitoring mzans circuit compri oscillator

—
[
0
ur
jol]
o]

200 connzcted in seri

(A%
]
(4}

s with an autopatic gzin control circuit
202 arnd a buffer {driver 204. Th2 oscillator cscillates at e
predeternined frequency which is in the region of one MHz. The
output signal from the oscillator 200 is fed via a differential

phase detector 205 to the coils 134 and 1G5 of the s=znsor 192.

%5}

2 i3 f=d back wvia the

O

fFaooutput sigral  from  the sensor 1¢
cifferential phase cetector 206 through a buffer driver 208, to a
logarithmic amplifisr 210 where a log signal is converted to a
linear signal and is emplified, through a final buffer amplifier
212 and a sample and hold voltage follower 214 to an analog
output terminal 216. The analog output termminal 216 is connected

to an input terminal 218 of the analog to digital convertor
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Th2 monitoring means 125 cperates on the eddy-currant
Jess principle.  The coils 154 and 185 of the sansor 132 are
activated by the 1 MHz signal from the oscillator 200. Magnetic

flux Tlinss emanating from the coils 194 and 196 at a 1 M4z rate

pass into the target 120 and produce eddy-currents. As the

These impedance variaticns are converted to a B vol-
2 yia the phase d=tlacior 206 which is directly proportional to

veriation: in thz distance b:atwesn th2 target 120 and the sensar

The first coil 194 is an active element which senses
the movement of the target 120 and the second coil 196 serves as
a compensating coil to balance and cancel the effects of tzmpera-

ture changja.

Referring once again to Figure 2 reference is made to
the coatrol box 72 of the machine 70. A1l  the electronic
circuitry including the circuit 130 is housad within the control

box 72.
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YU okdyootrd 120 comprises a disgiay elovont in the
Toonooel e cicTutis aispiay 247 sutaividod dnto e pluraiity of
loiments o Zi7, ot S2NIals LrinI rezsosentziice of facsis ¢f
¢lancnd I[n the embodiment of the inventicn diilusirated, thz

display 220 is «divided into sixtzen segmzats 222, A light
emitting diode (LEID) 224 is arranged in each segment 222. The
LE0's 224 are connected *o connectors 166.1 and 166.2 of the

digital ram port module 13£ of the circuit 120.

energis=d  simultanccusly  din respect of each facat. Gnce

enargised, the LED's 224 remain on so that tiz operator can

monttior  tneg projrzss of the polishing of the facets The LeD's
224 will b2 de-enerzisad when the psiishing process has bazn

G20 LS macning 1s rasen.

The keyboard 160 comprises a plurality of buttons and

may be in the form of a membrane-type keyboard. Thus, the key-

ot

=

board 123 1dincludes a start button 223 with its associated LED

22a, and an "auto" button 230 with its associ L 23

[V
(88
™
[}
™
pad

button 234 is provided for raising and lowsring the housing 80

via the DC motor 84.

A set of buttens 256, 233 and 230 each with an asso-
ciated LED 242 is provided and the button 236, 2238 cor 240 are

operable in dependence gn the numder of facets of the diamond +to
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5, for eqampla,  for a sixti2en facat dias

vated on the pot 104.1 of thz holder 104 making contact with tre

scaiva, either buttons 236 or
operated, depending on whether a
eight facets respectively is to
1ift circuit is to be activated

the hoider 104 with the scaive

Ty

facels, button 238 will b2 oparat

:
o

240 as dascribed above will e
diamond having sixteen facets or
be polished. However, if the

on contact of thz ring 104.2 of

and for a diamond having eignt

Tne keyboard 160 further comprises a "seek on" butizn

244, & seel off" button 246 and a "level” button 243. Fa-h

button 244, 246 and 248 has an LED 250 associated therewith. The

LED's 223, 232, 242 and 250 ars connectad to the connactors 165.3

-1

tn

G

[20)

Gizital ram port moduls 136.

the keyboard 160 further coiprises a pair of buttons

252 for rotating the shaft 106

into contact with the scaive.

to bring a predetermined facet

A further pair of buttons 254 is

provids2 for rotating the hclding m=2ans about the shaft 118 far

varying the orientation of the grain of a predztzrmined facet of

the diamond relative to the ccaive.

