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Computer Numerically Controlled (CNC) British built Bench Training Lathe. 
DRAC manufactured by Denford Machine Tools is a CNC Lathe designed 
specifically for technical training. ORAC incorporates the latest 
micro-processor using a visual display unit allowing for verification of 
programs using Tool Path Graphics, with an audio cassette deck instructing 
step by step programming. An RS232C link will interface ORAC to printers, 

paper tape punch units and computers. 

GENERAL SPECIFICATIONS 
CNC CONTROL SYSTEM 
1. Self contained Console. 
2. Green on Black 5" V.D.U. with outlets to external 

T.V. and Monitor with facility for Tool Path 
Graphics. 

3. Touch Tone Alpha Numeric Keyboard allowing full 
manual data input. 

4. Mini Magnetic Cassette Unit for multi -program and 
tool offset storage. 

5. RS232C Interface, for connection with computers, 
paper tape punch units and printers, etc. 

6. Axis Jog on both axes with fast, slow and 0.01 mm 
increments. 

7. Programmable Feedrate 0-1200 mm/min (48 inch/ 
min). 

8. Programmable Spindle Speed 0-2000 rpm. 
9. Feedrate and Spindle Speed Override. 

10. Linear Interpolation with vectorially correcting 
Feed rates. 

11 . Circul ar Interpolation. 
12. Absolute/Incremental, Inch/mm programming 

throughout program. 
13. Manual Program Stop. 
14. Do-Loop facility allowing canned cycles for 

turning, facing, pecking and grooving. 
15. Sub-routine facility. 
16. Screwcutti ng from .35-3.5 mm Pitch 8-70 TPI. 
17. Floating Program Datum. 
18. 160 Block Memory. 
19. Tool Offsets for up to 10 tools with tool wear 

compensation. 
20. Edit with search facility. 
21. Single step execution. 
22. Programmable Dwell 0-99 secs. 
23. 4 Auxiliary Outputs. 
24. 4 Programmable Inputs. 
25. System Resolution 0.01 mm (0.0004"). 

SAFETY FEATURES 
Key Operated Isolator Switch, Membrane Keyboard, 
Chuck Guard, Axes Limit Switches - (adjustable on Z 
Axis), Electronic Shear Key built into Spindle 
Controller, Diagnostic Fault Finder. 

EXTRA EQUIPMENT 
A Full Range of Optional Equipment and Accessories 
are available including: Printers, Plotters, Computers, 
Software for Apple II , BBC Acorn, Epson HX20, 
Commodore, Pet, Paper Tape Punch Units and Porta 
Progs. 

MECHANICAL 
Swing Over Bed . .. .... . ...... . .... . ........ 200 mm (8") 
Swing Over Cross-slide .. ... .. . ..... .. .... 115 mm (4%") 
Distance between Centres . .. . ..... .... .400 mm (15%") 
Spindle Speed (Step less) ...... .......... . .. 0-2000 rpm 
Spindle Bore . .. " ...... . .... .. . .. .. . .... . . 20 mm (13116") 
Spindle Taper ..... . . .......... .. ................. . No. 3 
Tailstock Taper .. ...... .... . ... .. ........ .. .. .... . No. 2 
Tapers .. .. ... ... ........ ... . .. . . ... . .... .. . . 20: 1 -1 : 20 
Radii .. . .... ..... . ..... ... ... ... .. . . . .. 2 mm to 300Q mm 
Bed .. . ... . . ....... . . ... .. . Hardened and Ground Ways 
X Axis Baliscrew . . .... .. .. ....... 8 mm dia. 2.5 mm Pitch 
Z Axis Baliscrew .... .. . .......... 16 mm dia. 5 mm Pitch 
Toolpost - Quick Change with repeatability 0.0001 ", 40 
different locations. 
Mechanical Resolution .... .. .. ....... 0.01 mm (0.0004") 
Machine Dimensions:-
Length 920 mm (36") Width 560 mm (22") 
Height540 mm (21") Weight 140 Kilos (310 Ibs) 

ELECTRICAL 
50 Hz -1 phase 240 volts 
60 Hz - 1 phase 220 volts 
Spindle Motor 
% H.P. A.C. 0.37 kw 380-420 V 1.3 A incorporating A.C. 
Frequency Changer. 
Axes Motors 
Stepper Motors - 200 Steps/Rev D.C. 2.9 V 3.1 A. 

STANDARD EQUIPMENT 
RS232C Link, Quick Change Toolpost and Holder, Self 
Centring 3 Jaw Chuck, Set of Outside Jaws, Installation, 
Maintenance and I nstruction Manual, Spare Parts List, 
Map Light, Audio Cassette Deck and Headphone 
Outlet, Audio Instruction Tape, Video Instruction Film, 
Co-Axial T.V. Socket for V.D.U. , Lathe Maintenance 
Tools, Mini Magnetic Cassette for Program Storage, 
Test Program with Component, Operator Training . 

--------------------------~ ======:::::;;s w 
---------- - - z 

I ...... ft.~ •• ~ 1I~ ----- -- -_::< 
DENFORD MACHINE TOOLS LIMITED, BIRDS ROYD, BRIGHOUSE, WEST YORKSHIRE Phone 0484712264 Telex 517478 
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UlBRICATIQI lDl'ICE 

1 MAKE SURE YaJ FOLIai 'mE MAOiINE 'lOOrs REXD1MENDED IRmVCTIONS. 

2 USE 'mE REX:CH1ENDED GREASE FOR '!HE HFAm'lOCK AND OIL FOR '!HE BALI.SCRE.WS. 

3 OIL THE BAI..LSCREH3 WEEKLY. 

4 IX) tul' CPERATE tNl'IL WBE INSTRUCl'IOOS HAVE BEEN FOLJ:.am>. 
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SECTIGl I 

INTBOOOCl'ICN 

The ORAC you have purchased utilizes the latest advances in microprocessor 

technology. '!hese crlvances canbined with Denfords progranming aids am canputer 

technology give you, the user, the very latest in CNC training. You will firrl the 

keyboard is simple to understand, simple to utilize am simple for Erliting 

purposes. 

'!he keyboard itself provides switches vtlich are canpletely sealed, canbining the 

best of touchtone with pressure techniques thereby ensuring that no erroneous 

information is entered into the system. All programning may be accanplished at the 

machine by the operator or at a Desk 'lbp Canputer, transferring the canpleted 

programs to ORAC through the RS 232 Clink. 

As with any mc machine, the progranmer should know IDw to use g:xrl machining 

practice am be familiar with shop orientated terms. '!he manual has been written 

under these assumptions. 
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Since the iOOustrial revolution engineers have striven to produce automatic 

machines. The initial need was to speed up qlerations am to produce lol'¥j 

production runs of the same canponents econanically also taking the drudgery out of 

repeteti ve work. This type of machine has been with us for a 1009 time fran sinple 

cam auto's to sequence control machines using a plugboard or dial setting to 

achieve the qlerational sequence am desired dimensions. 

'!he sequence control machines 'Ere the forerunner of the present NC (numerical 

control) am C.N.C.(canputer numerical oontrol) machines. li:>wever, the sequence 

control machines required quite lengthy setting up 'ttlich restricted their use to 

long pl:Oduction runs to recoup the down time spent in setting. 

This was ale of the reasons for developing NC machines 'ttbich could be utilized for 

a simple operation, such as drilling a series of bJles in a fixed position at 

pre-set centre distances, to a I1Ilch IlDre sophisticated set up 'ttlich involved a 

multi-oontrol sequence of operations. 

The first NC machines 'Ere drilling machines 'ttbich all0we3 I'D carriage llDVement 

whilst the tool was cutting. <ilce this typE: of qleration hal been successfully 

achieved by NC then the need arose to produce machines to allow the travel of the 

slides during cutting qlerations i i.e. milling, turning am profiling am also tool 

changes built into the program. This type of NC machine was usually controlled by 

a pmched tape 'ttbich was read by a tape reader 00 the machine. This transferred 

the information on the tape by a series of electrical impulses to the control 

system, which in turn llDVed the slides am tools to the program supplied. 

'bo types of systems are used to control the NC function: 

( 1) Closes loop control 

( 2) Open loop oontrol 

2 



( 

Fig.!. Block diagram (simplified) of an NCCIa)ED lOOP CONTROL 

FiG. I 

This is a very canplex control which is used where a very high degree of accuracy 

is required i.e. in such machines as jig borers, machining centres, etc. 

Fig. 2. tl: System using OPEN lOOP CONTroL 

Since m feedback is used this eliminates the need for a zero system. '!his system 

uses stepping rotors which require pulses to rotate i.e. a fixed number of pulses 

per rev means I pulse rotates the rotor a fixed number of degrees (a step) am 
which moves the slides a fixed increment using an accurately pitched screw. 

Fig. 2. OPEN LOOP CCNrROL 
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FIG.2 

'!his is a ITUch simpler system am is used 00 the ORAC mc lathe. 
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CNC (CGtPUTER NUMERICAL CCNl'ROL) 

Hith the cdvent of the silicon chip, canputers 00 longer need tD t.e huge expensive 

installations. 'Ibis has brought them into the field of machine control where space 

and ease of operation are at a premium. 

Amini -canputer using the silicon chip am magnetic tape, instead of p:tper tape, 

has instigated a new generation of control systems with cdvantages which are 

included in the new ORAC CNC BENCH'IRAINING IATHE. 
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SECTICE 3 

TfX:HNICAL SPOCIFICATICE 

CAPACITIES: 

SWING OVER BED • 

SWIN:; OVER • • • · . 
DISTANCE BE'lWEEN CENTRES • 

HEAJl)'lOCK: 

SPINDLE BORE • 

SPINDIE NOOE INTERNAL TAPER 

SPINDLE BE'ARINGS • · · · 
SPINDLE SPEErs • · 
'!BREArS AND FEEI:S: 

S~~ PITCHES • · 
X AND Z AXIS SCRE.WS · • 
RAPID 'mAVERSE • · · · . . 

· . 
· · 
· 

· 
· 
· · 

. . . 
· . . 

· . . . . . . 

· . · · .' · . . 
· . 

. . · . 

200 rem 

115 rem 

400 rem 

20 mn 

No.3 

• 'mPER roLIER 

• STEPIESS 

.35-3.5mm 

BAI..I.SCRE.WS 

1200 nun/min 

8" 

4!" 
lSi II 

0-2000 RPM 

8-70 TPI 

47 "/min 

FEEDRATES · · · • INFINATEIX VARIABIE UP 'ID 1200 mm/min 47"finin 

LINFAR AND CIRCULAR INTERPOIATICE: 

TAPERS • · . . 
RADII . . . . . . . · . . 
CARRIN;;E AND BED: 

BED IENG'lli • · . . 
BED WIDIH 

· . . . 
· . 

. . . . . 

20:1 

2nm 

660 rem 

116 nm 

1:20 

3000 rem 

26" 

4i" 
GROUND AND HARDENED 

CROSS SLIlE MOVEMENl' • 

. . . . · . . . . . . . . 2 VEES-2 FIATS 

'lOP SLIDE '10 SPINDLE CENTRE LINE • 

TAI.ISlOCK: 

BARREL TAPER • 

BARREL MOVa1ENl' 

BARREL GRAIlJATIOOS • 

M:71ORS: 

MAIN DRIVE r-lOl'OR • 

STEPPER MOIDR X 

STEPPER ooroR. Z 

. . 

95 rem 
111 . . . . . . . . 19 rem 4 

5 

· . . 

tb.2 

50 nm 

MILLIMETRES 

• 0.37 ~ 380-420 V 

• 200 STEPS/REV 

200 STEPS/REV . . 
oc 
OC 

1.3A PC. 

2.9 V 3.lA 

2.9 V 3.lA 



MACHINE DIMENSICNS (CNERALL): 

LENGTH • 920 nm 36" 

HEIGHr • 540 nm 21" 

WIIJI'H 560 nm 22" 

WEIGHr • 140 kg 310 1bs 

6 



CNC CXR:DL: 

RESOWTlOO 0.01 mrn O.OOOS" 

FEEDRATE INFINATELY VARIABLE UP TO 1200 mm/min 47"/min 

RAPID TRAVERSE 1200 mm/min 47"/min 

SPINDLE SPEEDS SO-2000 R.P.M. INFlNATELY VARIABLE 

TCX)L OFFSETS UP 'ID 10 PAIRS 

PROGRAM LENGI'H UP 'ID 160 BLOCKS 

PROORAMMIN3 USING I.S.O. FORMAT 

PROGRAMMABLE SPINDLE STAR!' AND STOP 

18 'G' CODES 

FACILITY FOR PROVING PROORAMS USING 'IDOLPATH GRAPHICS 

PROGRAM AND TCX)L OFFSET STORAGE ON MINI CASSE'ITE 

PR:GRAM DISPIAY 

KEYWARD 

COOTROL SYSTEM 

AUXILIARY OUTPurs 

AUXILIARY INPUTS 

IlIU'A INPUT 

IX) LCX)P AND SUB-ROOTINE FACILITY 

7" V.D.U. 

TOUCli TONE 

SYNTELECT 

4 

4 

ALPHA,/NUMERIC KEYOOARD 

Ca-tPUTER ~TA LINK RS 232 C 

TCX)L CD-tPENSATlOO VIA 'IDOL OFFSET EDIT FACILITY 

SIN3LE PHASE INPUT 220/2S0V/SO HZ 

11 0/11 SV/6 0 HZ 

KEY OPERATED ISOLA'IDR SWITCH 

DIAGNOSTIC FAULT FINDER 

TOTALLY ENCLOSED CliUCK GUARD 

AXIS LIMIT SWITCliES 
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RS 232 LINK FOR CDMPUTER OR PRINTER. 

QUIQ( CHANGE 'IDOLroST AND HOLDER. 

SELF CENTRIl'l.; 3 JAW CHUCK. 

SET OF OUTSIDE JAWS. 

SAFETY GUARDS. 

INSTRUCTION MANUAL AND PARTS LIST. 

MAP LIGHT. 

STEREO CASSETTE DECK. 

2 HI -FRmUENCY SPEAKERS AND HEADPHOOE OOTLET. 

AUDIO INsrRUCl'ION TAPE. 

VIDOO INsrRUCTION FIIM. 

CD AXIAL T.V. SOCKET FOR V.D.U. 

LATHE MAINTENANCE 'IDOLS. 

MINI MN3NETIC CASSETTE FOR PROGRAM STORAGE. 

2 FUSES. 

MACHINE PLUG. 

TEST PROORAM WI'lH CDMPONENT. 

SOCKET FOR 8 srATION PROGRAMMABLE 'IDOLroST. 

8 
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SECl'IQi 4 

Although ORAC can be lifted by up to 3 to 4 persons, it is advisable to use sane 

recommended lifting apparatus. 

If using a lifting device, slide steel bars through the two channels underneath the 

machine about 50" in length and secure a rope around the 4 ends of the bar. 

Recarmended cross section of Bar:- 11/4" x 5/a" 

ORAC can be m:>unted at any desk top situation. It is unnecessary to bolt ORAC to a 

base, hc:Mever, if this is so required push a bar through each of the channels 

underneath the machine and secure through either end of the bars. 

Before wiring the machine to the mains supply, first remove all anti-corrosive 

coatings fram the slideways and working parts including all bright surfaces, using 

a kerosene based cleaner. After cleaning, oil all bright surfaces with a light 

machine oil. Regular cleaning and oiling will ensure a long life for the machine 

with the minimum of maintenance. 

The regular electrical mains power supply to the machine is single phase 

240 V 50 HZ. Three Phase is NOT suitable for this product and cannot be supplied. 

Connect the mains supply to the supplied adaptor. 

N .B. The machine should only be carrni.ssioned by a qualified electrical Engineer. 

W8RICATIQi 

All oiling and greasing points have been fitted prior to despatch. Before the 

machine is switched on, oil both ballscrews with the reccmnended lubricant. 
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'lb oil the X-slide screw, reroove the grarmit in the cross slide COler am cpply 

oil. 'lb oil the Z axis screw, plll l:ack both spiral spring CtNers at the c--'ll 

ems, and apply oil. Also lubricate through the point ai the top of the apron. 

OIL BOl'H BMlSCRms WEEKLY. FAIWRE '10 Jl) 'IBIS CXXJLD RESULT IN SEIZURE. 

Add grease sparingly to the Headstock bearings through Grease Nipples at back of 

Headstock. 

All slideways should be lightly oiled daily before IIDVement of the saddle am the 

tailstock. 

SHELL CASTROL 
( 

OIL VITREA 68 PERFECTO NN 

GREASE ALVANIA N93 SPHEEROL AP 3 

Equivalents of all lubricants are available fran other manufacturers. 

10 



Routine inspection am maintenance of the machine should re carried out 1D the 

following schedule:-

PERIOD 

DAILY 

WEEKLY 

SIX MCNllilll 

ANNUALLY 

MAINTENANCE REQUIRED 

Lubricate oil nipples. 

Wipe slides am ways am ooat with a thin film of oil. 

Clean out swarf. 

Clean machine thoroughly. 

Check nuts am bolts for slackness. 

WBRICATE OOIH BALLSCREWS. 

Check adjustment of saddle am side strips. 

Grease Headstock rearings. 

Check machine allignments am accuracy. 

<l1eck headstock rearing crljustments. 

'lOP SLIDE STRIP Anl'tJS':lMENl' 

Take up for wear at the 1Dp slide gib strip by loosening the 3 lock nuts am crljust 

the screws to give slight drag, then tighten the lock nuts. 

oms SLIDE - STRIP Anl'tJS':lMENl' 

Take up for wear on the cross slide gib strip by loosening the 3 lock nuts on the 

side of the cross slide am slowly tighten up the screws. Once tight release half 

a turn am tighten up the lock nuts. 

11 



SllX:TIC6 6 

TAIISlOCK AND CBUCK ~ 

ORAC is set up prior tD despatch with the chuck already in position. 

For reoounting the muck, first ensure that the spirxUe l'XlSe am the back mounting 

plate of the muck is clean am free fran dust or protective CDlTering. 

locate the three studs through the ooles in the spindle l'XlSe am fix a spring 

washer am M8 Nut tD each of the studs am tighten CK::cordingly. (SEE FIG.3) 

TAIIS'lOCK 

'!be tailstock barrel has a No.2 MT bore am may be locked in fX)Sition by turning 

the locking handle (A) on the tDp of the tailstock in a clockwise direction. 

The tailstock is locked by means of a bed clanp B, operated by tightening the rut 

in the centre of the tailstock base. (SEE FIG.4) 

o 

FIG.3 
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Having carried out the necessary procedure for the installation of the machine it 

is rDtI ready for operation. 

Switch at the mains supply am wait for the menu tD cppear at the V.D.U. If the 

Emergency Stop Button is locked in position, the axis am spirrlle aontrols are 

inoperative. Unlock the button am switch 00 the spirrlle by depressing the twnd 

green Button urrler the spirrlle controls. 'Ihe ini tial spirrlle speed will te a 

cogging effect. Increase the speed by pressing the + umer the spirrlle speed 

controls. First run the spirrlle at a low speed tD ensure lubrication an] freedom 

of all running parts. 
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SECTICN 8 

'!HE QUICK CHANGE 'lOOLFOOT 

ORAC will accept a maximum of 9 pairs of tool offsets in its mer!Dry with a a (zero) 

tool offset cancelling all previous offsets; therefore the maximum number of tools 

that can be used in the quick dlange toolpost in any ooe progranme is 9 with tool 0 

being used as a reference tool. 

'lb change tools in the toolpost either plll or plSh the clamping lever to the 

central position and lift out the tool holder. Insert the new tool holder ensuring 

the height adjusting screw is firmly down 00 the base l::x:rly, and clamp the holder by 

either pulling or plShing the clamping lever to the locked position. 

To set the centre height of the lathe tool slacken off the clamping harrlle, an:] 

loosen the locking nut - then either screw the height adjusting screw clockwise 1D 

raise the tool holder or vise-versa. '!he manufacturers repeatable accuracy on 

clamping is 0.01 mn. 

15 



SB:TICE 9 
/ 

\ 

FIG.5 illustrates the plan view of ORAC. 'nle Z axis runs along the length of the 

bed anj the X axis along the cross slide at goo to the ted. 'nle plus am minus 

signs indicate the direction of the 0001. 

FIG.SA ABSOwrE 

FIG. 58 mCREMENl'AL 

FIG. SA 

FIG.5B 

(Z axis) To the left l'laOO side of ZO towards the chuck is 

negative. 

To the right l'laOO side of ZO CMay from the chuck is 

positive. 

(X axis) Xo is at the centre line of the spirrlle. PlNay fran XO 

towards the splash guam the. l1DVement is negative and 

towards the operator from XO is IX>Sitive. 

(Z axis) 'lbwards the chuck is negative. 

Away fran the chuck is posi ti ve. 

(X axis) Away from the operator is negative. 

'lbwams the operator is positive. 

z- X+ .. ____ -.~----~~Z4 
<rd .... __ y 

x -_______ .. 0 __ . 

_ z- z+ 

----~----~<£[jF4 _____ _ 
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'!BE VISUAL DISPlAY UNIT (V.D.U.) 

