JP 2004-530234 A 2004.9.30

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
$53%2004-530234
(P2004-5302344)
(49 A%B  FR16595 308 (2004.9.30)
(51) Int.CL." Fl F—va—F (B%)
GO8C 23/4 GOS8C 23/00 A 2F069
GO1B 21/00 GO1B 21/00 P 2F0O73

BEFRR RERK THREERR KRR ® 18 A

@) HEES #FER2003-505556 (P2003-505556) |(71) HEE A 391002306

(86) (22) HEER ERE 1456 H 148 (2002.86. 14) v=aw RFNVwr YVIFwE A
(85) BIRRSCHR L E ERLI5EE12A 160 (2003.12.16) YIim—

(86) EHFEHERE S PCT/GB2002/002482 RENISHAW PUBLIC LIM
87 EEFLMES W02002/103283 ITED COMPANY

B7) HEAMB EREL45EI2A27H 2002.12.27) BE Yoriz—I+M Dwprr-T¥
(Bl mEIEERES 0114765.1 A——TIw¥ Za—3I0VK (FHHZL)
(32) ®%&H ERL1356R 166 (2001.6. 16) (74) {REB A 100077481

(33) BEEXRE [ (GB) #EL & HF—

(74) fRIEB A 100088915
#EL FE X

(72) BEAE PatHr HB—n Fa—¥
AV ¥—12A16 74—T— 7
VA2V FN)—2 I¥—VIA HA
b TRzZz— 106

B EICHE S

64 [RADOEH] TIFgMA7o—7

GHOO00 “
0000000000000000000000000 N
0000000000000000000000000 Y @mmEMR ]
0000000000000000000000000
0000000000000000000000000 % o
0000000000000000000000000 g%giiﬁ# w |
0000000000000000000000000  Woro ) >{ USART @L00K |
0000000000000000000000000 L © @ USARTOOATA) |
0000000000000000000000000 )
0000000000000000000000000 s
0000000000000000000000000

ogooooooobobobooooooooooooo
ggoooooooon




e R ey [ s R s [y |

e e e e e e e e s |

e e e e e e s e ) s e e e e e s ) R Y Y Iy
e e e e e ) s e e e e e ) s e R Y Y I

Ooooooooo o0 oo oooo o0 o0 o0 oD oooo0ooooooooQgofg

Oooooooooooooood
Oo0ooooooooooooodg

I e e e e I

O

O 0Ooo0oooao

O

O
O
O
O

O
O
O
O
O
O
O

Oooooogdg O

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo

O
]
O
O
O
O

(2) JP 2004-530234 A 2004.9.30

oooooooobooobooooooooao
oooooooobooooooooooao

gooobooboobobooboobobooboao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

O A )

OO0Oo0oo0ooogod
I A
OOoo0oood

=
e [ i e [ Y Y [

o

= Ry [ e [ [ e e R A [ Y i [

€

OoooooooQgooao

O
O
O

oo

O

OO0 oOooo® oo
[ R |
O 0Ooogo

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo

O O
O O
O O

O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

Ooooe oooogooaag

O Oooo
O 0Ooogo

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

oono

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O Oooo

O Oooo

oo

O Oooo
O Ooogoo

O Oooo
O Ooogoo

O

O 0ooo

O 0ooo

O

O 0Oooo

O 0Oooo

O

O Oooo
[ R |
[ R |
[ I Ry |
[ I |
[ I |

O Oooo

oo

g o

O Oooo
O Oooo

)

O

O

O 0oo o

O

oooDoDooooDoooooao
mpd OO0 OD0OODO OworkpiecelO

O

O 0Oooo

[ |

g
a

O

OO0Ooo0ooooao
O O0Ooo0ooooao
O 0O0o0OooOoooao
O0Ooo0oo0oooao
OOoo0ooooaoo
OOoo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
O0Ooo0oo0oooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O O0Oo0oooogoao
OO0Ooo0oo0oooao
OO0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao

JP 2004-530234 A 2004.

u o

codewordO

O
O
0
O

O

g
u
O

O

a
u
O

O

t
u
O

O

g
u
O

.30

O OooOooo

ooooooboooobooooooooobooboocooooooboobooOoon

goooobooboboogobooboobonn
gboooodoaan
odd

u
O
a

O
O

o

od

ugoooaooboadd
ogagaod

oad

O

O

uond

O

O

O

10

20

30

40

50



OOo0oooooooDooDoooooooooodg
OOo0oooooooooDoooooooooodg
OO0 o0ooooooooDooogogooooood
OO0 0o ooogogU0oooDoooggogoooood
OOo0oooooooooooooooooood
Oo0oooooooooDoooooooooodg

O OooOooo
O Ooooo
O O0OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O Ooo0ooo
O Ooo0oono
O Ooooo
O Ooooo
O OoOgoo
O O oO0oogog
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O Oooo

O 0O oo

O 0ooo

4 JP 2004-530234 A 2004.9.30

0ooDo0Do0oo0ooDOoDOo0oooDOoDoDoooDOoDo0DOooDoODoDOoDOooDoODOoDOooOooOao
O00000multi-taskingO

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O
O
O
O
O

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O
OJ
O
O
O
O
O
O
O
O
O
O

Oooooooog
Ooooooodg
OO0 ooooodg
Oooooood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0O0o0Oo0ooogod
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood

O 0Ooo0ooOooao

O Ooo0oooo

O Ooo0oooao

O Oo0oooao

O 0Oo0oo0oo0oao

O 0Ooo0oo0ooao

O Ooo0oooao

O Oooooo

O Ooo0oooao

O Oooo
O
O
[
O
O
O
O
(]
O
O
O
O
O

19

16 =
12 K OFF B2A

ON

10 OFF H2B
18 20—
ON

1M~ or 1 mac




32

(5) JP 2004-530234 A 2004.9.30

30

ooy |

oodaaod
38
U7 W
a-F
7-k
44 42 40

P

TSAE‘I: ( ;E ‘ym
USART (7-5) |

/

r4on70tyY

;



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

0 02/103283 Al

(6)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Inicrnational Burcau

(43) International Publication Date
27 December 2002 (27.12.2002)

PCT

10 0O

(10) International Publication Number

WO 02/103283 Al

{51) International Patent Classification™
GO1D 3/08, GOSC 23/04

GOIB 7/00. (74)

{21) International Application Number: PC1/GB02/02482 o
(22) International Filing Date: 14 June 2002 (14.06.2002)
{25) Filing Language: English
(26) Publication Language: Linglish
{30) Priority Data:
0114765.1 16 June 2001 (16.06.2001)  GB (84)

(71) Applicant (for all designated States excepl US): REN-
TSHAW PLC [GB/GRI; New Mills, Wotton-under-Fdge,

Gloucestershire GL12 8IR (GB).

(72) Inventor; and

{75) Toventor/Applicant (for US orly): FUGE, Jonathan,

Paul [GB/GB]: 106 Guest Avenue, Emersons Green,

Bristol, BS16 7EA (GB).

Declaration under Rule 4.1

Agents: JACKSON, John, Timothy ct al.; Renishaw
PLC, Patont Department, New Mills, Wotron-Under-Edge,
Gloucestershire GL12 8IR (GB).