Yet a further pair of buttons, the "wass" buttons 256,

is provided for rotating the shaft 106 through fractions of a

degree for bringing various portions of a predetermined facet of

-

\
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3/ 255 15 proviged o0 Tog o w2yol:icd 1iC, f-z

¢

dizplay 253 15 electrically connectsd to temuinal 216 c¢f tne
monitoring means circuit. The display is a digital display and
provides visual indication of the rate of removal of material
from tne facet of the diamond being polished. Tris enables an

operdator of the machine 70 to monitor the rate of removal of

mitzrial  visually and to tale epproprizte action wihen necassary,
ec. by adiusting the orientation of 1o fzzat ¢ the ciaznond

D

revative  to  the scaive to dwprove o

material.

The display 258 «can also be used to calibrate the

initially dinstalled.

wy

transducer 128 when the mwachinz 70 1
Further, ths diszlay 233 aids in lzvsziling tre machinz /0

rzlative to th2 scaive, in use.

Finally, a reset button 250 is provided for resetting
the machine 70. A1l the buttons referrad to above are connected
to a connector 26l {Figure 4D) . of thz gfzripharail  interface

adaptor 162 of the keytoard and steppsr motor interface module

Y]

5 of th:

(O8]

1
1

]

control circuitry 130,

0
In use, the support arrangement is pivoted through 180
in  the vertical plane relative to the tzam 73 so that a diamond
can be placed in the holder 104 of the snaft 105 in the holding

means 102.  The support arrangement 76 is again pivoted through
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po>lished, button 236 is operated and the start button 225 s
cperated. If the machine 70 is to polish all faczets c¢F the
diamond automatically, the button 230 is also operated. The DC
motor 84 is activated to lower the diamond into engagemant with
the rotating scaive and the diamond is” caused to reciprocate

1y back and forth across tho scaive by activatinz iz T

In "auto” operation, the holding means 102 is rotatzd
0
througn 360 and the polishing rate of the diamond in the holder

104 is sampled at predetermined intervals by the incuctive
-

transducer 123. na stepp:r motor 112 rotates the holding means

10z in a

n
i
3

nanner

m

tepwis ,
0
5 idintervals. The facet of the c¢iamond being poiished

ct

saanled a
is indicated by the LED 224 of the relevant segment 222 of the
display 220. Once the polishing rate has been sampled through a
ccmolete  revolution of the holding means 162 by the incuctive
transducer 128 and processed by the circuit 130, the stepper
mitor 112, wunder the control of the circuit 130 returas the
holding means 102 to the position at which the cptimum polishing
rate of that particular facet is achieved and polishing of the

facet of the diamond commences.

AP000072

BAD ORIGINAL £§»



As material is rewoved from the diamand  under the

stign of the scaive, tha target 123 moves relative to the
in4uztive transducer 128. Az the target 120 moves away from the
transducer 128 th2 eddy-current losses are reduced and  these
impedance yariations are sensed by the coils 194 and 195 of the
sensor 192 and are converted to a DC voltage by the phase
detector 206. The DC voltage is processed and is output af the
terminal 216. The DC yoltage signal is then fed to the analog to
digital converior module 140 whercafter it is processed by the
digital processor medule 132. As previously described, the DC
voitage signal output at the terminal 219 iz directly
proportional  to the distance between the target 120 and the

inductive transducer 128.

The analog to digital convertor module 140 at the same
time controls the pressure oOn the diamond via the beam 78 and

ensures constant pressure on the diamond being polished.