The Visual Display unit (referred to as the screen) assists the operator in 

prOgramming by giving a visual display of all information entered, and guiding you 

through the program. 

The screen will also display the block which is actually being executed at that 

particular time. 

The information on the screen can be displayed on a larger screen by connecting up 

aT. V. monitor to ORAC via the coaxial link at the rear of the machine. 

ORAC's screen is also used for proving the program using the toolpath graphics 

facility. 
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KEY. FUNCTION 

a) NUMERICAL Dt\TA KEYS. 
b) INSTRUCl'IOO SELECTIOO ~ {SED IXJRIN; ~. 

FWCTIOO KEY: {SED AS llSTmJCTED CN vw. 

SPACE KEY: t:5ED IXJRIN; PIO;lW.1 ~ AND EDITIlG '10 
DELE'm A CHARACTER. wrm ':mE ~ UN1ER 'mE 
APPlOPRIATE WMBER at IE'l'l'ER PRFSS S. 

PAGE lmmr KEY: {SED IXJRIN; PIO;RAM EDJ:TIN:; '10 llSERl' 
A NEW PAGE. 
(SEE sa:TIOO 23 PAGE '64 ) 

PAGE IELE'l'E KEY: tEED IXJRIN; PKX;lW1 EDI'l'nG '10 IELE'I'E 
A PAGE. 
(SEE sa:TICN 23 PAGE 64) 
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FUNCTION 

IECIMAL Klnlr KEY. 

MINOS SIQI KEY. 

mrER KEY: usm IN CCKJONCTIQI wr.m AIMCST ALL 
~ AND IS rEm 'lD OONFm1 AND 'mANSFER 
INFOBMA'l'IQI INlO THE MEMORY. 

DEIEl'E KEY: A) USED TO DEIEI'E SELECI'ED DATA. 
(SEE SECTION 23 PAGE 63) 

B) USED TO SELEcr DRILL SIZE IN GRAPHICAL 
SIMUIATION. (SEE SECTION 24 PAGE 65) 

PAGE roRWARD KEY: tm:DIIll'mG PHXiRAMMDG AND EDITDIi 
'lD r-IJVE CN 'lD ~ PAGE. 

PAGE REVERSE KEY: usm IXJR]lI; ~ AND EDITDIi 
ro rolE SACK 'lD PREVIaJ'S PAGE. 

CURSOR KEY: A) MJVES FIASHIt-G CUROOR tJPWl.\ROO. 
B) INCREASES BILlET SIZE IN GRAPHICAL SIMULATION. 

CURSOR KEY: A) MJVES FIASHIN; CUROOR ~. 
B) DECREASES BILlET SIZE IN GRAPHICAL SIMULATION. 

CURSOR KEY: MJVES FIASHIt-G CUROOR 'IO rEF!'. 

CURSOR KEY: MOVES FIASHIt-G CURSOR 'IO RIGiT. 
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KEY 

fG02l 
~ 

-=======:::::JI FUNCTION a...,.l _____ _ 

FUNCTION 

LINEAR INl'ERPOIATION. 
roI~roroI~OPErucrION: 
THIS INSTRUCTION MJVES '!HE 'IDOL IN EITHER THE X (FACING) 
OR Z (TURNING) DlRECI'IONS INDIVIDUALLY. OR X AND Z 
DIRECTIONS SIMULTANEDUSLY (TAPER TURNING) i.e. UNEAR 
INTERPOlATION. 
(SEE SECTION 18.2 PAGE 40 FOR DETAILED INSTRUCTION) 

CIRCULAR I~ERPOIATION. 
'!HIS INSTRUCTION ENABLES ORAC ro CUT IN A CIRCUIAR IDTION. 
(SEE SECTION 18.3 PAGE 41 FOR DETAILED INSTRUCTION) 
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KEY FUNCTION 

'l'HREAD CtJTl'ING: 
THIS INSTRUCTION PROVIDES A 'lBRFADING CYCLE FOR 
En'ERNAL AND INl'ERNAL 'I'HREAIS. 
(SEE SECTIOO 18.4 PAGE 44 FOR IETAILED INS'!KJC'I'IOO) 

~ PERIOD: 
THIS INSTRUCTION ALI..CH) A TIMED IH:LL PERIOD '!O BE 
PROGRAMMED BE'lWEEN MACHINING OPERATIONS, AND '!HE MACHINE 
WILL REMAIN STATIONARY AT ITS PRESENT FOSITIOO. 
(SEE SECTIOO 18.5 PAGE 48) 

AUXILLIARY INPtl'I'S: 
THIS INSTRUCTIOO ALI..CH) '!HE PROORAM '!O BE HALTED BE'lWEEN 
MACHINING OPERATIONS. THE EXECO:rE PROGRAM WILL OOLY 
PROCEED BEYOOD '!HIS POINI'· IF ANY OF '!HE 4 ADXILLIARY INPUTS 
PROGRAMMED '!O RECEIVE AN INPtJI' SIGNAL ARE ACTIVATED. 
(SEE SECTIOO 18.6 PAGE 49 FOR IETAILED INSTRUCTIOO) 

AUXILLIARY CX1l'PUl'S: 
'!HIS INSTRDCTION ALI..CH) ANY OF '!HE 4 AUXIll.IARY OUTPUT 
REIAYS '!O BE OPERATED '!O cnrm:>L EXTERNAL FUNCTIONS. 
(SEE SECTIOO 18.7 PAGE 50 FOR DETAILED INSTROCTION) 

CALL SUBROUTINE: 
THIS INSTRUCTION ALI..CH) A SUBROUI'INE '!O BE CALLED FOR 
EXECll'I'ION. 
(SEE SECTIOO 18.8 PAGE 51 FOR PROORAM FORMAT) 

SUBROtJ1'INE START: 
THIS INSTRUCTION ALI..CH) A SUBRJUTINE '!O BE COOSTRUCTED 
AND ALLOCATED AN II.a'JTI'IY NtlmER. THE SUBROUl'INE FORMAT 
IS EXPIAINED IN SECTION 18.8 PAGE 51. 

END SUBROUTINE PROGRAM: 
THIS INSTRUCTION ENtS '!HE SUBROUI'INE. 
ALL FUNCTIONS ENTERED BE'lWEEN • SUB' AND • END SUB' 
CONSTITOTE THE SUBROU!INE. 
(SEE SECTIOO 18.8 PAGE 52) 

STAR!' IX) IOOP: 
THIS INSTRUCTIOO IS USED FOR STARrING A REPETITIVE 
SmtJENCE. 
(SEE SECTION 18.9 PAGE 55 FOR PROORAM FORMAT) 
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KEY 

tG 70 1 G 71 

[G 90 1 G 91 

FUNCTION 

END IX) IOOP: 
THIS INSTRUCTION ENoo THE IX) IOOP SElJUENCE. 
ALL FUNCTIONS ENTERED BE'IWEEN I IX) I AND I END IX) I (X)NSTlTUI'E THE 
SEl;JUENCE TO BE EXECUTED THE RFQUlRED NUMBER OF TIMES (COUNT). 

END PROGRAM: 
THIS INSTRUCTION DEFINES THE END OF THE MAIN PRCGRAM. 
(SEE SECTION 18.10 PAGE 58) 

UNITS SELECTION: INCH OR MILLIMETRES. 
'!HIS INSTROCTION SELECl'S THE UNITS FOR SUBSEQUENCE PROGRAM 
PAGES. ALTERNATIVE IEPRESSICN OF THE KEY CHANGES THE UNITS 
FRCM INCH TO MILLIMEl'RES TO INCH etc. (THIS FEATURE OF ORAC 
ENABLES US TO PROORAM EITHER IN INCH OR MILLIMETRES WI'!HIN THE 
SAME PROGRAM.) ENSURE THAT THE UNITS FOR THE PROGRAM ARE 
SELECTED AT EITHER BLOCK 1 OR 2. 
(SEE SECTION 26 PAGE 68 FOR UNITS FOR 'IOOL OFFSETS) 

INCREMENTAL/ABSOLUTE FORMAT: 
THIS INSTRUC'TICN SlIDECTS THE PROORAM FORMAT FOR SUBSEX:)UENT 
PROGRAM PAGES. ALTERNATE DEPRESSION OF THE KEY CHANGES THE 
FORMAT FRCM INC. TO ABS. TO INC. etc. '!HIS FEATURE OF ORAC 
ENABLES US TO PROGRAM IN EI'IHER ABSOLlTI'E OR INCREMNTAL WI'!HIN 
THE SAME PROGRAM. IT IS EXI'REMELY HELPFUL ~ DRAWINGS ARE 
DIMENSIONED WI'!H A CCMBINATICN OF INCREMENTAL AND ABSOLurE 
CO-ORDlNATES. ENSURE '!HAT THE FORMAT FOR '!HE PRCGRAM IS 
SELECl'ED AT EITHER" BLOCK 1 OR 2. 

PROORAM DA..'lU1: 
THIS INSTRUCTICN ALIJ:H) THE CD-ORDlNATES OF THE PRCGRAM DA..TtM 
TO BE ENTERED AND THESE VALUES ARE AilVAYS TAKEN FRCM THE CENl'RE 
LINE OF THE SPINDLE ON X AND FRCM THE END OF THE VDRKPIECE ON 
z. EVEN '!HOUGH INCREMENTAL MAY HAVE BEEN SELEcrED FOR THE 
FORMAT '!HE PRCGRAM DA..TUM SHOULD AIJNAYS BE ENTERED IN BLCX:l< No.3 
AND ~N L'~l IN THE UNITS r'1(t;V USLY SELEcrED. IN BLOCK 1 OR 2. 

SPINDLE STAR!': 
THIS INSTRUCTION WILL START THE SPINDLE IN A FORWARD DIRECTION 
DURING A PROGRAM. 

SPINDLE STOP: 
THIS INSTRUCTICN IS USED 'IO STOP THE SPINDLE roI'ATION WITHIN 
THE PROGRAM, E.G. FOR A 'IOOL CHANGE. 
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_----'I MANLlALL-1 ______ ----JI SPINDLE CONTROL L-l ___ _ 

[START I [MAN 1 [STOP 1 

~ 
@]~LG EJ SPINDLE 

SPEED 
EMERGENCY 

STOP 

~ 
[q q ] ffEO RATE [ ~ 1 

OVERIDE ' 

KEY 

[START 1 

FUNCTION 

a) STARTS AND RESTARTS THE OPERATING S&:;JUENCE VHEN EXECUTING 
A PROGRAM. 
ENSURE BEFORE STARTING OR RESTARTING A PROGRAM 'lliAT '!HE 
SPINDLE IS RUNNING. 

b) STARTS THE 'IOOLPATH SIMULATlOO. 

a) STOPS THE OPERATING SEQUENCE VHEN EXECUI'ING A PROGRAM. 
TO RESTART THE PROORAM PRESS THE SQUARE GREEN START 
WITON. 

b) INPUTS POSITIONAL INFORMATlOO FOR 'Zo PLANE' AND 'X DIA.' 
WiEN USED AS INSTRUcrED IN THE ''IOOL OFFSET I SETTING UP 
roDE. 
(SEE SEcrION 26 PAGE 68) 

c)· STOPS MANUAL OPERATING SmUENCE AND RETURNS TO EITHER THE 
MAIN MENU OR THE 'IOOL OFFSET MENU. 

d) STOPS 'IOOLPATH SlMULATlOO AT ANY TIME. 
TO RESTART PRESS THE SQUARE GREEN START BUITON. AFTER 
COMPLETION OF THE SIMULATION, THIS KEY IS USED 10 RETURN TO 
THE MAIN MENU. 
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KEY 

B 
FUNCTION 

AI..I£MS SELECTICN CF M!\NUAL AXIS CDNmJL CNCE AL11'CJ.1ATIC 
EXEX:UTICN CF A PRCX;RAM HAS BEEN STOPPED USIH; '!HE S<JJARE RED 
S'lOP KEY. 

ONCE CP~ UIDER MMruAL CPERATICN ):t){J MUST IECIIE W8AT 
YOO WISH it) ro IN MANUAL. YClJ HAVE THREE OPTIONS. '!HE Fm5T 
FEED lNDICATED tNDER MlWUAL CPERATICN IS FAST FEED. 'lHIS IS 
INDICATED IN '!HE BOl'nlt1 RIGn' HAND CORNER CF 'mE SCREEN. '.tHE 
FAST FEEDRATE IS A RAPID MOVE AT 47 INCHES/MIN CR 1200 MM/MIN. 
IF YaJ IEPRESS '!HIS KEY '!HE FEEDRA'lE WILL CHAtG.: FlD1 FASr 'IO 
Slai. '!HE su::M FEEDRATE IS 6 INCHES/MIN CR 150 MM/MIN. A 
FURl'HER IEPRESSICN CF '!HE KEY WILL CHANGE 'mE FEEDRATE 'IO STEP. 
THIS IS A JCG CF 0.01 MM en 0.0004 INCHES. FAOi TIME DJ 
IEPRESS '!HE KEY '!HE FEEDRATE WILL CHANGE FlD1 FAST it) SIJ:lN 'IO 
STEP. 'cx:mTANI' IEPRESSICN CF '!HE KEY WILL CINI'INtJALLY OJAla 
'!HE INDICATED FEEDRA'lE. 
(SEE SEX:TICN26 PAGE 68 FOR 'lOOL CFFSET FEEDRATES) 

-
X TRAVERSE: IN AND our. 

Z 'lRAVERSE: LEFT AND RIGHT. 
PRESS '!HE KEY ro~ it) '!HE LEFT it) K)VE '!HE 'lOOL ~ '!HE 
CHUa< AND it) '!HE RIGEfr it) MOVE /lW\Y FlD1 '!HE CHUCK. 
SIMIIARLY PRESS '!HE KEY roINI'ING t.llMAROO it) MJVE '!HE 'lOOL 
'l'GlARIS THE CEN'mE LINE CF THE SPINDLE AND IXliNWARIS '10 MOVE 
'!HE 'lOOL NilAY FROM '!HE Cl'.:NTRE LINE. 
WHEN IN MANUAL FAST CR SIJ:lN MOVEMENI' WILL CX:COR CN~ AS WN:.7 AS 
YOU KEEP CONSTANT IEPRESSICN CN '!HE APProPRIATE ARroW BUI"I\:N3. 
CARE SHOOLD BE 'mKEN WHEN APP~CHIN:; AN OBSTRUCTICN, SUCli AS A 
WORKPIECE, BECAUSE '!HE MACHINE NEEDS A SHORT DIS'mNCE it) 

DECELERATE • 
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KEY 

B 

FUNCTION 

a) WHEN OPERATED DURING EXECUTION OF A PRCX;RAM, REIlJCES THE 
AXIS FEED IN OPERATION AT THAT TIME FRCM ITS PROGRAMMED 
VALUE TO SCME UH:R VALUE. -

b) ~ OPERATED IN GRAPHICAL SIMUIATION, CHANGES THE 
SIMULATED FEED RATE OF THE TOOL 'IO S~. 

a) mEN OPERATED DURING EXECl1l'ION OF A PROGRAM, IlCREASES THE 
AXIS FEED IN OPERATION AT '!HAT TIME FlOot ITS PROORAMMED 
VALUE 'IO SCME HIGHER VALUE. 

b) WHEN OPERATED IN GRAPHICAL SIMUIATION, CHANGES THE 
SIMUIATED FEEDRATE OF THE TOOL TO FAST. 

WITH OOTH THE ABOVE CJ\7ERRIDE FACILITIES, THE PROORAMMED AND 
OVERIDE FEEtRATES ARE DISPLAYED ON THE SCREEN DURING EXECtJI'ION. 
AFTER THE CXlMPLETED EXECUTION OF THE BLOCK, WITH THE CJ\7ERRIDDEN 
FEEDRATE, THERE WILL BE A RETURN 'IO THE PROGRAMMED VALUE. THE 
OVERRIDE RANGE IS FlOot 0% TO 110%. THE DISPIAY ONLY INDICATES 
THE FEEmATE IN UNITS OF TEN. HENCE A FEEDRATE OF 50 MM/MIN 
WITH MAXIMUM roSITIVE CJ\7ERRIDE OF 10% WILL STILL ONLY INDICATE 
50 MM/MIN EVEN THOOGi THE ACl'UAL- VALUE WILL BE 55 MM/MIN. 

WHEN OPERATED DURING THE EXECUTION OF A PROORAM, REIlJCES THE 
SPINDLE SPEED FRCM THE PROGRAMMED VALUE. KEY HELD rom UNTIL 
R.EX;)UIRED SPEED IS ACHIEVED, THEN RELEASED, AND- SPEED REMAINS AT 
THAT SET LEVEL UNTIL A CHANGE IN A SUBSEOUENT BLOCK. 

WHEN OPERATED DURING THE EXECUTION OF A PROORAM, INCREASES THE 
SPINDLE SPEED FRCM THE PROGRAMMED VALUE. KEY HELD ~ UNTIL 
REQUIRED SPEED IS ACHIEVED, THEN RELEASED, AND SPEED REMAINS AT 
THE _ SET LEVEL UNTIL A CHANGE IN A SUBSEOUENT BLOCK. 
UNLIKE FEEDRATE CJ\7ERRIDE THE NEW SPINDLE SPEED IS NO!' INDICATED 
ON THE V.D.U. 

GREEN BUTl'ON STARr'S SPINDLE. 

RED BU'ITON STOPS SPINDLE. 
WARNING: THE DEPRESSION OF SPINDLE STOP IN MID PROGRAM STOPS 

THE SPINDLE, HCMEVER, THE AXIS WILL CONTINUE TO RUN. 
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KEY FUNCTION 

EMERGENCY STOP. 
STOPS OO'IH SPINDLE AND AXIS DRIVES. BU'ITON r.cx::KS r:x::MN ~ 
OPERATED AND CAN CNLY BE RESET WITH KEY. 

DEPRESSION OF '!HE EMERC.2ENCY STOP BU'ITON, WITH '!HE KEY IN '!HE VERI'ICAL rosn .. ..JN, 

WILL lOCK '!HE BUT1'ON J:XMN, AND '!HE V .D. U. WILL DISPlAY MANUAL OPERATION WITH THE 

APPROPRIATE X. AND Z CD-ORDINATES. 'It) OPERATE '!HE MACHINE IN MANUAL MJDE WAIT A 

MINIMUM OF 3 SECONrS AND UNI.ro< '!HE BU'l'l'ON BY TURNING '!HE 'KEY TO '!HE RIGHT. 

IF '!HE KEY IS TURNED TO THE RIGHT ON DEPRESSION- IT WILL NOr lOCK J:XMN, BUT WILL 

RETURN TO ITS ORIGINAL POSITICN AND niE V.D.U. WILL DISPIAY: MANUAL OPERATICN WITH 

THE APPROPRIATE X AND Z CD-ORDINATES. - HCMEVER, '!HE MACHINE MAY BE INOPERATIVE roE 

TO '!BE RELAYS NOr HAVING TIME TO RESET. TO OPERATE THE MACHINE, IDCK IN '!HE BU'ITOO 

AND HOLD FOR 3 SECONIS BEFORE RELEASE. 

WHEN '!HE EMERGENCY STOP IS OPERATED, roSITIONAL INFORMATION WILL BE LOST AND 

RE-EXECUTION MUST <D1MENCE FORM PAGE 01 OF THE PRCXiAAM. 

TO RETURN TO THE MAIN MENU PRESS '!HE SQUARE RED STOP KEY UNDER '!HE MANUAL SECTION 

OF THE CONl'ROL PANEL. 
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OPERATION OF !HE mTA CASSETI'E IS ENTIRELY ~IC aJRlt-K; OOTH !HE "LOAD" AND 

"SAVE" MODES OF OPERATION. 

THE CNLY OPERATOR RmUlREMENT IS TO ENSURE THAT ~EN PRCMPl'ED VIA '!HE V.D.U. TO 

CHECK "CASSETI'E LOADED" - THAT A TAPE CASSETI'E IS ACI'UALLY LOADED INTO !HE MACHINE. 

TO LOAD A CASSETI'E, PUSH UPWARI:S ON THE Bl1I'TON AT THE RIGHT OF !HE CASSETI'E HOLDER 

WHEN '!HE r:x::x::>R OPENS, INSERI' '!HE TAPE WI'!H '!HE EXPOSED TAPE SURFACE rovNWARDS. mEN 

FUU.Y INSERI'ED CI.QC)E '!HE r:x::x::>R. 

THE CASSETI'E CARRIES 2 FUNCTIONS: 

1. IT IS USED TO STORE PRCXiRAMMES AND OFFSETS BY TRANSFERRING '!HE INFORMATICN FROo1 

THE MEMJRY TO THE CASSETl'E. 

2. IT IS USED TO LOAD PROORAMMES AND OFFSETS BY TRANSFERRING INFORMATION ~ '!HE 

CASSETrE 10 THE. MEMORY. 