Designated States (narional): AE. AG, AL, AM, AT, AU,
AZ,BA,BB,BG. BR,BY, BZ. CA, CII, CN, CO, CR, CU,
CZ, DL, DK, DM, DZ, LiC, BL, LS, I'l, GB, GD, GLi, GH,
GM, HR, HU, ID, 11, IN, 18, JP, KI, KG, KP, KR, KZ,
1K, TR, 1.8, I'T, 1.U, IV, MA, MD, MG, MK, MN, M
MX, MZ, NO, N7, OM. PII, PL. PT, RO, RU, 8D. SE. SG,
S, SK, SL. TI, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

Designated States (regionalj: ARIPO patent (GH, GM,
KE, LS. MW, MZ, 8D, SL, §Z, TZ, UG, ZM, Z
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM.
Linropean patent (AL, BL, CH, CY, DL, DK, LS, I'l, IR,
GB, GR, 1L, I'T, LU, MC, NL, PI; SI, TR), OAPI patent
(BE, BJ, CF, CG. CT, CM, GA, GN, GQ, GW, MI, MR,
NE, SN, TD, TG).

z

of inventorship (Rule 4.17¢iv)) for US only

[Continued on next page]

(54) Title: MACHINL TOOL PROBL

32

38
SERIAL 36
CODE
WO\RD j

4 42 )

30

|

1
PWM
—

>{ UsART (cLock) |
USART (DATA) J
USARTIDATA) |

/ _

MICROPROCESSOR

34

{57) Abstract: A probe for position determining apparatus such as a machine rool transmits optical measurement signals [0 a re-
ceiver module. The probe is battery powered and the battery powers light emitting diodes which transmit the optical measurement

signals. ‘Uhe optical measurement signals comprise serially tr

which are

d by a universal synchronous

# asynchronous receiver transmitter ((ISART). The output of the USART is combined with a pulse width modulator which has an
output having the same [orm as the output of the USART bul with reduced duration of cach pulse, thus enhancing the life of the
battery powering the light emitting diedes. The pulse width modulator may also be used to set the timing of the USART.
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MACHINE TOOL PROBE

This invention relates to probes for use on position
determining apparatus such as coordinate measuring
machines, measuring robots and in particular machine

tools.

An example of such a probe is shown in US Patent No.
4,153,998. Probes intended for use on machine tools in
which there is a wireless signal transmission between
the probes and the controller of the machine tool are
shown in Eurcpean Patent Nos. 337669 and 337670.

When used on machine tools such probes are commonly
battery-operated. These probes may transmit
measurement signals optically to a receiver module
however, the power consumption in sending these optical

messages reduces the battery life.

The present invention provides a probe for position
determining apparatus comprising:
signal generating means for generating a signal;
signal transmitting means for transmitting the
signal generated by the signal generating means to a
receiver module in the form of optical pulses;
characterised in that a pulse width modulator is

provided to reduce the duration of each pulse.

Preferably the signal generating means includes a
universal synchronous/asynchronous receiver
transmitter. The pulse width modulator may contrcl the
timing of the universal synchronous/asynchronous

receiver transmitter (USART).

CONFIRMATION COPY

JP 2004-530234 A 2004.9.30
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Preferably the probe is battery powered. The optical
pulses may be generated by LEDs.

A preferred embodiment of the invention will now be
described with reference to the accompanying drawings
wherein:

Fig 1 is a diagrammatic view of the probe on a
machine tool;

Fig 2a is part of a codeword of optical pulses
formed by the universal synchronous/asynchronous
receiver transmitter (USART);

Fig 2b is the output of a pulse width modulator;

Fig 2c is the output of the universal
synchronous/asynchronous receiver transmitter (USART)
and pulse width modulator combined; and

Fig 3 is a schematic diagram showing the formation

of a serial codeword.

Referring to Fig 1, the probe 10 is mounted in the
spindle 12 of a machine tool exchangeably with the
normal cutting tools. The spindle 12 can move the
prcbe in three dimensions x,y,z relative to a workpiece
14 clamped on a table or bed 22 of the machine tool.
Measurements are made by contact between the stylus 11
of the probe and the workpiece. Measurement signals
from the probe are transmitted optically as indicated
by arrow 16 to a receiver module 19 mounted on a fixed
structure 20 of the machine tool. The probe 10 is
battery operated. The battery powers LEDs located
within window 18 which are used tc transmit the optical

measurement signals.