When the polishing of the particular facet has been
completed, the pot 104.1 or the ring 104.2, as the case may be,
will come into contact with the scajve and this contact will be
sansed by.the re]e#ant contact sensor 170 of the contact sense
circuit module 145 and an appropriate signal is sent by the
processor module 132 to the DC motor 8% thereby causing the
housing 80 and tnus the beam 78 and the support arrangement 76 to
1ift the holding means 102 clear of the scaive under the action

of the eccentric 86.
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br g2t to the siepnar wonor 110 an. the enafo 108 ds ratalsd
through a predetemained amunt to orisntate the rext fecel of n2

diamond 104 for polisning. In the cas2 of a diamond having
sixteen facets the shaft 106 will be rotated through 22.5 . A
signal is then sent by the processor module to the DC motor 84
thereby causing tne housing 80 and therefore the beam 78 and the
sunport arrangemsnt 76 to b2 Towerad tS bring the said next facet

and

(V)

of +the diamond into ccntact with the scaive. The samplin

polishing process is then ropeatad.

Once all the facets of the diamond have been polished,
a final signal is sent to the DC motor g4 to 1ift the housing 80
and tnereby the holding means 102 clear of the scaive and the
diamond can then bz renovad from the holdar 104.

It will be appreciated that the mach®ne 70 could aiso
be manually operated and the facet to be polished would then be
selected using the buttons 252 and the orientation of that facel
relative to the scaive would be selectad by the buttons 254. By
using the "wass" buttens 256, the facet being polished can be

more accurately aligned relative to thne scaive.

It s an advantage of the invention that the entire
polishing process is conducted automatically without the need for
skilled operatives. Further, the machine 10, 70 can be levelled
and set for use rapidly using the capacitive transducer 50 or the

inductive transducer 128, as the case may be. -
the cost T —

e

e
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CLAIMS
1. A ;::ﬂ.!shmg machine for pO]’!'Sh].ng 2 genstone  which
includes

a support arrangement movably mountable relative to a
polishing means;

a holding means for holding the gemstone to be polished, the
holding means being rotatably mounted on the support arrangement
and being movable together with the support arrangement to move
the gemstone into and out of contact with the polishing means;

a drive means for rotatably driving the hrolding means
relative to the support arrangement;

a controil means for controlling operation of the said drive
means and thus the rotation of the holding means relative to the
support arrangement; and

a monitoring means for menitoring a polishing rate of the
gemstone at each of a plurality of predeiernined positions of a
revolution of the holding means about the support arrangement and
for sending data representative of the polishing rate at the said
positions of the holding means to the control means, the control
means  being opesrable to process the data to determine the
position of the holding means at which an optimum polishing rate
is achieved and to opzrate the drive means to pesition the
holding means at that position at thch the said optimum

polishing rate is achieved.

2. The machine as claimed in Claim 1 which includes a

height-varying means for adjustably varying the height of the

support arrangement and hence the holding means relative to the "

BAD ORIGINAL
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Tishing meoans,

]

3. The machine as clained in Claim 2 in which the suoport
arrangeinent is pivotally mounted on a frez end of a beam which
extends cantilever-fashion from a movable housing, the height-
varying means acting on the housing for adjustably varying the

height of the support arrangement.

4. The machinre as claimed in Claim 3 in which tha height-
varying m2ans comprises an electric moto- having an eccentric
mounted on an output shaft thereof, the eccentric co-operating
with a projection extending from the housing, the position at
which the projection extends from the housing being adjustable to
adjust the degree to which the height-varying means raises and

lowers th2 sunport arrangement relative to *he polising means.

5. The machinz as claimed in Claim 3 or Clain £ which
includes a reciprocating means for imparting a reciprocatory

motion to the support arrangement and hence the holding means.

6. The machine as claimed in Claim 5 in which the recipro-
cating mzans comprises an electric motor which has a cam-like
forination on an output shaft thereof, the cam-like fonnatiqn co-
operating with a pair of spaced follower formations projecting
from  the housing with the cam-like formaticn extending between

the follower formations.
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ctains  in which the driv2 means ceiprises a stippar motor for
rotating the hoiding means in a stepwise manner relative to the

support arrangement to provide the said positions at which the

monitoring means monitors the polishing rate of the gemstone by

the polishing means, the holding means being mounted rotatably
fast with, but axfally slidable relative to, an output shaft of

the support arrangzment extending from the stepper motor.