FOR DETAILED OPERATION SEE SECTIONS 21 AND 22 PAGES 61 AND 62 FOR PROGRAM 

TRANSFERS. AND SECTIONS 26.3 AND 26.4 PAGES 73 AND 74 FOR OFFSET TRANSFERS. 
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SEX:TI~ 15 

CLEARING '!HE MfK)RY 

Once ORAC has been swi tchErl on at the mains the meroc)l:y will be clear. 

There are 3 ways to clear ORAC' S :meIOOry if there is a program already loaded: 

10 IEturn to the menu, am then depress 5 to enter a new pr03ram into natK>ry am 
then E. ORAC will assume a new program is cping to be enterErl into mem::.n:y, am 
so will clear the existing program. 

2. IEturn to the menu am load a program fran cassette by depressing 1 on the 

keyboard am then E, place a cassette into the wIder am press E to 

acknowledge that you have Weed loaded a cassette. Once the screen displays 

p~ 'lRANSFER CDMPLETE, the existing program in ORAC'S mem::>ry will ~ 

replaced with the new program taken fran the cassette. 

NOTE In both of the above cases, only ORAC' S program rnenory is clearErl. The 

tool offsets storErl in rnenory will remain W'ltil replaced. 

3. Mem:>ry is also lost when the mains supply to the machine is turned off, 

however, this should rot be used as a method of clearing rnenory. 
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SECTIOO 16 
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0- PROGRAM DATUM 

THE ABOVE DIAGRAM ILLUSTRATES '!HE TERMS zo~ Xc; PRJGRAM ~; ABSOLIJI'E AND 

INCREMENTAL AS USED IN '!HE WRITING CF PKGRAMS FOR mc MAClUNES. 

ZO IS TAKEN AS 'mE END OF 'mE W<E<PIECE. 

Xc IS 'mKEN AS '!HE CENTRE LINE CF '!HE SPINDLE. 

THE PRJGRAM LWL'UM IS SHaVN 20 MM FROM '!HE ZO PLANE AND 15 MM FROM '!HE Xc 

PLANE. ITS EOSITION IS EXPRESSED AS Z20; XlS: WHEN PRJGRAMM]N; IN ABSOLurE 

UNITS AND USING '!HE PKGRAM OM:'UM FOR REFERENCE, 'lHEN '!HE FACE II A" IS 

PC6ITIONED AT Z,-20: '!HE FACE "B" IS EOSITIONED AT Z,-40: 

N01'E ALL ABSOLUI'E Z MEASUREMENTS '10 '!HE LEFT CF ZO ARE -VE. 

ALL ABSOLUI'E Z MEASUREMENTS '10 '!HE RIGHT CF ZO ARE +VE. 

SIMILARLY FOR DIMENSIONS CN EITHER SIDE CF '!HE Xc PLANE AS SHCMN. 

WHEN INCREMENTAL PRJGRAMM]N; IS USED, '!HE (STILL ~ FROM '!HE PRJGRAM 

DATUM) ; 

THE FACE II A" IS EOSITIONED AT Z, -40: 

THE FACE "B" IS EOSITIONED AT Z,-60: 

ALL INCREMENTAL Z MEASUREMENTS '.IOVAROO '!HE aroa< ARE -VE. 

ALL INCREMENTAL Z MEASUREMENTS NilAY FROM '!HE aroCK ARE +VE. 

ALL INCREMENTAL X MEASUREMENTS '.IOVAROO '!HE CENTRE LINE ARE -VE. 

ALL INCRE'11ENTAL X MEASUREMENTS NilAY FOR '!HE CENTRE LINE ARE +VE. 
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SOCTICE 17 

'!BE MAIN MBNU 

Once the mains have been switched on the screen displays: 

************* 
* ORAC * 
************* 

CHOOSE TO:-
1) LOAD FRCJ.1 CASSE'ITE 
2) STORE ON CASSE'ITE 
3) LOAD FRCJ.1 CXMPUTER 
4) TRANSMIT ro CG1PurER 
5) ENTER NEW PR(X;RAM 
6) EDIT THE ProGRAM 
7) EXECUTE PR(X;RAM 
8) GRAPHIC SIMULATION 

This is the program menu for ORAC. 

1. This choice is explained in full detail in Section 21 Page 61. 

2. This choice is explained in full detail in Section 22 Page 62. 

3. IDading fran a Canputer - this is explained ~n full detail in Section 32 

Page 104. 

4. Transmitting to a Computer - this is explained in full detail in Section 33 

Page 105. 

5. 'Ib Enter a new program see Section 18 Page 37. 

6. To Edit a program in rnenory see Section 23 Page 63. 

7. 'Ib Execute a program see Section 25 Page 67. 

8. 'Ib prove a program using the graphical simulation, see Section 24 Page 65. 
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SErrICti 18 

To Enter a new program into ORACS menory depress key 5 on the Data input section of 

the keyboard, followed by E. This will brin,;} you to Page 01 on the screen. 

The Program structure should now be as follows: 

PJ.lGE FUNC!ION 

I 1 I G70/G71 INCli/MM 

INITIAL INFORMATION 
PAGES. M.JST START '!HE 

2 G90LG91 ABSOIlJTE INCREMENTAL PROGRAM:--

3 GSO PROGRAM M'IUM J 
I 1 

4 I 

11 
ANY REQUIRED 

MAIN PROORAM. 
FUNcrION 

J x 

I J- END STATEMENT. M.JST BE 
x+11 M02 END OF PROORAM INCLUDED AT CLOSE OF 

MAIN PROORAM. 

I x~1 G28 SUBROUTINE START I ]- SUBROUTINES, INDENTIFIED 
BY No. IN MAIN PROORAM. 
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The first 2 pages of any program ~ contain either INCH or MILLIMETRE units and 

INCREMENTAL or ABSOLUTE fonnat. The 3rd Page of any program should ALWAYS be t 

PROORAM m'lUM. 

Subsequent pages of Program can then be chosen in any sequence to suit the tool 

movements required to produce the finished workpiece. 

Once a page of infonnation is canplete, advance to the following page by pressing 

the key with the 2 arrows pointing in a downward direction. 

To view pages previously entered, press the key with the 2 arrows pointing in the 

upward direction. 

As a function on each new page is chosen, the flash:ing cursor shows the next piece 

of data which requires to be entered. Vben the data is entered and confinned ... ~ 

pressing the 'E' key, the cursor roves to the next line. 'nlis sequence continues 

until all data is entered for that page. You must then advance to the next page. 

The program is tenninated with depression of the M02 key. This will end the 

program at that point. If subroutines are to be progranmed, this will be built up 

starting after the END OF PROORAM Ccmnand (See section 18.8 Page 51). 

N.B. A program can contain up to 160 blocks. 
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1. 

PAGE 01 MM-UNITS G71 

Fl - QUIT 

F2 - SELECI' PAGE 

PAGE 02 INCREMENTAL-FORMAT G91 

Fl - QUIT 

F2 - SELECI' PAGE 

PAGE 03 PROGRAM-~TUM GSO 

F1 - QUIT 

F2 - SELECT PAGE 

39 

Selected ~ pressing the [ti~ 1 key. 

For INQ1 units the page is the same. 

(Substitute INQ1 for MM.) 

" 

Selected by pressing.the rG20l ~Key. 

For ABSOLUTE format the page appears 

the same. 

(Substitute ABSOLUTE for INCREMENTAL.) 

Selected by pressing the fG SOl key. 

The PROGRAM ~TUM values are taken 

fran the centre line of the spindle on 

X and from the end of the workpiece on 

z. 
The PROGRAM ~TUM must always be 

entered at page 3. 



2. 

PAGE 04 POINT-'IO-POINT .GOO ,GO 

X 

2 

FEEDRATE 

TOOL-NO 

SPINDLE-SPEED 

Fl - QUIT 

F2 - SELECT PAGE 

Selected by pressi~ the [8 ~~] key. 

Key in the required X and 2 values 

usiIlJ the Data Input Section of the 

keyboard. 

If workiIlJ in incremental and only X 

axis movement is required enter in a 

2 value of O. 

If working in Absolute format and only X axis rrovement is required key in the Z 

value the same as the previous page. 

FIOvl POINT A 10 POINT B 

0 
C'\I 

Xl5 25 -Q POINT A 

roINT B INCREMENTAL 

2 B X-520 

• V't 

I -
roINT B ABSOLlJrE iA 

• XIO 25 

~ 
The above also applies when only Z axis rrovement is required. 

For programming LINEAR INTERPOlATION (i.e. X and 2 axis rroving simultaneously) 

simply enter in the different X and 2 oo-ordinates. 

Once the appropriate X and 2 co-ordinates have been entered you must gi ve th~_ 

particular rrovement a FEEDRATE. This can be taken as any value fram 0-1200 mmVmin 

in increments of 10 or fram 0-47 INCHES/MIN in increments of 1. 

NOTE: 00 Nor OVERRIDE THE FAST FEEDRATE. 

A TOOL NUMBER must now be entered. Use any tool number fram 1-9. NorE: TOOL 0 

should always be programmed as the last tool number in a program, as this tool has 

no offsets on X or 2. 

Finally enter a SPINDLE SPEED. This can be entered as any value fram 0-2000 in 

increments of 10. 

NOTE The feedrate tool number and spindle speed are rrodal. IE, it is not necessarv 
( 

to enter any of the values if they are repeated in the previous blocks - th~~ 

also applies for G02 and G03. 
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3. 

PAGE 05 CIRCllLAR-INT •• GO , 
X 
Z 

RADIUS 

SENSE CW CCW 

TOOL-NO 

SPINDLE-SPEED 

F1 - QUIT 

F2 - SELECl' PAGE 

SelectOO by pressiDJ tile [88§) key. 

The X and Z values being requested, 

are for the END co-ordinates of the 

arc • The tool has already been 

positioned at the start of the arc in 

the previous page. The X and Z values 

can be entered in either Absolute or 

Incranental. 

You must now enter a RADIUS. This can be entered as a value between 2 mm and. 

3000 mm/0.07S" and 120". 

ORAC will allow for the RADIUS to give circle centre point outside the machine axis 

limits so 1ol'XJ as the end point is inside the l:imits. By only havil'XJ to progran a 

Radius ORAC el:iminates the t±me consuming process of calculatil'XJ the exact circle 

centres. This is done by the canputer. It is, however, :important that a RADIUS is 

not programmed which is less than half the distance between the start and the end 

point of the circular notion. 

Zo 

12 I 
B 
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Xo 

A 

PT. A 

X6 ZO 

PT. B 

X6 Z-12 



The straight line distance between point A and B is 12. 

Therefore the snallest radius which can be pro;:Jrammed is 6.00 rnm. ACIRCULAR 

INTERPOLATION page, as follows, ~uld produce semi-circular form. 

X 6.0 Z-12.0 RAD 6.0 CW 

Once a radius has been pro;:Jrammed it is now required to give the tool movement a 

SENSE OF DIRECTION. In the above example a clockwise direction of rotation has to 

be programmed. This is achieved by deleting the letters CCW ( abbreviation for 

counter clockwise). D:> this by IIDving the flashing cursor using the single arrowed 

key pointing to the right under one of the letters CCW and then depress the '0' 

key. 

This deletes CCW and you are left with the letters CWo If on further studying __ ~ 

the page, an error has been made and the pro;:Jrcrn required CCW tool IIDvement, simply 

press the G02/G03 key and enter the full page again this time pressing the '0' key 

with the flashing cursor under the letters CW. 

You must now enter a FEEDRATE for the tool IIDvement, and this should not be less 

that 40 mm/min or 1.5 inches/min. 

Canplete the page by entering the appropriate TOOL NUMBER and SPINDLE SPEED. 

NOTE Any minor are being programmed i.e. between 0° and 180 0 either CW or CCW can 

be entered in one page of information. Any major arcs, i.e. greater than 180 0 

should be constructed using 2 minor arcs in 2 separate pages. 
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EXAMPLES 

o 
A 

10 

15 

) 
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With the tool alrecdy at the 

position A 

X 10.0 Z-lO.O 

The I:8ge for circular interpolation 

is as follows: 

X 15.0 

RAD 5.0 

Z-ls.O 

SEN3E OJ 

Wi th the tool posi tim at A the page 

for circular interpolation ~s as 

follows: 

X 5.0 Z-s.O 

RAD 5.0 SEN3E CW 



PAGE 08 THREADING •• G33 
IN/OUT-SIDE.DlAM 
ROOT-DIAMETER 
CUT. ( INCR) •• X 
LENGI'H •• Z 

PITCH 
STARr'S 
TCOL-NO 
SPINDLE-SPEED 

Fl - QUIT 
F2 - SELECT PAGE 

Selected by pressing the [G 33t¥' 

The page before SCREWOJ'ITING should take the tool level with the dianeter to be 

screwcut and contain a spindle speed ready for the appropriate thread to be cut. 

(See GRAPH for spindle speeds for screwcutting page 47.) 

Press the G33 key and key in the IN OR OUT-SIDE DIAMETER e.g. for a 12 mm 1.S.0. 

METRIC CDARSE EXTERNAL THREAD key in diameter of 1d.:.Q.. 
e.g. for a 12 rom I.S.O. metric coarse INTERNAL thread key in a diameter of 9.85. 

Press the E key and key in the ROOT DIAMETER. The ROOT DIAMETER will, of course, 

detennine whether the thread is internal or external. 

i.e. A smaller root diameter will therefore produce an EXTERNAL thread. 

A larger root diameter will produce an INTERNAL thread. 

Press the E key to enter this infonnation. The size of the cuts necessary to take 

the tool to the root diameter is now entered (i.e. OJT (INCR) ••• X). This can ~ 

any value snaller than the depth of thread and is an INCREMENTAL VALUE. 

E.G. 12 rom External thread 

12 rom OUTSIDE DIAMETHER 

9.85 ROOT DIAMETER 

therefore total depth of cut is 12-9.85 = 1.075 
2 

say 1.07 

So any aJT size taken as an incremental value on the 'X' axis can now be entered 

less than 1.07. 
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This value is obviously deperrlant on the material. 

example, YtOuld te appropriate if cutting mild steel. 

A value of 0.03 nun, for 

If the cur SIZE is oot divisible exactly into the total depth of cut ORAC will do 

the necessary calculations to mum up the last cut. 

E.G. 

1.07 = 35 cuts of 0.03 am a final cut 0.02. 

Once the root diameter has teen reached CEAC is programned to take ~ further cuts 

at the final depth to clean up the thread. 

Press the E key to enter the cut size. 

Now a LENGTH must te entered. 

This is also an INCREMENTAL value always taken towards the chuck whether a -ve or 

+ve value is programmed. 

Press the E key to enter the LENGTH CF 'lliREAD. Now key in the PI'IOi size. This 

value has progranming limits. 

The minimum PITCH is 0.35 mm/ .014" 

The maximum PITCH is 3.50 mm/0.138" 

The value for the PITCH in both ~tric am Imperial is entered as a decimal to a 

maximum of 2 am 3 decimal places respectively. My size of pitch programned cbove 

the maximum value am telow the minimum value will result in stoppage of execution 

of the program am return to the manual c.peration p3.ge will result. 

Press the E key to enter the PI'IOi. 

The number of STARTS used in a program is always 1. 

Key in a '1OOL NUMBER and press E. 

A SPINDLE speed is finally entered. 

The value for the spirrlle speed depends on the pi tch entered. The smaller the 

pi tch, the faster the spindle speed. 

A general ratio of pitch to spirrlle speed is slx>wn on the Graph of SPINDIE SPEED 

AGAINST PITCH (see p3.ge 47). 

NOTE: The feedrate override will have 00 effect during execution of the 

screwcutting cycle. 

Spindle speed override will affect the traverse of the cycle. 

i.e. Increase of spirrlle speed will increase the feed rate am visa versa. 
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It is bad practice to effect a spindle speed O\7erride 'Illilst in the screwcutt 

cycle because too high an increase oould resul t in a return to the "MANUAL 

OPERATION" page. 'nle red stop button urrler the manual section of the keyboard will 

have I'X) effect whilst taking a pass along the material, lDwever, it will stop 

execution 00 the return pass. 'Ib restart the execution press the ~re green 

start button urrler the manual section of the oontrol panel and the tool will drop 

in at the correct point al the thread. 

If on execution, the cut size al the X axis is too large, you must return to the 

menu by stopping the execution as explained cbove, and depressing the reset key 

underneath the right hand side of the machine. You are then in a {X>Si tion to aH t 

the program. 
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5. IIiELL 

PPGE 06 J::lNELL •• G04 

TIME. ( SEes) Selected by pressin1 the [G 04] key. 

Fl - QUIT 

F2 - SELECI' PAGE 

A OVELL can be entered at any stage in the progrcm to stop the tool mvement at a 

certain point, maybe in a recess or a spot face. '!his value is entered in secone.... 

up to a maxmuu of 99. During the execution of a !:WELL the seconds will· be sham· 

counting down 00 the screen. Once at zero the execution of the progrcm ·will 

continue. 

NOI'E: 00 NO!' progrcm a rMELL for a tool change. 

See SECl'ION 26 PAGE 75 for tool changing. 
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6. AIJXILLIARY INPUTS 

PllGE 10 AUX- INPUTS •• G26 

E 
F 
G 
H 

Selected by p<essing the [Ci26] key. 

Fl - QUIT 

F2 - SELECT PK;E 

The 4 AIJXIll..IARY INPUTS, E F G H, can be programned as a 'wait' or a 'hold' 

function by entering a control symbol in the program adjacent -to the input letter.­

Entering a '0' (zero) causes the program to hold awaiting an input signal to that 

input tenninal. 

Entering a 'I' (one) causes the program to hold awaiting the removal of an input 

signal to that input tenninal. 

LeaviIYJ a space means that any signal present should be ignored. 

EXAMPLE A microswitch could be positioned in sane way as to be activated by the 

guard, and wired into one of the input tenninals, say E. (See section 33) 

Program '0' into input E. 

When the program reaches this page it will stop awaiting an input signal. 

i.e. The closure of the guard. Once it has received it the execution of 

the program will continue. If a ' 1 ' is programned into input E the 

program will stop, awaiting the guard to be taken off the microswitch for 

execution of the program to continue. 
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7. AIlXILLIARY WTPUTS 

PAGE 09 AUX-OUTPUTS •• G27 

A 
B 
C 
D 

F1 - QUIT 

F2 - SELECT PAGE 

Selected by pressing the 

The 4 output relays, ABC D, can be used to control auxiliary equipnent by enter 

either a 'I' (one) or 'a' (zero) adjacent to the relay letter. 

Entering a '1' (one) causes the relay to switch on. 

Entering a 'a' (zero) causes the relay to switch off. 

Leavil'XJ a space means no change in state. 

EXAMPLE It is possible to control spray mist coolant through the AUXIr::.IARY OUIPUT 

due to the fact that it is controlled electrically. Connect up to any 

output terminal, say 'B' and progrcm a 'I' opposite B at the output page. 

Once this page is reached in the progrcm the coolant will turn on. To 

turn the coolant off at a later stage in the program, call up the 

auxiliary output page and progrcm a 'a' opposite B. 
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8. SUBlUJTINES 

A SUBROUTINE must be put into memory after the end of the main prC>'Jram and then 

called to be utilized as needed by the prC>'Jram. A SUBROUTINE is like a canned 

cycle that is put in memory with an identifying ml11ber and then can be called at 

several locations. 

PAGE 07 CALL-SUBROUTINE •• G65 

IDENT-NO 1 Selected by pressing the IG 65] key. 

Fl - QUIT 

F2 - SELECT PAGE 

This function is used to CALL up a SUBROUTINE in a prC>'Jram. The numbers entered 

opposite the IDENT-NO should correspond to the number given to the SUBROUTINE 

outside the main prC>'Jram. A SUBROUTINE can be called as many times as is necessary 

up to a maximl..l11 of 99. 

PAGE 15 SUBROUTINE-START •• G28 

IDENT-NO 1 Selected by pressir:g the [G 28) key. 

Fl - QUIT 

F2 - SELECT PAGE 

This function signifies the START of a SUBROUTINE and should only be prC>'Jrammed 

after the main prcx.Jram has been canpleted. 

i.e. If the main prC>'Jram is 10 pages long the subroutine should start at page 11 

or any subsequent page. 
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The identity number is given to the subroutine so more than one subroutine can ; 

called up using the G65 key. The identity number for a subroutine should be a 

maximum of 2 digits. Three or rrore digits would register as a program error. The 

page after G28 SUBROUTINE START should be incremental - a subroutine in absolute 

would be executed in the same place each time. 

PAGE 17 END-SUBROUTINE •• G05 

Selected by pressiIY,J the lG 05) ke:. 

Fl - QUIT 

F2 - SELEct PAGE 

This function will END THE SUBROUTINE. The page before END OF SUBROUTINE should 

always carry the necessary format for the continuation of the program. 

e.g. If the page in the program after the call of a subroutine has been programmed 

as an absolute dimension, it will only be executed as such if absolute is 

programmed at the end of the subroutine. 

N.B. ALWAYS start the programming of a subroutine in INCREMENTAL. 