The optical measurement signals indicated by arrow 16

in Fig 1 comprise serially transmitted codewords. Each

JP 2004-530234 A 2004.9.30
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codeword is 8 bits long and comprises a sequence of
on/off pulses. These codewords are generated by signal
generating means, comprising a universal
synchronous/asynchronous receiver transmitter (USART).
A section of codeword formed in this way is shown in
Fig 2a. Typically each pulse is 8 microseconds long
and a new codeword may be transmitted every 16

milliseconds.

Using the universal synchronous/asynchronous receiver
transmitter (USART) alone to generate the codewords has
a disadvantage that as each pulse is relatively long
this results in high power consumption and thus reduced

battery life.

To overcome this disadvantage the universal
synchronous/asynchronous receiver transmitter (USART)
is combined with a pulse width modulator. As shown in
Fig 2B, the pulse width modulator generates a regular
series of pulses of shorter pulse length and with a
shorter time interval between pulses than generated by
the universal synchronous/asynchronous receiver
transmitter (USART). The time between pulses is
typically 8 microseconds and pulse length is typically
2 microseconds. The universal synchronous/asynchronous
receiver transmitter (USART) output is combined with
the pulse width modulator output to provide a chopped
output for transmission. As shown in Fig 2c¢ the form
of this resultant output is the same as the form of the
output of the universal synchronous/asynchronous
receiver transmitter (USART) shown in Fig 2a, however
the duration of each ON pulse has been reduced to equal
that of the pulse width modulator. This reduces the

duration of each LED flash and therefore reduces the

JP 2004-530234 A 2004.9.30
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power consumption of the system. Battery life is

therefore enhanced.

Use of the pulse width modulator in combination with
the universal synchronous/asynchronous receiver
transmitter (USART) has a second advantage. In
previous systems without the pulse width modulator the
microprocessor must control both the timing and the
sequence of the pulses, however when a pulse width
modulator is incorporated into the system this may be
used to set the timing of the universal
synchronous/asynchronous receiver transmitter (USART),
i.e. it acts as a serial clock for timing. The
microprocessor is used less as it is only required to
send on/off messages to the universal
synchronous/asynchronous receiver transmitter (USART)

and therefore has improved multi-tasking.

The pulse width modulator may already be incorporated
into the probe for other uses such as motor control or
digitgl/analogue conversion. The use of existing
components in the probe for the system therefore

reduces component cost.

Fig 3 is a schematic diagram showing the formation of
the serial codewords. A microprocessor 30 in the probe
incorporates a pulse width modulator 32 and signal
generating means in the form of a universal
synchronous/asynchronous receiver transmitter (USART)
34. An output 36 from the pulse width modulator 32
controls the timing of the universal
synchronous/asynchronous receiver transmitter (USART).
Outputs 38,40 of the pulse width modulator 32 and the

universal synchronous/asynchronous receiver transmitter

JP 2004-530234 A 2004.9.30
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(USART) 34 are combined at an AND gate 42 to form a
serial codeword 44. This serial codeword is
transmitted from an LED or other signal transmitting

means to an external receiver.

A 2004.9.30
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CLAIMS
1. A probe for position determining apparatus
comprising:
5 signal generating means for generating a signal;

10

15

20

25

signal transmitting means for transmitting the
signal generated by the signal generating means to a
receiver module in the form of optical pulses;

characterised in that a pulse width modulator is

provided to reduce the duration of each pulse.

2. A probe according to claim 1 wherein the signal
generating means includes a universal

synchronous/asynchronous receiver transmitter.

3. A probe according to claim 2 wherein the pulse
width modulator controls the timing of the universal

synchronous / asynchronous receiver transmitter.

4, A probe according to any preceding claim wherein

the probe is battery powered.

5. A probe according to any preceding claim wherein
the optical pulses are generated by light emitting

diodes.

JP 2004-530234 A 2004.9.30
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