8. Tne machine as claimed in any one of the preceding
claims in which the holding means cemprises @ housing within
which a shaft is rotatably mounted, at least one end of the shaft
projecting from the housing and a holder for holding the gemstone

being mounted rotatably fast with the said end of the shaft.

9. The machine as claimed in Claim 8 which includss a
second drive means for rotatably driving the shaft of the holding
means, the second drive means being controllable by the control

means,

10. The mackine as claimed in Claim 9 in which the second
drive m=2ans comprises a stepper motor which drives a worm gear
which, in turn, is engageable with a Spur gear mounted rotatably
fast with the shaft of the holding means, the stepper motor, in
use, rotating the shaft in predelermined steps to polish various

portions of a surface of the gemstone in a predetemnined manner.

-
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ii. To2 maching as clairsd dnogoy o2 oot Cixinr & to Qo
inzlusive  dn wnich the shaft iz arran Toan oargiz oroialive to
the supporo arrangement,

12. The machine as claimed in Ci. 11 which includes an

adjustment means for adjusting the ar, = at which the shaft
extends relative to the support arranse. -, the adjusiment means

ccaprising a thimble micrometer.

ci or Claims 7 to 12

1)

13, The machine as claimzd in =7/
inclusive, in which the holding means ir. .des a bracket which is
suspended from the output shaft of the - ..30rt arrangement via a

body.

14. The machine as claimed - ~laim 13 in which tne
monitoring means comprises an inductive -2nscucer for menitoring
the movemsnt of the body relative to thz <.pport arrangement, tne

said movement being caused by removsl <7 material from the gem-

stone under the action of the polishing ~=:2ns.

14 in which the trans-

38

15. The machine as claimad in 1

ducer ccmorises at least one coil which - excitable by a signal
Y Y

1

gnetic

«

of a predetemnined frequency for graz-:ving lines of m
flux which results in eddy-current loussz- in the body, the magni-
tude of the losses being dependent or ~-2 position of the body

relative to the support arrangement. P

e . T.\
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13. Tre miihine as claiwed in Claim 15 in which the trans-
cucer includes processing circuitry for precessing variations in
irpedence of the coil as a result of the eddy-current iesses  to
provide an culput voltage signal which is directly proportional

to the rate at which material is removed from the gemstone by the

polishing means.

17. The machine as claimed in Claim 16 in which the said
output voltage signal is an analog DC voltage signal which is fed
to the control means, the control means including an analog to
digital convertor for converting the signal to a digital signal

to be processed by a microprocessor of the control means.

18. The machine as claimed in any one of Claims 15 to 17
inclusive in which the transducer includes two coils, a first
coil sensing the movement of the body and the resuitent losses
with a sacond coil serving as a compensating coil to balance and

cancel the effects of temperature change

19. The machine as claimed in any one of Claims 1 to 13
inclusive 1in which the monitoring means comprises a capacitive
transducer having a first plate mounted fast with the body of the
holding means to be rotatable therewith and a second plate

mounted on the support arrangement parallel to and spaced from

the first plate.

. s S o gk
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20 Tt omacning as clatgod da Clain 15 in uiion Uz capaci-
+ 7 4 mm - -~ -~ - - v -~ -+ o ey e
stve  Aranicdocer ds arcranged inoa Whoatston2 bridge arrvangomont

wiich 15 s2l to provide a null oulput prior to  conmencing

polishing cf the genstons,

21. The machine as claimed in Claim 20 in which the capaci-
tive transducer 1is responsive to removal of matsrial from the
gemstone by the polishing means, the said removal cof material

causing a changa cf capacitance of the transducer which results

’

in Lhe Wkeitston

(el

bridge becuning unbalanced to gencrate an

-

[s

ocutput signal which is inversely proporticnal to thas rate at
which material is removed from the gemstone, the generatad signal
being fed to, and processed by, & microprocessor of the control

means.