Always end the programming of a subroutine in the format used for the rest of the 

program. 

e.g. of a subroutine build up. 
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DRAWING No. SUBROUTINE 

~ 
PROGRAMME DATUM 

ORA~ DESCRIPTION 

CASSETTE 110 
TOOLING: . -J No. 0 • TOOL REF MATERIAL .. 1 tI .AJl 

Z X .. 2 

PROG RAMME BY .. 3 
AMD 

INS/MM ~if-
.. 4 

DATE Lr X= .. 5 

18-4-85 Z= .. 6 INS/MM .. 7 
BELOW IS AN EXAMPLE OF .. 8 
A THREAD CUTTING PAGE .. 9 

PAGE THREAD DIA- ROOT DIA_ CUT.INCR ••• X_ LENGTH.Z (lNCR) PITCH 

.. STARTS TOOL No SPINDLE SPEED 

G & M ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 
PAGE FUNCTION RADIUS 

CW/CCW RATE 
TOOL 

SPEED X Z X Z -
01 G71 

02 G90 

03 G50 20 15 

04 M03 

05 GOO 16 1-12 l200 1 600 

06 G65 

07 GOO 16 1-32 1200 

08 . G65 

09 GOO 20 15 11200 

10 M05 

11 M02 , 

12 

13 G28 

14 G91 
15 GOI -6 0 40 
16 GOO 6 0 ~200 

17 GOO 0 ~8 

18 GOI -6 0 40 

19 GOO 6 0 ~200 
20 G90 

21 G05 

-
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PAGE 

01 

02 

03 

04 

05 

O~ 
-

0, 

08 

09 

10 

11 

12 

13 

-

9. ID-IOOPS 

When the operator desires the same operation or series of operations to be done 

several times the DO-LCOP is of great importance. The operator need only program 

the first complete sequence, he may then repeat this as many times as he desires up 

to a naximum of 99. 

The nanner in which this is accomplished is as follows: 

Depress G73 (START [x}-LCOP) 'N' where N is the count or the number of times the 

routine is to be repeated. Advance to the next page. The information now 

programmed will be repeated the desired number of times. After entering this 

information end the DO-LCOP by depressing the G06 (END [x}-LCOP) key. 

Example: Suppose a bar of diameter 20 rom requires turning down to a finish 

diameter of 10 rom, 25 rom long, this can be accomplished using a DO-LCOP. 

G & M ABSOLUTE INCREMEN.TAL SENSE FEED SPINDLE 
FUNCTION RADIUS 

CW/CCW 
TOOL 

X Z X Z RATE SPEED 

G71 

G90 

G50 10 5 

M03 

GOO 10 0.5 1200 1 1000 

G73 5 

G91 

GOO -1.0 0 1200 

G01 0 -25.5 100 

GOO 0.5 0 1200 

GOO 0 25.5 

GOO -0.5 0 

G06 
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In this DO-LCX)P the tool rcoves towards the centre line 1 mm. A cut is then turned 

towards the chuck 25.5 nun, giving a turned length of 25 mm. The tool then retr. .;s 

0.5 mm to avoid leaving trail lines, and returns to its Z start position. The tool 

then returns to its X start position. 

This operation is repeated 5 t:imes leaving the bar the desired 10 mm dianeter. 

Please note the time savings involved: Rather than having to program each 

individual pass and tool retraction etc. by using point to point canmands which 

would have taken a total of 2Q pages, the sane was done in a DO-LCX)P using only 8 

pages. 

Instructions in a DO-LCX)P are usually INCREMENTAL. 

PAGE 11 START-DO-LOOP •• (;7 3 

COUNT Selected by pressing the [ei73J key. 

FI - QUIT 

F2 - SELECT PAGE 

This function signifies the start of a DO-LCX)P. The Count is the nunber of times 

the series of operations is to be repeated. Any value fran 1-99 can be entered. 

Any value above 99 would register as a program error. 

PAGE 13 END-DO-LOOP •• G06 

Selected by pressing the lei 06) key. 

Fl - QUIT 

F2 - SELECT PAGE 

This function signifies the END of DO-LCX)P. It is worthwhile remembering at this 

stage that unless altered, the format is still in incremental. 
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PAGE 15 START-SPINDLE •• M03 

Fl - QUIT 

F2 - SELECT PAGE 

PAGE 16 STOP-SPINDLE •• M05 

Fl - QUIT 

F2 - SELECT PAGE 
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Selected by pressing the [ ~ 03 1 key. 

This function will start the spindle 

at any point in the program, and will 

reach the programmed value in any 

subsequent block. 

Selected by pressing the I ~ 05] key. 

This function will stop the rotation 

of the spindle at any point in the 

program. This should generally be 

used before a manual tool change or 

before the M02 end of program camnand. 



la. 

PAGE 14 END-PRCX;RAM • • M02 

Selected by p<essing the lr102] key. 

F1 - QUIT 

F2 - SELECl' PAGE 

This function signifies the end of the progrcm. However, subroutines can still be 

progranmed after the main progrcm has been canpleted. 

If the canpletion of a progrcm has now been made it will be necessary to return to 

menu. (See SECTION 19 PAGE 59.) 

NOI'E: Before the end of a program ensure that 'IOOL 0 is progranmed in the last 

point to point page alo~ with the program Datun X and Z positions. This is 

necessaty because any other tool progrcmned will carry an offset and thus 

re-execution will start fram a different position. 
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There are 3 different ways in which the operator can return to menu. 

1. If midway through entering a program or at the em of a program you can return 

to the main menu by pressing keys F am I. 'Ibis will list the program errors 

am sOOw the total at the bottan of the screen. JRpress the E key am this 

will return you to the main menu. 

2. If at any stage in the build up or execution of a program you can return to the 

main menu ~ pressing the reset key urx3er the right han] side of the control 

panel. '!his WILL WI' cancel the program. 

3. Q1 depression of the anergency stop button the control automatically drops into 

the MANUAL <PERATICN IOOde. Q1ce in this nr:lde you can return to the main nenu 

by depressing the ~re red stop key urx3er the manual section of the keyboard. 
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SECTICJiI 20 

On quitting a progrcm either midway through or at the end by pressing F and I, a 

list of program errors is given, and the screen displays the pages at which these 

errors occur and the total at the bottan of the screen. 

A progran error refers to an anission of a value in the build up of a progran. It 

does not refer for example, to an oversized dDnension or a high feedrate. 

On the displaying of the program errors make a note of the pages and edit the 

program accordingly. Press E and this will return you to the main nenu. If 

program errors are still present, on Execution the progran the number of errors and 

the pages will again be displayed after the depression of keys 7 and E. The 
, 

operator cannot, however, proceed with the execution of the program because on t.. __ 

depression of the E key, the screen will return to the main nenu. It is therefore 

necessary to correct all the errors via the edit node before execution can take 

place. 

If no progrcm errors are present after selecting F and 1 , the screen will 

autanatically return to the main menu. 
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SEX:l'ICE 21 

With the main menu being displayed on the screen press keys 1 and E. The screen 

will now display 

CASSETTE WADED? 

Place the cassette with the required program on into the holder and close the 

holder. AcknC1Nledge that the cassette has now been loaded by pressing E. 

It is now required to select the position on the cassette, where the program is to 

be stored - select either 1 or 2. The cassette will now autanatically rewind and 

then take the data off the cassette at the desired position. 

NOTE: Ensure that the side of the cassette holding the required program is facing 

out once placed in the holder. 

If the holder is not closed, or a cassette is not placed in the holder, and the E 

key is depressed, the process will be 'AOORl'ED' and return to the main menu a;;Jain. 

To stop a transfer of a program fran cassette once the cassette has started to 

rewind, depress the RESET button under the right hand side of the control panel. 

This will return you to the main menu. 

When a program has been taken off the cassette, the screen will display 

CASSETTE LOADED? (l( 

CASSETTE I.D. NO. • ••• 

ClIECKSUM •• OK? 

The I.D. number will be the number given to the program when previously stored on 

cassette. This could range fran a single to a 4 digit number. 

The Checkslln number will be a 1 to 3 digi t number. This refers to the number of 

characters in the program. Check that this is the same as the checksun number 

displayed on the screen when the program was first stored on the cassette. If this 

is so confinn that all is (l( by pressing E •. The screen will now display 

PR)GRAM TRANSFER COMPLETE for 2 seconds and return to the main menu. 

If a cassette is damaged and the program is being taken off cassette, sane 

infonnation may be lost during the transfer. ORAC will infonn you of this error by 

displaying 'CHECKSUM ERROR' or 'INSUFFICIENT MEMJRY'. If this occurs it is 

advisable to try another cassette. 
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m S'lORE A m::x;lWl ~ CASSElTE 

If a program in memory requires storing on a cassette, firstly return to the main 

menu. Now press keys 2 then E. The screen then displays 

CAsSE'ITE LOADED? 

Place the cassette into the holder with the side to be used for storing the program 

face out. Close the holder and depress the E key. The screen will now ask for the 

identity number of the new program. 

To avoid canplications the next time the cassette is used, enter a 1 to 4 digit 

number and press E. It is now required to enter the position on the cassette for 

storing the program. Press either 1 or 2. The cassette will now autanatically 

rewind and store the program onto cassette. 

If the program previously on cassette has been altered and is n.c:M being replaced t.._ 

the same cassette, give it a different 1.0. Number. '!he program previously on 

cassette will be erased by the storage of a new program even if they are of 

different lengths. 

To Abort a storage of a program once the cassette has started to rewind depress the 

reset button under the right hand side of the control unit. This will result in a 

return to the main menu. 

Once the program has been stored on the cassette the screen will display 

"program transfer canplete". 

If you require to store a program indefinitely on cassette, remove the black pin 

located in the corner of the cassette, for which ever side is being used. Nt. 

write the identity nunber given to that program on the cassette for future 

reference. 
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SECrI~ 23 

EDITING A PR:X;RAM 

Once a prD:Jran is in memory and requires EDITING firstly return to the main menu. 

Now select editing IICde by depressing keys 6 then E. Page one will now be 

displayed on the screen. To advance through the pages of the progran press the key 

with the 2 arrows in the downward direction. Each tline the key is depressed the 

page will advance by one, keeping the key depressed will advance through the 

progran page by page. 

To search for the required page of infonmation press F then 2. Enter the desired 

page number followed by E. The new page will now be displayed. 

Once at the page which requires altering take the cursor down to the required line. 

This can be done using either the E key or the single arrowed keys. With the 

cursor at the required line, take it under the value which is to be altered. 

This value can now be altered in 3 different ways. 

E.G. 

1. If the curren~ value of say 100 is to be changed to 250, take the cursor under 

the 1 in 100 and now key in the new value of 250. This will autanatically be 

written ~er the top and the new value will now be displayed. 

2. If the current value of say 250 is to be changed to 25, take the cursor under 

the 0 in 250 and press the'S' key. This will put a 'SPACE' in place of the 

zero and 25 "will currently be displayed. 

3. If the current value of say 150 is to be changed to say 1900, this can be 

altered using either method 1 or by takiI'YJ the cursor under any number value of 

150 and pressing the '0' key to delete the full value. Once deleted enter the 

new infonmation of 1900. 

'ID ClWGE THE FUNCl'I~ OF A PAGE 

Select the required page and then depress the new function key. This will 

autanatically delete the existing page and the new function will be displayed. 

Enter the data applicable to that page in the nonnal manner. 
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DELE'l'IN:; A PAGE 

Select the required page and depress the ',PI' key (PAGE DEIEI'E). That information 

will automatically be cleared form memory. This will result in all the following 

pages having their page number decreased by one automatically. 

E.G. If page 10 is to be deleted, carry out the instruction on the previous page. 

Page 11 will now becc:xre page 10, page 12 will now becate page 11 and so on. 

~APAGE 

Once you have canpleted a progran it sanetimes becanes necessary to add a page 

sanewhere in the middle of the program. For example, if you had a 50 page progran, 

and you found that in between pages 20 and 21 you wanted to insert another pagl 

ORAC is equipped to handle this situation. In order to accomplish this select page 

21 and the data present in that page will be displayed. At this point press the 

'Pi key (page insert key). Page 21 will still be displayed, however, there will be 

no data present. The information previously at page 21 will now have been :mJved 

forward to page 22. 1b enter the new information into page 21 depress the 

appropriate function key and enter the information in the normal manner. 

When it is decided that the progran is satisfactory, exit fran the edit routine by 

depressing keys F followed by 1. Check no progran errors are present and depress 

E. This will nON return you to the main menu. 
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SFX:I'IOO 24 

GRAPHICAL SIMDIATIOO 

It is advisable to verify all progrcrns in memory using the toolpath simulation 

facility. This will display llmnediately any dimensional program errors by 

displaying the bar stock being machined step by step on the VDU. 

Proceed as follows: 

Firstly depress 8 followed by E. A check will be made for any program errors. If 

no errors are present you must now enter the billet diameter. Enter this value in 

the units selected for the program and then press E. It is then required to enter 

the length of the billet, outside the chuck. Press E to enter into memory. 

At this point in the routine the drill diameter is being requested. If a drill is 

being used enter the diameter by pressing D followed by the drill size, and enter. 

If there is no drill being used s~ly press E to enter. 

The billet size, approximately to scale, will now be shown in the chuck. Increase 

the size using the l' key and decrease using the oJ, key. Once satisfied press 

enter. 

The following page will now be displayed. 

GRAPHIC SIMULATION 
page type 

tool rack 
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is entered - allocate the tool 
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this tool. 



Allocate a tool number to each tool, eg, the tool on the left of the tool rack mu 

first be given a number. If this shape or any other tool shapes are not desired 

snnply enter a 0 and the next tool will await a tool number. 

If the tool shapes present on the VDU do not correspond to the tools to be used, it 

is possible to construct a further tool shape using the snall dianond tool to the 

right of the rack. Enter a 0 under each tool shape not required, then enter the 

tool number for the dianond tool. The cursor will then flash below this tool. 

The shape of this tool can now be increased or decreased in length using the ",1' 
keys and in width using the '- --? keys. Once satisfied with the shape press E. 

If an error has been made at this point the tool rack can be now re-entered in the 

same manner. 

After correct selection of the tool shapes press Enter and the snnulation can now 

be started by pressing the square green start button on the manual section of the 

control panel. 

During the snnulation, the feedrate can be decreased to a slow feed using the -ve 

key on the feedrate override and then increased to .the fast speed using the +ve 

key. 

The snnulation can also be stopped by depressing the square red stop key and then 

restarted using the square green start key. 

Once the snnulation is canplete you can return to the main menu by depressing l 

square red stop button. 
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SEX:TICJiI 25 

Once a program has been loaded into memory and all editing is oarnplete you are now 

ready to machine the part. Unlock the anergency Stop Button and depress keys 7 and 

E. 

The total nunber of program errors are now displayed. With no errors in the 

program the screen will display: 

** MANUAL OPERATION ** 

X 652.80 

Z 652.80 

FAST FEED 

The tool can now be noved under manual control on both axis using the axis job 

buttons located under the manual section of the keyboard. The initial feedrate for 

the jogs is indicated on the screen as FAST FEED. The feedrate can be changed by 

depressing the IlHANDIl key. See section l3 PAGE 26 for manual controls. 

NOTE Until tool offsets have been set the actual values displayed for X and Z ·give 

no indication of actual tool position. Once in manual control after the 

setting of the tools is complete the display indicates the actual position in 

Both axis in absolute units, taken from X zero and Z zero. 

To proceed with the execution of the program, press the square red 'STOP' key under 

the manual section of the keyboard. This stops manual operation and the 'lIDL 

OFFSET menu will be displayed. 
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SErl'IGt 26 

************** 
TOOL OFFSETS 

************** 

CHOOSE TO :-

1) SET TOOL OFFSETS 

2) EDIT TOOL OFFSETS 

3) LOAD OFFSETS F'R.G1 TAPE 

4) SAVE OFFSETS ON TAPE 

PRESS F TO STAR!': AT PAGE 

In order for the machine to produce an accurate part fram the program the computer 

must know the difference in position of the cutting edges of each tool in both X 

and Z axis. 

The control system can store up to 9 pairs of tool offsets. Tool 0 is designated 

as a reference tool. All other offsets -are relative to this tool. 
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1. ro SET 'IOOL OFFSETS 

For settinJ all the offsets for the progran depress keys 1 then E. The page is 

displayed as shown. 

SET 'IOOL OFFSETS 

'IOOL NO. ? (E=ENTER,/EXIT) 

TOUCH ZO PLANE (STOP=CONFIRM) 

TOUCH KNOV\N X DIAM. (STOP) 

KEY-IN DIAMETER (E) 

FAST FEED 

Key in the tool number and press E for 

Enter. If it is required to return to 

the menu omit the number and s~ply 

press E for Exit. 

The first tool number will be 'IOOL O. I:2press 0 then 'E'. 

Touch on the ZO Plane with the tool. This is normally taken as the end of the 

workpiece. [b this using the axis jog buttons. The feedrate is indicated on the 

bottom right hand corner of the screen. The initial feedrate if FAST, however, it 

is advisable to approach the job on Sl..[J.IJ and the STEP feed. If necessary face up 

the work using the jog buttons. Once satisfied that the tool is set at the end of 

the workpiece press the square red 'STOP' key. The Z axis is now set at zero for 

this tool. 

To set the X axis touch on a known X dianeter, again using the axis jog buttons. 

NOTE ONCE THE Z AXIS IS ZEroED THE FEED RElURNS TO FAST. 

THE FEEDRATE INDICATED ON 'IRE SCREEN MA.Y Nor BE THE ACTIVE FEEDRATE. PRESS 

THE 'HANO' KEY TO CEANGE THE FEEDRATE. THIS IS NCW THE ACTIVE FEEDRATE, AND 

IS INDICATED BY THE FIASHIOO CURSOR. 

If the diameter is not true use the jog buttons to turn a diameter. 

Once the diameter has been turned take the tool away fran the work on the Zaxis 

only, leavinJ the tool level with the diameter. TO set the position of the tool on 

the X axis, press 'STOP'. 
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Stop the spindle and measure the diameter. Now key in the diameter in the SA' 

units as chosen for the Program Iatum. If the wrong value is entered, take the 

cursor back l.11'XIer the numbers and OITerwrite as in the edit ncde. When satisfied 

that the value is correct depress 'E'. 'D1.e setting IBge will appear again for the 

setting of the next tool. Set the offsets for all the tools as explained and then 

return to the tool offset menu by pressing 'E' for Exit. 

NOl'E: 'lbol 0 is dlosen as a reference tool and should oot I::;e used as a tool during 

a program. 'D1.e reference tool is set SD that a program using several tools 

can easily I::;e re-executed for the following batch by taking the offsets off 

tape and then setting the reference tool, as ALL offsets are taken relative 

to this tool. 

It is fX>SSible OOwever, in a single tool program to use tool ale as this refereru. 

tool. I.E. Set tool 0 as previously explained using tool 1. It is then mt 

necessary to set tool 1 as this is the same tool and therefore will have 00 

difference in position to tool o. 

When satisfied with the offsets and with the tool offset menu on the screen, you 

can edit the offsets. 
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2. EDITDG '!BE 'lOOL OFFSETS 

Depress keys 2 then E. '!he offsets for each tool relative to tool 0 will row be 

shown as below. 

----** 'lOOL OFFSET EDIT ** 

'lOOL.o 
'lOOL.l 
'lOOL.2 
'lOOL.3 
'lOOL.4 
'lOOL.5 
'lOOL.6 
'lOOL.7 
'lOOL.8 
'lOOL.9 

X Z 
000.00 000.00 

-002".35 000.10 
010.15 -020.75 
001.00 000.10 
000.00 000.00 
000.00 000.00 
000.00 000.00 
000.00 000.00 
000.00 000.00 
000.00 000.00 

"F" '10 (lJIT 

'!he offsets are displayed in the units 
selectErl for the program Catum. 

'!he offsets shown in the example can be interpreted as OI1erleaf: 

If after producing several a::mponents a diameter is OI1ersize, a tool offset can be 

edi ted to canpensate for the tool wear. 

If say tool 2 was used to finish turn this diameter am it was folll'rl to be 1 nm 

oversize, the offset value on the X axis must be INCREASED by 0.5 mm giving a new 

value of 10.65 nm. Using the single arrowed keys take the cursor to the line for 

tool 2 and key in the new value 10.65 llI'rler the X axis column. 

If say tool 1 was the tool being used am the diameter was 1 mm OI1ersize, the 

offset value on the X axis \Glld have 0.5 ItI1\ alded to it giving a new value of 

-1.85 nm. 

The Erli ting procedure explained above stx>uld be applied in exactly the same way for 

al tering the lengths of a::mponents. 

Once it has been established that the offsets are satisfactory return to the TCX>L 

OFFSET menu again by pressing 'F' to Qlit, as instructed on the screen. 
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TOOL 

0·10 

1 

TOOL 0 
Xo Zo 

TOOL I 

1i L 0 
Xo Zo 

TOOL 0 
XO Zo 

TOOL 3 
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If a progrcm to be executed, has offsets that have previously been stored on 

cassette, it can be re-executed by takiNJ the offsets fran tape and setting tool O. 

( ProvidiNJ, of course, that the tools have not been noved in the holders.) 

with the tool offset menu current, depress keys 3 then E. The screen will display 

"CASSE'ITE LOADED?". Place the appropriate cassette in the holder and press E. The 

screen will now display "Tape position I or 2?". Select the desired position by 

pressing either 1 or 2. The cassette will now rewind to the beginning and load the 

offset data. Wlen the tape stops, the cassette I.D. Nunber is displayed, along 

with the Checksum. Check that the Identity number is the same as the one given to 

the offsets when stored on cassette. Confinn by depressing 'E' and the screen will 

display 

"~TA TRANSFER a:>MPLETE" 

If this .does not occur, an error message will be observed such as 

"INSUFFICIENT MEMJRY" 

"CHECKSUM ERROR" 

"ABORl'EO" 

(In both loadiNJ and saviNJ functions, if error messages occur, then the operation 

should be repeated in case the malfunction was caused, for· excmple, by a line 

transient or same other none repetitive interference. If continued error messages 

occur then the cassette has nost probably been damaged.) 

Once offset data has been transferred to memory the tool offset menu will be 

displayed. 
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4. 'ID SAVE '!BE OFFSETS 00 TAPE 

Once all the tool offsets have been set it may be necessary to store these offsets 

on tape to be used on another occasion. Depress keys 4 then E. The screen will 

display CASSETTE LOADED? 

Place a cassette in the holder and depress the E key. 

The screen will row display "Tape position 1 or 2?". Select the position by 

pressing either 1 or 2. (It makes sense to store the offsets at the same position 

as the program.) It is now necessary to enter an identity number. 

Enter a number up to 4 digits and depress the E key. With the entering of the 

fourth digit the cassette will autanatically rewind and store the offsets on 

cassette. The offsets can be stored on the same side of the cassette as tL 

program. 

The Checksum Number will be displayed on the screen when the E key is depressed. 

This, as with the program storage, gives an indication of the memory used in 

storing the offsets and is displayed as a Hexadeclinal number. 

When the trarsfer of the offsets onto cassette is complete, the screen will display 

"DATA TRANSFER CDMPLETE" 

Note that the tape transport mechanisn starts autanatically, first rewinding the 

tape back to the start, then operating in the forward direction and recording the 

offset Data. If for sane reason that Data is not transferred onto the tape, this 

last message will be displayed as "TCOL OFFSETS NOT VALID" or "ABORTED". Repe<- _ 

the procedure and if the same occurs try a new cassette as the existing one is rrost 

likely damaged. 

Once the information has been transferred the screen will return to the tool offset 

menu. 

To continue with the execution of the program follow the instructions on the 

screen. "PRESS F to start at page ?". 

Silnply press the F key followed by the page at which execution is to commence. EG, 

To start fram the beginning of the program press F then 1 and Enter. 
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It is important to note that before depressing IFI to Quit the offset routine, 

remove the last tool set. Failure to do so could result in the axis moving to the 

prOJram datun and colliding with the v.urk. 

The axis will now move to the program datum and this position will be displayed on 

the screen. If, however, on canpletion of the offsets, the axis happen to be 

positioned at the program Datum, then X and Z will be displayed with no positions, 

because no movement has occurred. 

Page number 4 will be displaying these positions as well as the current feedrate, 

and the desired tool number. The spindle speed will be displayed once the program 

has started. 

Pages 1, 2 and 3 have already been executed. 

Before starting the execution of the program, ensure that the correct tool is 

fitted as indicated in the display. Now start the spindle with the round green key 

under the spindle controls, and then start the cycle by pressing the square green 

key under the manual section of the keyboard. 

The machine will execute the program page by page, changing speeds and feeds as 

programned, and only stopping for tool changes, a DoNell, or whilst waiting for a 

progranmed input to occur. 

When a tool change occurs the axis and spindle stop, and the next tool number is 

displayed on the screen indicated by the flashing cursor. To restart the program 

change the tool and start the spindle. With the spindle running depress the start 

button under the manual section of the keyboard. The tool offset is automatically 

set for the new tool before execution continues. 

On the completion of the penultlinate page, the machine will stop and request for a 

tool change to tool o. Take out the current tool and continue wi th the execution 

back to program Datum. It is not necessary to place tool 0 in the holder as it has 

no particular function. 

When the program is finally canplete, the screen will display "LAST PAGEl, and then 

return to the main menu. 
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S.er.rICE 27 

EKECIJTIR; '!BE 2ND OFF 

On canpletion of a program it may be necessary to repeat the same canponent several 

times. It is therefore necessary to have the same length of bar extended fran the 

chuck jaws. Tool 0 can be used as a bar stop. 

Therefore with the finished canponent still in the chuck program a tool change away 

fran the ~rk to Tool O. The axis will stop and await confi~tion. Insert Tool 0 

and program this tool to travel to xo ZO where a further tool change should be 

progranmed, to say Tool 1. At this point tool 0 is at zo with no offsets, and the 

spindle and axis will stop awaiting a tool change. At this point take out the 

finished canponent and insert the new blank, pullirx.;J it out to touch Tool 0 (the 

Bar Stop) and tighten the chuck. The new bar now has exactly the same Zo as the 

finished canponent. Take out tool 0 and start the rest of the cycle. Remember 

return to the program Datun with tool 0 in the last page. 

To start the re-execution of the program depress 7 then E. 

With no errors present the manual operations page will be displayed. 

Depress the stop key to quit nonnal operation. 

,If all the sizes on the canpleted canponent were correct, and it is not necessary 

to edit the tool offsets, depress 'F' followed by the desired page number where the 

program is to be started - usually page one. 

Start the spindle and then the cycle. 
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During the execution of a program it is possible that the tool could break or cause 

a bad surface finish by shattering due to excessive tool wear. 

To overcane this problem simply stop the execution by depressing the square red 

stop key under the manual section of the keyboard. It will now be necessary to 

take the tool away fran the work in order to be aJ:;>le to change tip or to remove 

fran the holder to regrind. This can be done using the axis jog buttons. Depress 

"MAN" under the manual section, and "MANUAL OPERATION" will be displayed, along 

with the current X and Z d~ensions. Now by depressing the appropriate axis jog 

buttons the tool can be brought away fran the work. Carry out whatever is 

necessary wi th the tool and stop manual operation be depressing the "STOP" key. 

The TOOL OFFSET MENU will nON be displayed. 

If a tool has been reground, it may be necessary to reset the tool offset. Carry 

out the procedure as explained in section 25 page 66. Vhen satisfied with the 

tool, depress 'F' followed by the page nunber where execution needs to be 

re-continued. 

The axis will nON return to the start of the novement in which the tool was damaged 

and continue its execution. 
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SECrIOO 29 

'!HE RESEr ~S 

You will notice on the front panel there are 2 'RESET' labels. These are to 

indicate the buttons located below the front panel. The reset button on the right 

hand side of the control panel situated below the cassette unit can be depressed at 

any stage during a program build up or execution and will result in a return to the 

main menu, WI'IHOUT LOSS OF MEMJRY. If depressed during the execution of the 

program it is advisable to reset tool 0 again. 

The reset button located below the manual controls is used for resetting the lnnit 

switches on the axis of the machine. (Located at either end on the X axis and at 

the Headstock end on the Z axis.) If, during manual operation of the axis or 

during the exectuion of a program, the X axis (and Z axis on sane systems) hits the 

limit switches then the screen will display "MANUAL OPERATION" and the axis a. 

spindle are inoperative. To reset the switches depress the reset-button and hold, 

while at the SAME TIME depressing the axis jog button to TOC>ve the axis away fran 

the limit switch. Once this has been accomplished the reset key can be released. 

If this occurs during the execution of a program, re-execution must commence fran 
page 1. 
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SECTIOO 30 

GJIDET.JNES 

Following these guidelines will assist the operator, and reduce costly programming 

errors. 

1. Start each program with the units or format in pages 1 and 2 and follow these 

with the Program Datun. 

2. DD-loops and Subroutines should usually be programmed incrementally. 

3. Remember to return to the format used for the rest of the program at the end 

of a Do-loop or Subroutine. 

4. Subroutines must be entered after the end of the program. 

5 • Subrou tines cannot be contained wi thin subroutines or Do-loops. (I. E. Nested.) 

6. DD-loops cannot be nested within Do-loops or Subroutines. 

7. ]):) not override the maximum feedrate of 1200 rmn/min 47"/min. 

8 • Ensure that the feedrate programmed is canpatible with the units selected. 

9. The minimum feed rate for circular interpolation should be 40 rrm/min or 

1.5 inches/min. 

10. Any minor arc (less than 180") either CW or CCW can be programmed in one page. 

Major arcs (greater than 180") should be constructed using two minor arcs. 

11. ]):) not program a radius which is less than the value to join the X Z p:>ints 

specified. 

12. Units and/or format may be changed during the pages of a program. 

13. Metric Ballscrews are used in ORAC, so therefore its prime units are MM. 

14. If keywords on pages are accidently deleted (e.g. FEEDRATE) this will cause a 

program error to be displayed when the program is canpiled. This can only be 

corrected by re-entering the page function and all the Data again. 
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15. 'lbo high a spindle speed or too coarse a pitch in the threading cycle , 

cause automatic rejection during execution arrl a return to ''MANUAL Cl?ERATION" 

will result, and the program nust be re-executed fran the start. 

16. 'lb ensure accurate repetitive re-execution of a prCXJram, reference tool 0 

should be programned in the last fX)int to fX)int fSge ~ this carries 00 tool 

offsets on the X am Z axis. 

17. No fX)int to fX)int fSges should be progranmed without a llOVement on X or Z. 

e.g. If already at Xl5 ZlO the following fSge cannot contain both these 

values (above in absolute fonnat - same applies for incremental fonnat). 

18. Taper turning on ORAC is done using the fX)int to fX)int function. '!he maximt.mt 

ratio between the 2 axis is 35:1. I.E. 1 rmn on X to 35 rmn on Z am v. -i 

versa. 

19. Write the program down arrl update the written copy as you are Erliting. 

20. Program the tools in sequence, always starting at number 1. Keep the written 

program arrl record the tool descripion on it. 

21. Ensure, before turning a diameter during the setting of the X axis offset, 

that the cursor is flashing below the feedrate. lmy other feedrate displayed 

without the flashing cursor may not be the active feedrate. 

22. Ensure the energency stop button is unlocked before depressing the 'FI key to 

quit the offset routine. 

23. 'HUNK! 
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DRAWING No. TEST PIECE 1 

~ 
PROGRAMME DATUM OaLe DESCRIPTION 

CASSETTE I/O 
TOOLING: 

MIS· I . OJ No. O· TOOL REF MATERIAL 
AL .. , 1{ .tt KN. :FE TCDI 

Z X .. :1. 
PROGRAMME BY .. 3 

AMI) 
INS/MM ~,._ 

.. 4 

DATE f X = .. 5 

Z= 
.. 6 INS/MM .. 7 

BELOW IS AN EXAMPLE OF .. 8 
A THREAD CUTTING PAGE .. 9 

PAGE THREAD DIA ROOT DIA __ CUT.INCR ... X_ LENGTH.Z (INCR) PITCt:t_ 

" STARTS TOOL No SPINDLE SPEED 

G & M ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 
PAGE 

FUNCI'ION 
RADIUS 

CW/CCW RATE 
TOOL 

SPEED X Z X z· 

01 G71 

02 G90 
03 G50 15 5 

04 M03 

05 GOO 13 0.2 1200, 1 800 
06 G73 5 

07 G91 

08 . GOO -1 0 1200 
09 G01 0 -30.2 80 

10 GOO 0.5 a 1200 .. 

11 GOO 0 30.2 1200 

12 G06 

13 G90 

14 GOO 10.1 -29.9 1200 10"- -.-
15 G01 10 -30 80 

16 G02 12.5 -32.5 2.5 CW 80 

17 GOO 15 0 1200 

18 GOO 15 5 1200 0 

19 M05 

20 M02 . 

-
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TESl' Pnx::E 1 

G & M 
Page No. Function 

01 G71 

02 G90 

03 GSO 

04 r-D3 

05 GOO 

06 G73 

07 G91 

08 GOO 

09 G01 

10 GOO 

11 GOO 

12 G06 

METRIC UNITS HAVE BEEN SELECTED AND WILL EFFECI' UNTIL 
CHANGED. 

ABSOLUTE FORMAT SELECI'ED AND WILL EFFECT UNTIL CHANGED. 

PROORAM J:l.D1TUM SHOULD NClV BE SET WITH THE 'X' VALUE TAKEN 
FR01 THE CENTRE LINE OF THE SPINDLE AND THE 'z ' AXIS 
FR01 THE END OF THE VDRKPIECE. 'X' 15.0 MM 'z' 5.0 MM 
(1) • 

STARTS THE SPINDLE. 

POINT 'lO POINT SELECI'ED 'lO lOlE 'lHE TOOL 'lO A POSITION 
NEARER THE VDRKPIECE READY FOR TURNING - (2). 

THE STAR!' OF A 00 LOOP IS Nor BEING CALLED. A CDUNT IS 
ENTERED OF 5. EACH PAGE OF INFORMATION ENTERED FR01 
THIS· PAGE UNTIL A PAGE CDNTAINING END 00 FUNCTION WILL 
BE REPEATED 5 TIMES. 

INCREMENTAL FORMAT SELECTED. 

THIS PAGE lOlES THE TOOL IN A DIRECI'ION 'KWARDS THE 
CENTRE LINE OF THE SPINDLE OF CNE MILLIMETRE 'lO POSI'IDN 
(3) • 

THE TOOL IS PROGRAMMED 'lO lOlE TCWARDS .THE CHUCK 30.2 MM 
GIVING A 'IURNED LENGTH OF 30 MM. 

THE TOOL NG\1 WITHDRAW) 0.5 MM 'lO CLEAR THE VDRK. 

THE TOOL IS PROGRAMMED 'lO RETURN 'lO 'z' POSITION OF PAGE 
7. 

THIS WILL END THE IX) LOOP AFTER 5 PASSES HAVE BEEN 
CCMPLETED. EACH PASS HAVING A DEPTH OF 0.5 MM. 
I.E. 

PAGE 8 t 
- 1 mn 

PAGE 9 •• -- -30.2 mm 

1ST PASS 

t::::t 
REPEAT 5 TIMES 
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PAGE 10 
0.5 mm • 

PAGE 11---•• 30.2 mm 

END 00 LOOP 
STAR!' 00 LOOP 

/CDNTlNUED 

r 



TESI' PlEa 1 /CONTlNUED 

G & M 
Pa9:e No. Function 

13 G90 

14 GOO 

15 GOl 

16 G02 

17 GOO 

18 GOO 

19 M05 

20 M02 

ABSOLUTE FORMAT NCl'V SELECl'ED. 

A POINT 'IO POINT PAGE WILL NCl'V M)VE THE TOOL JUST SHORT 
OF THE CORNER OF THE SHOOLDER JUST TURNED. POSITION (4). 

THIS POINT 'IO POINT PAGE M)VES THE TOOL DIRECTLY IN'IO 
THE CORNER AT A SI..CNl FEED. 

CIRaJIAR INTERPOLATION PRffiRAMMED 'IO GIVE A RADIUS OF 
2.5 MM IN A QUADRANT. 

THIS PAGE TAKE '!HE TOOL CLEAR OF THE ID:Rl( READY 10 
CHANGE 10 TOOL O. 

THIS POINT 'IO POINT PAGE WILL TAKE THE TOOL BACK 'IO THE 
PRC'GRAM mTUM AT FAST TRAVERSE. 

S'IOPS THE SPINDLE. 

THIS PAGE WILL END THE PR(X;RAM. 
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DRAWING No. TEST PIECE 2 

~ 
PROGRAMME DATUM ORAC DE,SGRIPTION -

CA~.:iETTE liD 
TOOLING: 

IAL 
. No. 0 • TOOL REF OJ MATERIAL MIS .. fR.~. KN .. r]~i LVJL 

Z X .. -~ 55 ::>\...t'O:iW_l :1!iK 

PROGRAMMEBY .. 3 
AMD 

INS/MM ~~ 
.. 4 

DATE Lr X= .. -0 

Z= 
.. 6 

INS/MM .. 7 
BELOW IS AN EXAMPLE OF .. 8 
A THREAD CUTTING PAGE .. 9 

PAGE THREAD DIA ROOT DIA_ CUT.INCR ... X __ LENGTH.Z (lNCR) PITCH 

.. STARTS TOOL No SPtNDLE SPEED 

G & M 
ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 

PAGE RADIUS TOOL 
FUNCl'ION X Z X Z CW/CCW RATE SPEED 

01 G70 -02 , G90 

03 G50 0.5 0.2 

04 M03 

05 G73 5 

06 G91 

07 GOO -0.05 0 47 1 900 

08 G01 0 -0.95 4 

09 GOO 0 0.95 47 

10 G06 
11 G90 

12 GOO 0.5 -0.75 47 1000 

13 G73 3 

14 G91 

15 GOO -0.041 0 47 

16 G01 0 -0.25 3 

17 GOO 0 0.25 47 

18 G06 

19 G90 

20 G01 0.325 -0.75 20 1200 

21 G01 0.375 -0.95 3 

22 GOO 0.325 -0.75 47 
23 GOO 0.28 -0.75 

24 GOl 0.375 -0.95 3 

25 GOO 0.28 -0.75 47 

26 GOO 0.255 -0.75 

27 GOl 0.37 -0.99 3 

28 GOO 0.255 -0.75 47 --
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SHEET No .•••• 2............ TEST PIECE 2 

-
G & M 

ABSOLUTE INCREMENTAL SENSE FEED SPINDLE PAGE RADIUS TOOL 
FUNCTION X Z X Z CW/CCW RATE SPEED 

29 GOO 0.25 -0.75 47 1 1300 
30 G01 0.375 -1.0 3 

31 G02 0.5 -1.125 0.125 CW 1300 

32 GOO 1 0.1 47 

33 M05 

34 GOO 0.75 0.1 47 2 130 

35 M03 

36 GOO 0.25 0.1 47 

37 G33 DIA=0.5 RCXJT DIA: 0.393 .. X(INC) =0.001 

LEN=-0.75 PITCH *0.083 STARTS =1 rra:>L=2 130 
3~ GOO 0.5 0.2 47 -
39 GOO 0.75 0.2 47 0 

40 M05 

41 M02 

. 

-

--
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TEST PIEX:E 2 

G & M 
Page No. Function 

01 G70 

02 G90 

03 G50 

04 M03 

05 G73 

06 G91 

07 GOO 

08 GOI 

09 GOO 

10 G06 

11 G90 

12 GOO 

13 G73 

14 G91 

15 GOO 

16 GOI 

17 GOO 

18 G06 

19 G90 

IMPERIAL UNITS HAVE BEEN SELECTED AND WILL EFFECT UNTIL 
CHANGED. 

ABSOLUTE FORMAT SELECTED AND WILL EFFECT UNTIL CHANGED. 

THE PR(X;RAM D.Z\TUM SHOULD NOW BE SET WITH THE I X I VALUE 
TAKEN FID1 THE CENTRE LINE OF THE SPINDLE AND THE I Z I 
AXis FID1 THE END OF THE IDRKPIECE (1). 

THIS PAGE STARTS THE SPINDLE. 

THE START OF A 00 LCX)P IS NOW BEING CALLED. 
A CDUNT IS ENTERED OF 5. EACH PAGE OF INFORMATION 
ENTERED FID1 THIS PAGE UNTIL A PAGE CDNTAINING AN END 00 
FUNCTION WILL BE REPEATED 5 TIMES. 

INCREMENTAL FORMAT ENTERED. 

THIS PAGE fvtJVES THE 'IOOL IN A DIRECTION 'IaVARDS THE 
CENTRE LINE OF THE SPINDLE OF 0.05011 TO POSITION (2). 

THE 'IOOL IS NOW PRCGRAMMED 10 TURN A LENGTH OF 0.75 II • 

AN ACTUAL 'IOOL IDVEMENT OF 0.95 11 • 

THIS PAGE RETURNS THE 'IOOL 10 ITS ORIGINAL I Z I POSITION. 

THIS WILL END THE 00 LCX)P AFTER FIVE PASSES HAVE BEEN 
CG1PLETED. EACH PASS HAVING A DEPTH OF 0.05011 • 
I.E. 

PAGE 7 
PAGE 8 
PAGE 9 

.050 
-.95 

.95 

2ND PASS 
1ST PASS 

REPEAT 5 TIMES. 

ABSOLUTE FORMAT NOW SELECTED. 

'IOOL PRCGRAMMED 10 IDVE 10 THE CORNER OF THE SHOULDER 
FIRST TURNED (4). 

THE STARr OF A 00 LCX)P IS NOW BEING CALLED. 
A CDUNT OF 3 IS ENTERED. 

INCREMENTAL FORMAT NOW SELECTED. 

THIS PAGE IDVES THE 'IOOL IN A DIRECTION 'IaVARDS THE 
CNETRE LINE OF THE SPINDLE OF 0.04111. 

THE 'IOOL WILL NOW TURN A LENGTH OF 0.25 11 • 

THIS PAGE RETURNS THE 'IOOL. 