22. AT

[3¢]

thod  of polishing a gemstone which dincludes
mounting th2 gamstcne in a holding m2ans which is rotatable about
a substantially vertical axis;

bringing a portion of a surface of the gemstone into contact
with the polisning means;

rotating the holding mzans through a revolution about the

said vertical axi

%)

monitoring the rate at which meterial is removed from the
said portion of the surface of the gemstone at predetennined
positions of the revolution of the holding means and generating
an electrical output signal representative of the rate of removal

of material from the said portion of the surface of the gemstone

T
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processing the signals so generated to escertain at  which
pcsiticn ¢f the rzJsaiution of the holding means the cptimum  rate
of removal  of matzrial from the portion of tne surface of the
geimstone is achieved; and

returning the holding means to the said position at which
the optimum rate of removal of material from the gemstone is
achiaved and commencing polishing of that portion of the surface

of thz gemstone,

3. The mezthod as claimed in Claim 22 which includes

~N

mounting th

(D

gemstone in a holder mounted at an end of a
rotatable shaft arranged at an angle relative to the said
vertical axis about which the holding means is rotatable, and

adjusting the angie of the shaft relative to the vertical axis to

w
.

align the genstons relative to the polishing mean

24. Tne mathod as claimad in Claim 23 which includes, after
sampling and polishing the said portion of the surface of the
gemstone, 1lifting the gemstone off the polishing means, rotating
the rotatable shaft through a predetermined arc to bring another
portion of the surface into position to be polished, bringing the
said next portion of the surface of the gemstone into contact
with the polishing means, and repeating the sampling and
polishing process on the said next portion of the surface of the

gemstone, N

-
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25. Trz method as clafaszd in any on2 of Cilains 22 to 23
inclusive  ia which the holding means is suspanded frim 2 susnort
arrangement via a body wiich is avially disslaceable aiang  the

said vertical axis relative to the support arrangement, and in
which the method includes monitoring the rate of removal of
material from the portion of the surface of the gemstone by
monitoring the axial displacement of the holding means relative
to the support arrangement, the axial displacement of the holding

m2ans being proportional to the rate of renzval of the material.

26. The methed - as claimed in Claim 25 which includes
monitering the axial displacement of the rolding means relative

to the support arrangemsnt by means of an inductive transducer.

27. The method as claimad in Claim 26 which includes
causing lines of magnetic flux to be generated in the bedy of the
holding means to cause eddy-current losses in the body, and
monitoring variations 1in the impsdance of the transducer as a
result of the losses to produce the electrical output signal, the
signal being an analog signal which is directly proportional to
the rate of removal of material from the portion of the surface

of the gemstone being polished.

28. The method as claimed in Claim 27 which includes
converting the analog signal to a digital signal for processing

by a control means which controls the polishing of the gemstone.

BAD ORIGINAL ﬁ



25. The method as clsimed in Claim 25 which includes
menitoring  the axial displace-:nt of the holding means relative
L0 the surport arrarnizaznt by noans of a capacitive transducer.
30. The method as claimed in Claim 29 in which the capaci-
tive transducer comprises a pair of spaced apart parallel plates,
a first plate being mounted fast with the support arrangement and
a second plate being mounted fast with the body of the holding
means to be rotatable therewith, and in whfch the method includes
monitoring variations in the cepacitance of the transducer dus to
variations in the spacing betwsen the plates, the spacing batween
the plates being variable in response to the removal of material

from the portion of the surface of the gemstone.

31. The method as claimed in Claim 30 which includes
connecting the plates in an amm of a Wheatstone bridge arrange-
ment and initially balancing the Wheatstone bridge arrangemant to
provide a null ocutput prior to commencing polishing of the
portion of the surface of the gemstone, the removal of material
fron the portion of the gemstone causing the Wheatstone bridge
arrangement to becoire unbalanced to generate the said electrical
output signal which is inversely proportional to the rate of
removal of material from the portion of the surface of the gem-

stone, ihe output signal being an analog signal.

32. The method as claimad in Claim 31 which includes
converting the analog signal to a digital signal for processing

by @ control means which controls the polishing of the gemstone.

N ~ BAD ORIGINAL @
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33. A new machinz for polishing a gemstone substantialiy as

cascrided and as illustirated herein.

34, A novel method of polishing a gemstone substantially as
described and as illustrated herein. ‘
NATED this dey of September 1983, ‘
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