THIS WILL END THE IX) I..COP AFTER 3 PASSES HAVE BEEN 
Ca-tPLETED. 

ABSOLUTE FORMAT NOW SELECTED. 

/CONTINUED 
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TEST PIKE 2 /CONI'INUED 

G & M 
Page No. Function 

20 G01 

~1 G01 

22 GOO 

~3 GOO 

~4 G01 

25 GOO 

26 GOO 

27 G01 

28 GOO 

29 GOO 

30 G01 

31 G02 

32 GOO 

33 M05 

34 GOO 

35 M03 

36 GOO 

37 G33 

38 GOO 

39 GOO 

40 MaS 

41 M02 

THE 'lOOL NCli MOVES TO FOSITION (5) TO CDMMENCE ProDUCI&; 
THE TAPER IN A SERIES OF CUTS. 

THE 'lOOL ProDUCES A TAPER FLUSH WITH THE DIAMETER. 

TOOL MOVES BACK 'IO FOSITION (5). 

PI03RAMMED MOVEMENT 'IO FOSITION (6). 

ProDUCES A TAPER FLUSH WITH THE DIAMETER. 

'lOOL MOVES BA.CK 'IO OOSITION (6). 

PI03RAMMED t-DVEMENT 'IO FOSITION (7) 0.005" OFF THE 
DIAMETER. 

PR:>DUCES A TAPER IEAVI&; roME MA.TERIAL FOR A FINISHll'G 
cur. 

'lOOL NCli RE'n.JmS TO FOSITION (7). 

TOOL FEEDS IN READY FOR FINISHI&; cur AIDl'G THE TAPER. 

PR:>DUCES FINAL TAPER FINISHI&; AT FOSITION (8). 

THE 'lOOL CIRCUIAR INI'ERPOLATES AT A RADIUS OF .125" TO 
ProDUCE A WADRANT FINISHI&; AT OOSITION (9). 

THE 'lOOL IS WITHDRAWN FroM THE IDRKPIECE READY FOR A 
TOOL CHANGE. 

STCPS THE SPINDIE. 

TOOL CHANGE FOSITION FOR SCRElCUTTI&;. 

-
SPINDIE STARr'S TO PI03RAMMED SPEED. 

OJ:ICE '!HE 'IOOL mANGE HAS BEEN MM)E RE-STARr' THE CYCLE 
AND THE 'lOOL K>VES IN READY FOR SCRE.W:UTTI&; AT A 
REDUCED SPINDIE SPEED. 

THE THREAD IS PR:>DUCED WITH A SERIES OF 0.004" curS. 

SCRE.W:UTTI&; 'IOOL MOVES NilAY FroM ltDRK. 

THE TOOL NCli RE'ItJ'mS TO THE PRJGRAM DATUM. 

THIS PAGE S'IOPS THE SPINDIE. 

THIS FUNCTION ENDS THE PI03RAM. 
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DRAWING No. TEST PIECE 3 

~ 
PROGRAMME DATUM oaLe DESCRIPTION 

CASSETTE 110 
TOOLING: 

I.AL 
. OJ No. 0 , TODL ~.f~ MATERIAL MIS .. ,.[\..n-.~'\I~ J.\AJ.L 

Z X .. 2::iCI(I!;W .N\.; 

PROG RAMME BY .. 3 AM[) 

INS/MM ~~ 
•• 4 

DATE ~X= .. l:I 
.. 6 

Z= INS/MM .. 7 
BELOW IS AN EXAMPLE OF .. 8 
A THREAD CUTTING PAGE .. 9 

PAGE THREAD DIA ROOTDIA GUT.INCR ••• X_ LENGTH.Z (INCR) PITCH_ 

.. STARTS TOOL No SPINDLE SPEED 

G & M ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 
PAGE RADIUS TOOL 

FUNCTION X Z X Z CW/CCW RATE SPEED 

01 G71 

02 G90 

03 G50 15 5 

04 M03 

05 GOO 12.5 0.5 1200 1 1200 

06 G73 7 

07 G91 
.08 . GOO -0.5 0 1200 

09 GOI 0 -35.5 80 . 

10 GOO 0 35.5 1200 

11 G06 . 
12 G90 

13 GOO 9.0 0.2 1200 

14 G91 -
15 G73 5 

16 GOO -0.5 0 1200 1300 

17 GOI 0 -15.2 80 

18 GOO 0 15.2 1200 

19 G06 

20 G90 

21 GOI 5.5 0 200 1400 

22 GOI 6.5 -3 50 

23 GOI 5.5 0 300 

24 GOl 4.5 0 

25 GOI 6.5 -3 50 

26 GOl 4.5 0 300 
27 GOI 3.5 0 -
28 GOl 6.5 -3 50 
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SHEET No ..... ~............ TEST PIECE 3 

I, 
ABSOLUTE INCREMENTAL SENSE FEED SPINDLE ¥i ,G & M iPAm. 

FUNCrrON 
RADIUS 

ON/CON RATE 
TOOL 

SPEED X Z X Z 

29 GOl 3.5 a 300 1 1400 

30 GOl 2.5 a 

.31 GOl 6.5 -3 SO 

32 GOl 2.5 a 300 

33 GOl 1.0 0 

34 G02 6.5 -6.0 6.0 CW 50 

35 GOl 6.5 -15 200 

36 GOl 8.0 -15 

37 GOl 9 0 -19 5n 

38 GOl 8 a -15 200 

39 GOl 7.0 -15 

..ML '\ GOl 9 0 -19 5n } 

41 GOl 7.0 -15 200 

42 GOl 6.5 -15 

43 GOl 8.5 -19 SO 
44 GOl 8.5 -26 

45 GOl 8.5 -19 200 

46 GOl 7.5 -26 . SO 
47 GOl 8.5 -19 200 
48 Gal 6.5 -26 50 

49 GOl 8.5 -19 200 

50 GOl 5.5 -26 SO 
51 Gal 7.5 -26 200 

52 GOl 8.5 -32 50 
53 '> GOl 7.5 -26 200 --
54 GOl 5.5 -26 
55 G02 8.0 -35 8.0 CW SO 
56 GOl 11.5 -35 200 
57 GOl 12.5 -39 50 
58 GOl 11.5 -35 200 1 1400 
59 GOl 10.5 -35 
60 GOl 12.5 -39 50 
61 GOl 10.5 -35 200 
62 GOl 9.5 -35 
63 GOI 12.5 -38 50 -

64 GOl 12.5 0 1000 
65 GOl a a 200 
66 

GOl 6.0 -6 6.0 cw 40 --
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SHEET No ..... .l........... TEST PIECE 3 

PAGE G« M 
ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 

RADIUS TOOL 
FUNcrION X Z X Z CW/CCW RATE SPEED 

67 C'~l 6.0 -15 

68 C':n1 8.0' -19 
69 C':m 5.0 -26 

70 G02 8.0 -35 8.0 CW 

71 G02 12.5 -40 7.0 CW 

72 GOO 15 5 1200 

73 Ma5 

72 GOO 14 2 1200 2 150 

73 M03 

74 GOO 6 2 1200 

75 G33 0/0=12 RD=9.85 Cl1T (INdb X=O.O~ LENG'l'f' 15 
~ 

PITCH=1 10 75 STARrS TOOL 2 SPINDLI SPEED= 50 

-76 GOO 14 2 1200 2 

77 GOO 15 5 0 

78 MaS 

79 M02 

. 

-

-
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DRAWING No. TEST PIECE 4 

~ 
PROGRAMME DATUM ORl.e DESCRIPTION 

CASSETTE 110 
TOOLING: 

JAr. 
. 

"J NO. O· OOL REF MATERIAL MIS .. , l'i.. n • Jl.N .. r-C; -J,\.AJ.L 

Z X .. 2 

PROG RAMME BY .. 3 
AMD 

INS/MM ~~, 
.. 4 

DATE SX= .. !j 

Z= 
.. 6 INS/MM .. 7 

BELOW IS AN EXAMPLE OF .. 8 
A THREAD CUTTING PAGE .. 9 

PAGE THREAD DIA ROOT DIA_ CUT. INCR ••• X_ LENGTH.Z (lNCR) PITCH_ 

.. STARTS TOOL No SPINDLE SPEED 

G & M ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 
PAGE 

FUNCl'ION 
RADIUS 

r:Ntcr:N RATE TOOL SPEED X Z X Z -

01 G71 

02 G90 

03 G50 15 5 

0.4 M03 
OS GOO 13 0.5 1200 1 SOO 

06 G73 3 

07 G91 

08 GOO -1.0 0 1200 
09 G01 0 -25.5 SO 

10 GOO 0 25.5 1200 

11 G06 

12 G73 2 

13 GOO -1 0 1200 1000 

14 G01 0 -23 100 -
15 GOO 0.5 0 1200 

16 GOO 0 23 

17 G06 

18 G90 

19 GOO 8.6 -22.4 1200 

20 G01 S.5 -22.5 100 

21 G02 10 -25 2.5 CCW 40 

22 G02 12.5 -27.5 2.5 CW 40 

23 GOO 15 0 1200 

24 GOO 15 5 0 

25 M05 

26 M02 

-
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DRAWING No. 1 h 
PROGRAMME DATUM ORLC DESCRIPTION QUEEN 

CASSETTE I/O 
TOOLING: . No. 0 • TOOL REF OJ MATERIAL .. 1 

Z X .. -Z 
PROGRAMME BY .. 3 Lr X= INS/MM ~~ 

.. 4 

DATE 
.. 5 

Z= 
.. 6 INS/MM .. 7 

BELOW IS AN EXAMPLE OF .. 8 
A THREAD CUTTING PAGE .. 9 

PAGE THREAD DIA ROOT DIA_ CUT.INCR ••• X_ LENGTH.Z (lNCR) P.ITCH_ 

.. STARTS TOOL No SPtNDLE SPEED 

G & M ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 
PAGE RADIUS TOOL 

FUNCI'ION X Z X Z CW/CCW RATE SPEED 

01 G71 -02 G91 

03 GSa 15 5 

04 M03 

as GOO -2 -4 1200 1 1000 

06 G73 4 

07 GOI a -0.5 1000 

08 GOI -13 a 80 

. 09 GOI 13 a 1000 

10 GOI 

11 GOI -0.4 0.2 1000 

12 G73 3 
13 GOl -0.9 1.2 1000 1200 

14 GOI a -54 80 --
IS GOI a 54 1000 

16 G06 

17 GOI -0.9 -3.6 1000 

18 GOI 0 -22 80 

19 GOl a 22 1000 

20 G73 9 

21 GOl -0.75 0.16 1000 

22 GOl 0 -5 80 

23 GOl a 5 1000 

24 G06 
25 G90 

26 GOI a -1 80 

27 G02 2 -3 2 cw 80 1200 -
28 GOI 1.5 -4.5 80 
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SHEET No ..... 2........... QUEEN 

-
G & M 

ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 
PAGE RADIUS TOOL 

FUNcrroo X Z X Z r::NICr::N RATE SPEED 

29 G02 3.5 -5.3 2 CW 80 1200 

30 G01 8.7 ~ 80 
31 G01 8.95 "':6.3 80 

32 G01 8.95 -8.1 80 

33 GOI 8 -??Q Rn 
34 GOI 9.1 -8.1 1000 

35 GOI 7 -22.9 80 

36 G01 9.1 8.1 1000 

37 G01 5.9 -20.9 80 

38 G01 9.1 -8.1 1000 

39 GOI 4.8 -19.5 60 -
4t, GOI 4.8 -21 80 

- 41 GOI 6 -21 100 

42 GOI 6 -22.9 80 

43 GOI 9 -23 80 

44 G02 9 -25.5 2 CW 80 1200 
45 GOI 8.2 -36 80 

46 GOI 8.2 -49 80 

47 GOI 9.2 -25.2 1000 

48 G01 7.2 -47 60 

49 _GO 1 9.2 -25.2 1000 

50 GOI 6 -45 60 

51 GOI 9.2 -25.2 1000 

52 G01 5.2 -42.2 60 

~ GOI 9.2 -25.2 1000 

54 GOl 4.5 -40 60 

55 GOl 9.2 -25.2 1000 
56 GOI 4.2 -37 60 

57 GOI 9.2 -25.2 1000 

58 GOI 4 -35 60 

59 G03 7 -47 21 CCW 80 1200 

60 G01 7.7 -47 80 

61 GOI 8 -47.3 100 1 1200 

62 GOI 8 -49 100 

63 GOI 12.5 -55 100 

64 GOI 12.5 -62 100 

65 GOO 15 5 1200 

6 M05 - --
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SHEET No .... .2............ QUEEN 

-
G & M ABSOLUTE INCREMENTAL SENSE FEED SPINDLE 

PAGE RADIUS TOOL 
FUNcrION X Z X Z CW/CCW RATE SPEED 

67 GOO 14 .2 1200 4 1200 

68 M03 

69 G91 

70 G73 5 

71 G01 -1.06 0 1000 

72 GOI 0 10 80 

73 GOI 0 -10 1000 

74 G06 

74 G90 

75 GOI 4 -35.2 100 

76 G01 4 -25 100 --
77 G01 13 -25 100 

78 GOO 15 5 1200 

79 MOS 

80 GOI 14 2 1200 2 1200 

81 M03 

82 Gal 10 -8 1000 
83 GOI 9.25 -8 80 
84 G03 5.1 -16 19 CCW 60 1200 

85 G02 9.25 -8 19 CW 60 1200 

86 G01 9 -8 60 

87 G03 4.9 -16 18 CCW 60 1200 

89 G01 5.2 -16 100 

90 G02 5 ,2 -18 ,1 2 CW 80 ' "'rul.-
91 GOI 13 -18 ,1 1000 2 .L100 
92 G01 13 -56 1000 
93 G01 11.3 -56 20 

94 GOI 13 -56 500 

95 GOO 15 5 1200 

96 M05 

97 GOO 14 2 1200 3 350 

98 M03 

99 GOO 14 -64 1200 

100 G01 -0.1 -64 10 

101 G01 14 -64 500 

102 GOO 14 2 1200 

103 M05 -104 GOO 15 5 1200 0 

105 M02 
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S~CN 32 

If it is required to load ORACS memory form sane external device, for example a 

computer or a paper tape reader unit, this can be done through the RS232C serial 

Data link located at the rear of the machine. Connection is made via a standard 25 

way 'D' type connector. (For connection and data format see RS232 Data Format, 

section 35 page 108.) 

Once ORAC, and for example a computer, are both connected, depress button 3 then E. 

Three separate Baud rates are now displayed 

1. 300 Baud. 

2. 1200 Baud. 

3. 2400 Baud. 

This is the rate at which ORAC will accept information, and it must be set at the 

same rate as the computer is transni tting. Make your selection by depressing the 

appropriate number and then E. 

The screen will now display "READY" below the Baud rates. 

Use the computer to transmit the information to ORAC. When all the information is 

in ORACS memory the screen will diplay "TRANSFER cx:MPLETE". 
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SEX:TIOO 33 

TO TRANSMIT TO A <D1PlJ'I'ER 

Once a prOCJram is in ORACS memory, it can be transmitted to external devices, 

through the RS232C serial Data link. These devices could be computers, printers, 

paper tape punch units etc. Make the connection with the device (as explained in 

section 34 page 107) and with the memory in ORAC loaded, depress 4 then E. The 

screen will now ask for a choice to be made between 

1. FILE FORMAT. 

2. PRINTER FORMAT. 

File format should be selected when connecting up to a computer, and printer format 

when connecting to a printer. The latter format provides a listing heading and 

separate pages with 4 line feed characters between the pages. 

File format should also be selected when using a paper type punch unit as a form of 

prOCJram storage. 

Make your selection by depressing 1 or 2 and then E. Three different Baud rates 

are now displayed on the screen 

1. 300 Baud. 

2. 1200 Baud. 

3. 2400 Baud. 

This is the rate at which ORAC transmits information, and it must be set at the 

same rate as the external device will accept. Make your selection and depress E. 

"OK?" will now be displayed on the screen. Set up the device to accept 

information, and when all is OK depress E. The prOCJram will now be transni tted at 

the set rate, and on completion "TRANSFER CCJo1PIEI'E" will be displayed on the screen 

for 2 seconds after which the main menu will return. 

NOTE: The nernory of ORAC is not cleared when a prOCJrarn has been transmitted. 

For further information on the external devices mentioned in section 32 and 33 

please contact us at our Brighouse Headquarters. 
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PROGRAM LISTING 

TITlE 
I.D. 

....................... . .......... . 

PAGE 01 INCH-UNITS •• G70 

PAGE 02 llOEMENTAL-FORMAT .G91 

PAGE 03 THREADlOO •• G33 
IN/OUT-SlDE.DIAM 2 
RX>T-DIAMI'ER 1.99 
CUT.(INCR) •• X 0.01 
LENGl'H •• Z -1 

PITCH 0.10 
STARl'S 1 
TOOL-NO 1 
SPINDLE-SPEED 100 

PAGE 04 IH:LL •• G04 

TIME. (SECS) 05 

PAGE 05 THRFADIN3 •• G33 
IN/OUT-SlDE.DIAM 2 
TOOT-DIAMETER 1.99 
cur. (INCR) •• X 0.01 
LENG'rH •• Z -1 

PITCli 0.04 
STARI'S 1 
'IDOL-NO 1 
SPINDLE-SPEED 100 

PAGE 06 I:MELL •• G04 

TIME. (SEX:S) 05 

PAGE 07 roINl'-TCrroINl'.GOO,G01 

X 0.562 
Z 0.562 

FEEDRATE 10 
TOOL-NO 1 

SPINDLE-SPEED 1000 

PAGE 08 CALL-SUBROUTINE 
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S~~34 

THE TERMINAL STRIP FOR THE AUXILLIARY INPUTS AND OUTPUTS IS SITUATED INSIDE AT THE 

REAR OF '!HE MACHINE. 

AUXILLIARIES : 

OU'IPUTS; 

INPUTS; 

r , ~. 
Til I 2 3 4 5 6 7 8 9 I 10 I 11 12 13 14 15 16 17 18 19 

~ I CX>M ABC D 24V E F G H 

MN.~= D'~J': 

00 THE TERMINAL STRIP REIAY 'A' CCNI'ACI'S ARE OONNECTED ACROSS 

TERMINALS '2' AND '3'. THEY ARE NORMALLY OPEN OONTACl'S RATED AT 3A 

RESISTIVE, 240V AC MAX. SIMIlAR OONTACI'S FOR REIAYS B, C AND D, ARE 

CONNEcrED AS SH~. 

THE INPur SIGNALS CAN OOME FI01 SWITCHES OONNEcrED AS SHCH'J, USING 

THE INTERNAL 24V OC SUPPLY FI01 TERMINALS 10. 

T. V. SOCKET; A SOCKET IS PROJIDED 00 '!HE REAR PANEL FOR '!HE OONNEcrIOO OF A 

UHF 625 LINE STANIllUID U.K. T.V. SET VIA AN INTERNAL MJOOIA'IDR IN 

* ORAC *. SIMPLY OONNECT THE SOCKET 'ID THE AERIAL INPUT ON THE T. V • , 

TUNE T.V. UNTIL PICTURE IS OBTAINED (APPROX. CH. 36). 
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SF.X:rICN 35 

RS232 I:m'A FORMAT 

ORAC Jl.I\TA FORMAT 

For maximum canpatibility with all canputer types ORAC works exclusively with· 

standard ASCll text. This format is used for internal editing and external (via 

RS232 link) camnunication. 

ORAC works with a file made up of text pages. Each page represents a single 

machining function and contains all parameters associated with it. 

Each page is preceeded by the ascii START-oF-TEXT character (hexadecimal 02), and 

is terminated by a record-separator character (hexadecimal IE). 

The whole file starts with an ascii START-oF-HEADER character (hexadecimal 01) and 

is terminated by an ascii END-OF-TRANSMISSION character (hexadecimal 04). 

PAGES 

Each page must have the 'r.Ord "PAGE" as the first work on the first line. All words 

and numbers on the same line must be separated by one (or rrore) ascii space 

characters (hexadecimal 20). All lines must be separated by the ascii 

carriage-return and line-feed characters (hexadecimal OO,OA). 

Following the word "PAGE" on the top line (and separated by a space) must be the 

page number (01 to 99). Pages must follow in numerical order. 

Lastly on the top line must be the page heading (e.g. AUX-INPUTS, START-[X)-I..CXjP 

etc.). These headings must be written exactly as in ORAC and contain no spaces. 

For example, "POINT-TO-POINT. GOO ,GOl" • Note that the number 0 and the 0 are not 

interchangeable. 

The rest of each page is made up of "key-words", for example, X,Z, FEEDRATE, 

TOOL-NO, SPINDLE-SPEED. 

Keyv.ords must also be written exactly as on the ORAC display and contain no 

embedded spaces. 

The order in which the keywords appear on a page is not critical. However, all 

relevant keywords must be present and must be the first word of any line. 
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en the same line as each keyword IlUlSt re the associated numerical value. 'nle 

numberical value rrust re separated fran the keyword by at least one spice. 

All numerical values are ascii characters (e.g. 1 is hexadecimal 31). 

RS232 CCHtruNICATICN 

ORAC allows selection of 300, 1200 and 2400 BAUD rates (bits per second). 

ORAC allows transmission of the standard file format (previously described) or 

printer-format. 'nle printer format suppresses the transmission of SOH, STX, RS, 

and EOI' control characters. It also provides a listing heading and separates FEiges 

with 4 LINE-FEED characters. 

ORAC senses the RS232 IJl'R line (pin 20) refore transmitting each character Le. 

this line represents a busy-line. If the external canputer or printer is not ready 

to accept data it sets Dl'R to -12V. 

In the reverse direction ORAC will set DSR (pin 6) line to +12V when ready to input 

data. 

Each \\Ord transmitted consists of:-

8 Data bits, 

1 Stop bit, 

No Pari ty bits. 
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ORAC RS232 mTERFACE 

ORAC is connected in the I MODEr-t' configuration - pin· numbers refer to the starrlaro 

25 way D-type connector. Q'lly six pins on the connector are used. 

PIN NO. DESIGNATIOO 

1 rnD 

2 TXD 

3 rom 

6 CSR 

7 G10 

20 Dl'R 

DESCRIPl'IOO 

Protective Ground. 

rata is transmitted on this line fran an external 
device to ORAC. 

rata is transmitted on this line fran ORAC to an 
external device. 

'This line is used by ORAC to irrlicate to an external 
device that it is ready to receive data. 

Signal Grourrl. 

'This line is llDnitored by ORAC when transmitting data. 
ORAC checks this line is high (+12V) l:efore serrling 
each character. 
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This section has been prepared with the intention of 

providing assistance to persons in an organisation 

where there is a Denford ORAC CNC training lathe 

available as a principal aid in the teaching of NC 

techniques. 

Syllabuses, course content, student level and time 

available for numerical control teaching, instruction 

or practice vary widely and in consequence the material 

which has been set out in this rook is based on the 

assumption that there will be a minimum. of 20 hours 

classwork to supplement practical or laboratory work 

with ORAC and the orac Manual. 

Due to the large extent that the overall teaching 

program can or should be taught directly with ORAC and 

its aids, including the Manual, the classroan topics 

can be expanded or reduced with the ini tiati veof the 

course supervisors and in accordance with the relevant 

course contents and objectives. 

The whole area of numerical control is the subj ect of 

vigorous change and development. For that reason alone 

it is advisable to seek for further source material 

from the technical literature of manufacturers of 

control systems and machine tools and, of course, 

maintain contact with Denford Machine Tools where the 

policy is constant devel0tlllent and service to Further 

Education, Higher Education and Industry. 
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P.ARr 1 

STUDENT READINESS 

- Ensure that stldents have hcd opportunity to acquaint thansel ves wi th a 

digital rea:iout unit, autanatic lathe or 5()!'00 other machine or equipnent 

using the open loop control principle. 

Similarly ensure that stldents have stldia:1 a hydraulic copying unit in 

theory and practice or same other servo-control unit. 

- Ensure, preferably as a result of workshop practice or laboratory work, that 

stldents understand the bnportance of well-planned and calculated ~anning in 

the machining of parts on lathe or rrdlling machines. 

CBJEcrIVES 

During the teaching of Part 1 the principles of open and closed loop systans 

are taught, where they are usOO and why. 

The second objective of this Part is to teach the concept of the numerical 

control system and to describe the role of the machinist in the workshop 

yesterday and today if not tomorrow, in the workshop where numerical control is 

in use. 

(There is gcxxi material here for those courses in which there are General 

Stld ies pericx:1s.) The aim is, however, rroti vat ion to stldy NC technology. 
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PART 1 

Fran the earliest times of using machine tools for specified proouction 

tasks in the rretal imustry, the trem has been to make machines nnre am 

more autcmatic. '!he trems began to be noticed in certain imustries, for 

example Eli VIlitney's YK>rk in the spinning imustries am Samuel Cold of 

Wild ~st fame, even though their YK>rk was mainly in the jig am f:ixture 

fields. One objective has always been the reduction of labour costs, but 

nOtladays there are many other equally important reasons for au tana t ion , 

some of which will be rrentioned later. 

Autcmation techniques have been adapted to machine control in many ways. 

Already in the 19th century the capstan lathe, am the autanatic lathes of 

Swiss or turret type having a mechanical control enabling the operator to 

perfonn other tasks while the machine was going through its cycle, were 

well-developed. Imeed the autanatic lathe hcrl not changed its basic 

design until the advent of ONC applications in just the last few years. 

Copying devices, copying lathes am milling machines am tracing machines 

have been developed using various controls, based on rrechanical, 

electrical or hydraulic principles, thus creating a measure of autcmated 

operation. Really canplicated transfer lines am proouction lines linking 

a number of conventional am special machine tools have been in operation, 

am under developnent for many decades, providing autcmation in mass 

prcx:1uction of parts, repeated accuracy am interchangeability of parts, 

higher overall manufacturing rates, reduced labour etc., etc., - am 

sometimes a reduction in the quality of the final proouct, resulting in a 

shortened YK>rking life for the proouct am the dawn of the throw-away, 

rather than renovate or repair philosophy. 

Such prcx:iuction lines are very costly am are not suitable for any prcduct 

to be prcx:1uced in quantities less that tens or humreds of thousams. 

Machine tools of this category, either in single units or as part of a 

line, are KnOtln as dedicated machine tools. 

Every machine tool control system, whether it be large or small machine, 

is either an open-loop system or a closa:i-loop system. A variation of the 

latter is the partially closed loop system. 
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An input signal, a camnam, is given to the machine tool, in order that is 

shall perform a certain operation. A cutting tool may move to a positon 

which has been defined, am stop there. If the loop is open there is no 

return of info:rmation concerning the actual position of the tool, the 

system does not provide a feedback signal to verify that the tool has 

in::ieed moved to te specified position. The control loop is not closed. 

It is not knONn whether the result correspoms to the camnam, It is not 

knONn whether an error has been created. 

An open-loop system is satisfactory in those appl ications in which very 

tight tolerances are not applied am reliance is placed upon the accuracy 

of the machine am its construction. It may well be that the actra 

expense of a closed-loop systan cannot be generally justified by the 

stamard of work. 

An open-loop systern is used in ORAC, in which the stepping motors which 

drive the x-axis am z-axis leadscrews, give 200 signal pulses per motor 

revolution an::i the transmission between motor am screws is reduced by 2.5 

to 1 to the screws which are of 5 rom pitch, am use ball nuts set with 

·zero backlash. 

1.2 amFD-UXJP SYS'l'BM 

In a closed-loop systern there is a feedback signal. When a cutting tool 

is moved to a new position, in accordance with the received cammam, its 

positon is continuously monitored, as a signal which imicates that the 

tool has either reached its new position or not. If it has not, then its 

position is autanatically corrected until the correct specified position 

has been reached. 

It can be readily understood that machine tool construction elanents, such 

as carriages, tables, tool slides, turret heads am spimle housings may 

often weigh hun::ireds of kilograrmnes. In the numerically controlled 

prcduction machine tools of tcxiay sane of these elernents are required to 

move at speeds in access of 10 rn/min (17 cm/sec). The adoption of a 

closed-loop systern of control is unavoidable to ensure that the 

numerically controlled machine elements reach, am repeatedly reach, their 

specified positions. 
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It is camonly required in an NC machine tool that with an accuracy of 

± 12 IJlll over a distance of 300 m, that machine element rrovements, 

for example, tool slides, are repeated to an accuracy of ± 3 fJIfl. 

The accuracy of a modern numerical control system, the resolution, is of 

the order of ± 1 pm am thus rruch greater than that which the 

machine tool itself can attain. 

The autanatic lathe, in which tools am tool slides are rroved to the 

required positon by the fixed rise of a cam profile, is an example of an 

open-loop machine tool control system. There is no feedback to imicate 

that the tool has arrived at the desired position. The machine setter 

performs this function by maasuring the workpiece arrl then crljusting the 

tool position to obtain the machined dimension required. 

The h~raulic copying unit, which is a servo-mechanism, is an example of a 

closed-loop system. The tool position is continually under the influence 

of the hydraulic balance between its own position and that of the stylus 

sensor which is following the master profile. The tool is, because of 

this balance, self-adjusting arrl does not need operator intervention to 

monitor or maasure the tool position, once it has been correctly set. 

1.3 NlItERICAL <nl.lK)L SYS'lBt 

A numerical control system is one in which there is a programme, the 

camnarrl signals of which are successive am which is held in a nanory as 

numbers, hence the name numerical control. 

Before discussing the numerical control system further, let us look a 

little at the function of the machinist using a manu911y controlled lathe 

or milling machine. 

The machinist has cane to use the machine tool in question for several 

years. KnCJNledge has been gained about cutting speeds arrl feeds for 

various matals on this am other types of machine tool. The machinist 

knows how to read the drawings that have cane fran the design office 

providing geanetric information about the canponent to be machined am 
also to use the drawing arrl perhaps other ~anning information that we may 

call technical information, that is the appropriate cutting speeds, depths 

of cut, tools to be used am so on. There has been a preliminary 

programme or programmes made before the drawings arrl material canes to the 

machinist. 
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OUr machinist is a skilled and experienced person who knows that there is 

great value in an ordered and well-though out sequence of machining 

operations, with efficient speeds and feeds and roughing and finishing 

cuts, appropriate to the tools being used and the material being cut. 

The machinist begins to feed the geometric and technical information to 

the machine tool, using the machine graduated hand wheels, switches and 

levers, etc. '!here may be digital readouts to assist in this input of 

information while the machine is being set up to produce the finished 

workpiece. 

The machinist then translates the component drawings and planning sheets 

into such linear and angular dimensions that are acceptable to both the 

machine tool and to the machinist. The machinist monitors the position of 

the cutting tool during the machining stages and makes the corrections· 

necessary to correspond to the requirements of the component drawing. 

This familiar situation is an example of a closed-loop system. '!he 

machinist translates the data, inputting positional commands, acting upon 

feedback signals and executing necessary oampensations. 

In .a nunerical control prograrrrne sane of our machinist functions are 

carried out by other· neans. 

The machine tool is equipped with a control unit, which inputs the 

positional command data to a slide control unit and compares that 

positional cammand automatically with the position of the monitored slide. 

The component drawing must be translated into a form that the control unit 

can accept and act upon. '!his is carried out in the translator part of 

the oamputer, in which oo-ordinate information is recorded with the aid of 

a teleprinter type unit onto recording tape or preserved in the computer 

memory. '!he systems are closed-loop systems when there are data feedback 

links which provide to the control system information concerning the 

current position of tool or slide until the required positions have been 

reached. 

When our machinist used a manual machine there is the possibility of 

making conclusions relating to the behaviour of the machine and act 

accordingly. Based on personal experience of the machine tool, 

ccmpensation for leadscrew backlash, slideway friction, slide stiffness 

and so on can be made. The approach to the final precise cut can be made 

in stages. 
6 



-.J 

F I SIP IV 
7 8 9 t ++ 
456 .. -... 
1 2 3 + •• 
• 0 - E 0 

"p I C,QC.j-n.'lD 

,PI.I&L.I A"'" I~ 

END 
eA.L 15u& I flue> 

INS DO Eo.ID 
NtM I?O 

'NC ,~ 
...e6 MI"" ...... D 

Data input keyed in to ORAC memory 

(Manual Data Input = MOl) 

Programme stored on magnetic ta~ 
later for further use and/or edlting 

Geanetric info. 

Component drawlng • 

t~ 

Technological info. 

Job instructions, tool lists etc • 

~ b 
\ /: 

--- Progranme sheet 

r~I~I~T~d 
A 

NIXIZ ISIM 

r----nn

-] 

,III , I 
~.~ .. -. . '" .. . ..... . ,. . . . 

l'<ll~ I~ I 
'7 

.'" ~ ". . GJ--- -" 
EJ:;:L£J -NC 

p.-, 
Lathe 

-

Paper tape punch 

Paper tape of 
NC programme 



A numerical control system does not, however, recognise such 

characteristics but can only accept the ideal concept. The retrofitting 

of a mnnerical control system to a manual machine might result in a 

reduction in the accuracy of work prcduced by 0.02 to 0.08 nun as canpared 

with the work of our skilled and careful machinist. 

In an open-loop system such as is employed in ORAC the best accuracies are 

to be obtained by care in progranuning, with a finishing cut, chip 

thicknesses and approach speeds to finishing surfaces. 

1.4 AD\TAN'l'AGES OF NlMERICAL canroL (NC) 

1. Shorter floor to floor times. 

2. Less scrap, similar quality level, less quality control required. 

3. Machinist or operator work is less physically tiring than when 

conventional machine (also suitable for fernele workers). 

4. Labour costs saved per piece part: 

a) machining times are shorter, 

b) set-up times are reduced and are shorter for repeat batches. 

5. Batches can be smaller in number, less downtime. Less stock in 

stores. 

6. Savings in tool costs, longer tool life with planned cutting values, 

more efficient and consistent material use. 

7. Construction arrl design rrodifications can be carried out more 

flexibly. 

8. Simple to duplicate the canponent at a later date - rescheduling 

exactly the sarre as the first production run. 

1.5 DlSAINANT.AGES OF NC 

1. EXpense of original machine tool is high. 

2. Either NC operators must be trained, (and encouraged to stay in 

employ) given higher wages to enter service fram outside or computer 

progranuning must be used (nore expense for equiptEnt am software). 

3. Employees may be difficult to obtain with suitable skill or 

experience. 

4. NC is not suited to all kinds of work and is not really suitable for 

batches of less than five unless very complex work is involved. 

Automatic lathes may still be better machine choice than NC for same 

classes of work. 
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From the above it can be seen that: 

a) a very careful study must be made of own operations and future 

prospects before the decision to enter into NC, 

b) machinists are a very important factor in the above oonsideration and 

with the development of CNC and use of graphics on the shopfloor, the 

machinist is regaining more and more responsibility for oontrol of the 

NC machine in planning and programming on the shopfloor. 
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PARI' 2 

STUDENT READINESS 

- Ensure that students are already familiar with the principle component parts 

of a machine tool, e.g. bed or column, headstock or spindle head, leadscrews, 

etc. and also their ~rtance, both in the essential metal-removing function 

and also in the geometry which creates the accuracy to which the machine can 

perform. 

- Best endeavours should be made to ensure that all students have seen an NC or 

CNC production machine in operation, even though it will not be necessary at 

this stage to cover rrore than a familiarisation with its major differences 

from a manual production or training lathe. E.G. leadscrew drives, 

prograrcmable speeds, feeds, rapid traverse, vru assistance etc. Students can 

be reminded of this visit in demonstrating ORAC. 

OBJEcrIVES 

- Teaching and view of m.unerical control system functions, machine functions, 

speeds and feeds. If time and teaching syllabus permits, time can be well 

spent an same of the rrore ~rtant constructional features of an NC machine 

tool, e.g. the control system itself, drives to headstock or spindle (AC and 

DC), ballscrews, slides and slideways, hydrostatics etc. 

- Special attention should be paid to safety measures and equir;ment, first 

emphasis having been paid to those features an ORAC. 

- Point to point, paraxial (now largely obsolete) and continuous path control 

defined and revised, related to practical work with ORAC in lab. or workshop. 

NOl'E: W1erever possible it is intended here that classroom studies should be 

related as closely as possible with practical demonstration or use and 

with use of the ORAC Programning Manual video film and use of audio 

teaching tapes. 
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2.1 FUNCTIWS OF A NUMERICAL <XNlK)L SYSTEH FOR lATHE OR MILLIY; MACHINE 

a) One or more machine axes slide movements controlled, either singly or 

simultaneoosly. 

b) Control of feed rate along slideways and its direction. 

c) Control of spindle rotational speeds (stepless, constant surface 

speed) • 

d) Start/stop of main spindle rotation, direction of rotation. 

e) Control of coolant, on/off, flood/mist. 

f) Control of tool change, turret head indexing, block tool selection, 

selected tool fran autorratic tool changer, etc. 

g) Control of numerous other functions e.g. tool wear/breakage monitoring 

functions, pallet-changing, robot loading functions. Also other 

functions related to operator and/or machine safety e.g. system 

software am limit switch boundaries, chuck guard locks, overload 

rnoni toring. 

2.2 NC MACHINE MAIN COOSTRUCTICI'IAL ~ 

SLIDES AND SLID~~AYS 

Lathes are more ccxnrronly provided with two axes of numerical control to 

the slideways, linked to the spindle rotation functions. Lathes are also 

obtainable for high-production v.Drk with three or four axes of control, 

primarily for turning shafts with two opposing tools at one time or for 

work where other than turning functions, e.g. cross-drilling or milling 

will be reJular features of v.Drk on the machine. 

Milling machines am machining centres based on milling machine designs 

commonly have two axes of numerical control for table slide movements, the 

knee-type machines rnore rarely having nc to the vertical rnovement because 

of the mass of the knee casting unit which must be free to move if under 

nco The vertical axis of rrovement in a milling machine is usually 

arranged by controlled rrovement of the spindle quill or by rrovement of the 

main spindle unit, which being in the downward cutting direction is not 

subject to as much resistance to rrovement as the knee unit. 

Milling machines may have an additional two axes of rrovement applied to a 

rotatory table or CNC dividing head. It is rather unccxnrron for rrore than 

three axes of simultaneous rrovement to be used in cutting on a milling 

machine, but one application in which five axes of rrovement are used in a 
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complete programme is the milling of a tapered helical form on a vertical 

mill equipped with a CNC dividing head with tilting facility. In certain 

CNC machines rapid traverse slide IIDvements as high as 45 rn/min (laser 

cutting) are in use, but quite commonly 10-12 m/min. 

These high rapid traverse rates in a CNC machine are slowed down in 

approaching an area to be machined and to achieve sufficient accuracy at 

this stage and to avoid unnecessary wear at sliding surfaces the machine 

tool has to be carefully designed and attention paid in particular to the 

effects of the accelerating and decelerating machine elements on accuracy 

and to :rreans of reducing friction between surfaces. In the latter, two 

comnon approaches are the use of plastic coated surfaces (e.g. 'I\lrcite) 

and a IIDre costly but very satisfactory solution, use of hydrostatic 

techniques to prevent :rretal to :rretal contact at the slide. 

MAIN SPINDLE AND HEADSTOCK 

The main spindle, its bearing design and that of the headstock, and 

similarly the spindle and spindle housing of the vertical milling machine 

are critically important components in a machine tool, giving supoort in 

cuts for roughing out :rretal and aiding accurate finishitlg cuts in close 

tolerance machining. Principle features of the main spindle and its drive 

in numerical control machines include a wide range of steplessly variable 

speeds to cater for different cutting materials and materials to be cut, 

rapid starting and braking, revolution in either direction, speed ranges 

to provide high torque at upper and lower speeds for roughing out 

operations and tough materials etc. 

A control feature of production CNC lathes is the provision of constant 

surface cutting speed so that if a material to be machined has 

characteristics such that its recoomended machining speed is 160 m/min, 

the spindle speed in a facing operation is automatically increased as the 

diameter at the tool point decreases, to maintain the cutting speed at the 

tool at 160 m/min. This is also controlled for reducing shaft diameters 

during a programme. 

BAIl-SCREWS AND RECIRCULATING NUTS 

TO reduce the friction in leadscrews and to maintain very accurate pitch 

movements of lathe carriage and tool slide or milling machine table, the 

recirculating ball nut and screw is almost universally used in NC machine 
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design. The nuts are usually of double type and/or pre loaded and may be 

adjusted to maintain the pitch accuracy to the required level. There is 

also provision in certain control systems for calibration of leadscrew 

pitch error and its oampensation. 

AUXILIARY MACHINE FUNCTIONS 

Naturally there are many lIDre features of the NC machine tool ~rthy of 

study which rust remain outside the scope of these teaching notes. It is 

reconmended that if needed in the teaching syllabus a special study be 

made of some CNC machine in your own place of employment or nearby, to the 

extent required. Most machine tool manufacturers have available helpful 

literature and drawings which can be used to bring out salient design 

features in the course of your teaching. In any case, such a study will 

be of assistance in appreciating the features of ORAC and other machines 

in the Denford Machine Tools stable. 

various functions which are brought into operation by the NC systems are 

available today in addition to the lIDre normal functions such as tool 

indexing, coolant control, opening and closing of guards etc. Many of 

these additional functions are used in high-production and unmanned 

working, and include tool wear and breakage lIDnitoring, automatic 

workpiece loading, in-process measurement and tool compensation, pallet 

loading and so on. 

SAFETY FEATURES 

As in all automatic and semi-automatic machinery and processes, industrial 

safety features are of great significance and these are built into the NC 

machine tool and its control. 

Of these the first to be mentioned is the EMERGENCY SIDP button which in 

accordance with international standards should be red in colour and rust 

cut out all machine functions lirnnediately on depression, power only being 

restored by switching on again in a prescribed manner. SIDP and START 

buttons and other operating switches, levers, pedals etc. rust be 

ergonomically positioned. The operator must be protected fran flying 

chips and swarf and there must be prevention fran physical contract with 

cutting tools whilst they are cutting (chuck or milling machine guards). 

Limit switches rust be provided to prevent accident to operator or machine 

if tool or slide travel into danger areas. 
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ORAC IS PROTECTED BY LIMIT SWITCHES 'ID X AXIS AND Z AXIS (adjustable). 

These cut out slide travel and spindle rotation when contacted. '!he 

spindle and drives are protected by an overload device on capacitor 

discharge and spindle and feeds became inoperative if overloaded. 
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2.3 POINT '10 POINT 

GOO POINT 10 POINT OONTROL 

Controlled movement occurs in the 

direction of the axes or at any angle. 

(Sinulltaneous travel in two axes.) '!he 

travel is linear and at a fast traverse 

rate. THERE IS NO CUTrIN; OONE OORING 

THE M::>VEMENT. 

GOI PARAXIAL (LINEAR PATH) CONTROL 

Controlled movement occurs linearly in 

the axial directions or at any angle 

provided by the suitably programmed 

feed rates of two axes (linear inter­

polation) • CUtting can be performed. 

CONTINUOUS PAm CONTROL 

The cutting path is stmulataneously 

generated fran movement in two axes at 

rates suitable to produce the required 

workpiece oontour. The path may be 

linear at a desired angle or circular. 

For this reason the oontrol unit has 

linear and circular interpolators which 

automatically calculate the combined 

axial movements which will produce the 

desired profile. 
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A. Point to point (Positional) 

control. TYPical example, NC 

drilling machine, spot welding. 

B. Paraxial control. TYPical 

example, simple rectangular 

milliDJ work. '!his type of 

control is less cammon, the 

features beiDJ available in 

controls with both linear and 

circular interpolation. 

C. Continuous path control. 

Profiles produced on lathe or 

milliDJ machine by blending 

linear and circular inter- . 

polation movements. Accuracy 

of fonn is only limited by 

machine tool design features and 

response of mechanical machine 

elements to the electronic 

control signals which input 

profile data into the control 

unit and correct tool position 

through the feedback loop. 
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PARI' 3 

'l1IE <X>-ORDINATE SYSTEM OF AN NC MA<lIINE 'IOOL 

S'IUDENT READINESS 

- Ensure that students understand the Cartesian rectilinear co-ordinate system 

(an extension of the familiar X-Y graph into the third dimension) and the 

importance of squareness, straightness and flatness in machine elements in 

terms of workpiece geometry. 

- Revision of rectangular, cylindrical and conical forms as component features 

i.e. surfaces generated by the machine tool. 

OBJECTIVES 

- The conventional relationship of the X, Y, Z axes to lathe am milling 

machine numerical control, taught or revised. 

The conventional relationship of the Z axis to the machine tool main spindle 

of rotation to be taguht. 

If time and syllabus pennit Right Ham Rule am ± axial directions 

taught here. Reference to British Standard, ISO etc. advisable. 

- Machine/canponent zero point,. programme start point am mention of machine 

reference (Home) points made. Depending on type of course am aims, this 

area can be taught to more depth, but for machinists further treatment than 

above may not be justif ied • 

Teaching of absolute and incremental mode progr~runing. 

practicable in proyr~ing ORAC and using the Manual. 

Mention made of diameter and radius programming. 
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In a numerical control system the tool path (or the workpiece movements, 

are described with the aid of a rectilinear co-ordinate system, the 

Cartesian system first put forward by the French mathematician and 

philosopher Rene Descartes. using two or three axis rectangular 

co-ordinates, it is possible to unambiguously define in mathematical form 

any point on a plane or in space relative 

to the origin or zero point. '!his 

system, which is Oller 300 years old, is 

now standardised by ISO for use in NC 

definitions. 

In a lathe the tool is cxmnonly 

controlled in two axes, in which the 

slideway movement parallel to the centre 

of revolution of the muck is the Z axis 

and the cross-slide travels in the X axis 

direction. X axis may be horizontal (as 

in ORAC) or slanted at e.g. 40 0 in 

accordance with the bed design. 

By convention the centre -line of 

revolution of the machine tool main 

spindle is the Z co-ordinate axis. 

In the milling machine above, the Z axis is therefore the vertical cutte~ 

spindle axis, in the boring machine below, in which the cutting spindle is 

not in a fixing position, it is the slideway axis parallel to the spindle 

which is the Z axis movement path. 

To define the X, Y, Z basic co-ordinate 

system ISO 841 used the right hand rule, 

thumb, first and second fingers, thumb is 

X, first finger pointing vertically 

upwards is Y and second finger, 

horizontal, is z. 'lhese are all positive 

directions. Students may learn this 

right hand rule more thoroughly at a 

later date; it is sufficient at this stage to know the ORAC oo-ordiantes 
well. 
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3.1 'mE CD-ORDINATE POINl'S OF AN NC MAOUNE 'lOOL 
Machine ref. point 

~ 

Z-axis 

OKUMA, 8MT 

Programme zero J,X)int 

W::>rkpiece/ 

progrcmne 

zero point 

ORAC 

Many NC machines have a fixed reference J,X)int within the rectangular 

co-ordinate system of the ~chine axes. This fixed point is recognised by 

the control system as a "HeME" J,X)sition and for example, on start up in 

the norning, all machine elements drive to the hare position While a 

diagnostic check is run on the machine functions. This reference point 

automatically relates the NC programme to the machines own co-ordinates. 

In ORAC there is no such fixed J,X)int in the area of machine ItOvements the 

position of which is known. The reference J,X)int is a FLOAXING ~TUM which 

can be set as desired and· is related to the axis of revolution of the 

workpiece (Z = 0) and the outer face of the v.orkpiece. This is shown in 

the sketch above, together with the programme zero J,X)ints adopted in two 

IDakes of production machine in which the floating datum is related to the 

fixed J,X)int made up by axis of revolution and the plane of the chuck jaw 

back faces. 

Programme start point 

Programme datum XO, ZO (This can be floated in ORAC) 

/

programme datum/start J,X)int (e.g. in ORAC use may be XIS, 
AS PRCG OAT) . 

In a production lathe with HOME reference point, after 
start up and HOME POSITION routine, tool will be run to 

~ the proyramme start J,X)int, fram which the programme cycle 
" will be executed as many times as desired. 
" " '+ 19 



3.2 ABSOU1l'E AND INCREMDm\L ~ lQ)E 

The novement of a lathe cutting tool in X or Z axis directions or the 

table movements X and Y of a milling machine and its quill movements Z can 

be described and prQ(Jranmed as: 

- absolute noves, or 

- incremental noves. 

In ONe systems either of these modes of novement can be freely selected 

and interchanged within the construction of a single prQ(Jrarme. 

ABSOLUTE ~D£. M:>vement is proyrarmed as the canplete distance fran a 

specified point, say the start point or the zero point of a prograrme. 

INCREMENTAL ~DE. In this IIDde the novement of tool, slide or table is 

described or proyrammed as the distance fram the end point of the previous 

move· and must be given the appropriate negative or positive sign. 

. --

Inc. .1nc. Inc • 

3.3 DIAME'l'ER.AND RADIUS ~ Incremental 

Diameter proyramming is sanetimes used in NC turning· as the necessary 

dimension is obtained directly fram the drawing. Radius proyramming is 

also used as in the ORAC control for all traverses in the X axis 

direction. 
X axis 

B 

-

~ ________ ~_z axis 

........... 

........... 
Diameter progranming 

Radius progranming 
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PARI' 4 

P~ PRINCIPLES IN mAC FORMAT 

STUDENT READINESS 

- Ensure that the student understands principles of setting workpieces in chuck 

or between centres. (This is more to ensure that work is properly supported 

- does not extend excessively fram chuck without support etc.) 

Use of a simple setting gauge for repetition of chuck work can also be 

demonstrated/explained. (Control of Z axis extensiion.) 

- Ensure students understand the use of the Multifix toolholder and setting of 

the main body and various tools. 

- Ensure that students understam importance of job plan. 

- Students have seen or have themselves programmed the Test Piece revised. 

OBJECTIVES 

- In a:idition to knowing the conventional machining functions, student can 

interpret am apply to the programme keys of the ORAC function panel, e.g. 

PTP, CIRC, THRD. (Note: Check that INS and INC and END and END SUB are not 

confused. ) 

- Student is able to construct a main programme, either set or of own 

devising. 

- Etliting is taught or revised, depending on circumstance of stLdent use of 

ORAC am Manual and the use of the cursor. 
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The main emphasis in this part is on use of ORAC and the Manual to create 

progranmes in ORAC format and for the student to follow through and 

understand the construction of those programnes. 

The first exercises in the manual being concerned with the structure of 

the MAIN PROGRAMME it is not necessary to becane involved in the 

construction of subprogramnes, but it should be made plain that the 

threading page is different fran the others and is a CANNED CYCLE. we 
have chosen to discuss the formation of subprogramnes and canned cycles in 

Part 5 of this book, in which the relation of the ORAC format to the ISO 

646 format used in European industry is introduced. 

In the constructoion of a programne in ORAC format we begin, as is normal, 

with the parts of the main progranme, and discuss how the MDI ccmnands SUB 

and END SUB by means of which the main programne can be interrupted to 

introduce a subprogramne at a desired stage. 

-f" 

In(ormal:"n I Inform~hon 1 

Information 2 In(ormalion :2 
I I 
I I I 

I 
I 

"lJbC/: _1~C ,n.o"n'"on 
In I ... 1>2'0111"'"" 

Info/mllion n 

Informal ion n + I 

I 
I 

RClurn 10 main prosram 

22 



In production CNC machines, the memory capacity is such that a number of 

main programmes and subprogrammes can be entered into memory, by MDI or 

more corrmonly, when a repeated batch of components is in question, from 

magnetic or punched paper tape. 'Ibis method is also comnonly used when 

the programme in question is long and complex, since the entry time to 

memory is a great deal faster in that manner than by manual data input, 

when the programme is keyed in block by block. 

ORAC is intended for teaching purposes. Only the main programme, maximum 

lenth 160 blocks, and its subprogrammes, also maximum length 160 blocks, 

necessary to produce one ~rkpiece, are stored in rremory at one time. 

These can, of course, be repeated without limit as batches if so desired. 

4.2 MAIN PKGWI4E ~ 

The main programme is oomposed of a number of aommands. 

One coornand is known as a block of data. Each block is separated from the 

next block (keying in of the double downward-pointing arrows). Each ORAC 

page is then a block. Each programme is given an identification number; 

in the ORAC FORMAT THIS IS OONE IN STORING THE PROGRAMME CNIO MAGNETIC 

TAPE. 'Ibe end of the main programme 'is signified and recorded in rremory 

with the END key. 

4.3 SUB~ 

The subprogramme is built up in exactly the same way as the main programme 

but terminates with the aommand END SUB, to indicate resumption of the 

main programme, and introduced with the CALL key. Remember to emphasise 

to students that these subprogrammes are constructed after completion of 

the main programmes (see diagram). 

4.4 REVISIOO OF TEST PI8:E 2 

It is suggested that it is appropriate at some stage in this Part to 

revise one of the programmes in the ORAC Manual, step by step to ensure 

that all is understood. 

Whether this revision is carried out as a classroom exercise or in 

practical activity in front of ORAC is at the discretion of the teacher 

and may to some extent depend on size of the student group, their grasp of 
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the principles in question and, of oourse, the time available. 

4.5 EDITIr«; 

By now students will have becane familiar, to some extent, with editing 

procedures. Revision of the use of the cursor and keys S, D, P, "1 is 

best performed in front of ORAC and as an exercise that each student 

performs personally. 

It should be pointed out that editing is not only a means of oorrecting 

programming mistakes, but also a means of modifying existing components. 

The flexibility that NC gives to design changes, NC production of 

canponent families and group technology, and the savings this made in 

programming time can be discussed here to the appropriate level. 
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THE BLOCK AND ITS CDMPCNENTS 

< 

'ttle progranme for the workpiece ImJst be prepared observing specified 

rules, in order that the control device can understand data and transmit 

it to the operating element of the machine tool. 'ttleserules are 

standardised, for example the Uni ted States Electronic Industries 

Association (EIA) in their Standard RS-244 and the International Standards 

Organisation (ISO) in their Standard 646. 

'!he progranme is cx:mposed of blocks, each block containing itl:>ROO. 

~ H I*na, *n L .. '. J L .I.L 
Block Block Block I IEOB(End of 

Block) 

For example the ORAC Page 4 block is canposed of: 

- Function •••••••••••• PTP Point to point 

- X co-ordinate ....... 
- Z co-ordinate ....... 
- 'Ibol number ••••••••• 

- ~d ••••••••••••••• 

X or - X (towards spindle centre of revolution) 

Z or - Z (towards chuck) 

TOOL 

SPEED revolutions of spindle per rrdn 

- Feedrate •••••••••••• FEEDRATE ins/minute or nm/minute traverse rate 

- End of block •••••••• tnmward - pointing double arrow, PAGE shift. 

In Part 5 the ORAC word format ('~RD ADDRESS) is cnnpared with that used 

in the ISO 646 standard. 
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PARI' 5 

19> CDDES AND AIDRESSES 

S'IUDENI' READINESS 

- '!he ORAC functions which comprise the main prograrrme should be known and 

their application in making a programme. 

- Ensure that the meaning of the block and its words is understood. 

- Ensure that all students have sufficient theoretical teaching to readily 

understand circular interpolation (e.g. craft students may get this in the 

related workshop mathematics class). 

OBJECTIVES 

- Oamparison of ORAC and ISO block. 

- Teaching of the preparatory function, G code. 

- 'leaching of the miscellaneous (auxiliary) function, M rode. 

- Teaching of the ISO coding of Test Piece 1. 

- 'leaching of the subprograrrme, firstly in ORAC mode, with the example in the 

ORAC Manual, then the ISO code comparison. 

- 'leaching of the concept of the canned cycle. Turning cycles. 
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5.1 ISO 646 CXDES AND ADDRESSES 

The prOJramme is canposa:1 of blocks', separata:1 fran one another by an 

asterisk or the letters cr (Carriage Return of the punched paper teletype 

machine) • 

Each block contains words, as we hav~ seen in Part 4. The length of 

blocks ard words can be changed within the limits of the control. 

Generally blocks are only programmad with information which differs fran 

that in the preceding block. 

< H Block 

<I+-G 
H Block H n l-\slOCk I~ Il 
1~_t_IF_ls_IT_IM_ H f 

The words contained in the block may be built up as in the eKample shown 

here. A VDRD ADDRESS system is usa:1. vords are begun with the crldress 

letter, which specifies for which function the numerical information of 

the word is intema:1. The letters of the WJRD ADDRESS system according to 

ISO 646 are shown in Table 1. 

In the eKample here, which is also applicable to ORAC programming, the 

aadresses are: 

N = Block number (three digits, ORACS 160 blocks maximum) 

G = Preparatory function, two digits 

X = Operative X axis co-ordinate point (positive/negative) 

Z = Operative Z axis co-ordinate point (positive/negative) 

F = Fea:1rate, (ORAC maximum = 1200 mm/min) 

S = Rotational spea:1 function 

T = Tool number. 

The significance of the digit allocations is that, for eKample, n3 

imicates the capacity to accept 999 blocks of information in memory, g2 

means that G cedes do not eKcea:1 G99, am that s4 in:iicates that 9999 

spimle spea:1s can be numerical control specification ard. it is not 

necessary to eKpard the abridged eKplanation above at this stage. 
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TABLE 1 ADDRESS LETTERS ACCORDING 'ID ISO 646 

A Angular rotation about axis X 

B Angular rotation about axis Y 

C Angular rotation about axis z 
D Angular rotation about same arbitrary axis, feed function or second 

tool function (If not used for one of these functions is freely 

available for special purposes) 

E Angular rotation about arbitrary axis or second tool function 

F Primary feed function 

G Preparatory function, operation function 

H Freely available for arbitrary use (Will never be used in this 

standard for any particular meaning) 

I Distance fran circle centre point or thread pitch in the X axis 

direction 

J Distance fram circle centre point or thread pitch in Y axis direction 

K Distance fram circle centre point or thread pitch in z axis direction 

L Freely avail~ble for use (as H) -

M M function, that is Miscellaneous or auxiliary function 

o Freely available for use (as H) 

P 'Ihird axis in the X axis direction or tool diameter oompensation 

parameter 

Q 'Ihird axis in the Y axis direction or tool diameter oompensation 

parameter 

R 'Ihird axis in the Z axis direction or tool diameter oompensatin 

parameter 

S Spindle rotation speed function 

T TOol function 

U Second axis in the X axis direction (If not used in this oontext, 

freely available for special purposes, as D above) 

V Second axis in the Y axis direction (Same note as D and U) 

W Second axis in the Z axis direction (Same note as D, U, V) 

X Primary X axis 

Y Primary Y axis 

Z Primary Z axis 
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FUNCTION ISO ADDRESS ORAC IDRD MEANING 

Block number N PAGE Block number 

address. 

Preparatory 

function G G and PTP, CIRC Machine 

etc. corrmanded to 

perform set 

operation. 

Co-ordinate values X, Z X, Z Move corrmand in 

axial direction. 

Travel defined 

by value. 

R RADIUS Radius of 

blending arc. 

I, K - Circle roint 

co-ordinates. 

Distance from 

centre line X, 

Z axes. 

Feedrate F FEEDRATE Feedrate of 

tool. 

K PITCH Screwcutting 

pitch. 

Spindle function S (revs/min) SPINDLE SPEED Momentary 

spindle 

(surface speed) - speed. 

Tool corrmand T TOOLNUMBER Tool number. 

+ campens. no. - Tool compen-

sation factor. 

Miscellaneous function M END PROG M02 Control of 

machine tool 

functions. 

The above comparison is drawn between the IDRD ADDRESS format of ISO 646 

and the Machinist Language format used with ORAC. 
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In Table 2 the Preparatory Functions of ISO 646 are listed and in Table 3 

the Miscellaneous FunctieAs. 

A similar comparison will then be drawn up between the functions built 

into ORAC and the corresponding ISO functions. 

5.2 '!HE PREPARATORY FUNCl'Ial - G CDDE 

The code which represents the preparatory function follows inrnediately 

after the sequence number of the block, that is after the letter N and the 

number in question. preparatory functions are represented by a two-digit 

number prefixed by the letter G and therefore known as G Cbdes. 

The purpose of the G function is to command the machine tool to carry out 

the function which is represented by the selected code number, for 

example, GOO, move in the given axis at rapid traverse. 

In the ISO and EIA standards a range of numbers is reserved for special 

purposes, for example, GOO, GOI, G02 and G03 are all moves: the machine 

tool manufacturer or the control manufacturer applies these code numbers 

to those functions which are appropriate to the machine tool (lathe, mill, 

boring machine, ROM machines etc.). 

5.3 KJVE CXMWD; GOO, GOI, G02, G03 

a) GOO 

b) G01 

Positioning of the axis slides or spindle at rapid traverse 

rate (ORAC 1200 mm/min, production lathe e.g. 10/12 m/min). 

Since no cutting is performed as little time as necessary is 

occupied in these moves. 

Linear interpolation. A move is made between two 

co-ordinate points at a selected traverse rate which is 

normally the selected feedrate. When programmed with a G01 

carmand a lathe tool, for example, will be moved from its 

current co-ordinate position to the programmed position at 

the programmed feedrate and stops there to await the next 

comnand. 

Linear interpolation can be made simultaneously in more than 

one axis and GOl functions are used in all linear machining 

moves such as internal/external turning, facing, chamfering, 

taper turning, parting off etc. 
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c) G02, G03 Circular arc interpolation, rrore oorrmonly known as circular 

interpolation. The path followed by the tool is an arc or a 

series of circular arcs to provide the profile required. 

In G02, G03 rroves the tool follows a circular path frcm its current 

posi tion (start of the arc) to the programned end point, at the feedrate 

progranmed. In using ORAC this is a minimum value of 40 rrm/min to allow 

the interpolation to be accurate. 'Ib achieve the best finish it follows 

that a high rotational speed should be selected. 

G02 interpolation follows a clockwise (CW) path. 

G03 interpolation is in the counterclockwise (CCW) direction. 

(All students with digital watches, please look at the clock •••• ) 

The procedure for circular interpolation with ORAC, as has been seen, is 

simple. W3 need only decide in which segment the arc is to be machined, 

is the rrovement clockwise or anticlockewise, adn delete the character not 

wanted, enter the radius of the arc and the co-ordinates of the end 

point. 

The diagram on tpe next page illustrates the format for circular 

interpolation programming in ISO codes: 
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8 ~~----------~~~---r-

Arc direction 
U/2 

~ 
I I 
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! 
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o pOin.t 

XCU) Co-ordinates of arc endpoint 

Z(W) (incremental values) 

Xl2 

rX 

A: Start of arc 

B: end of arc 

c: circle centre 

D: arc radius 

(XD, ZO) 

+z 

+x 

I The distance of the arc startpoint fran circle centre in the X 

direction or the centre point X co-ordinate 

K The distance of the arc startpoint fran circle centre in the Z axis 

direction or the centre point Z co-ordinate 

F Mbmentary feed in tangential direction. 

G04 tliELL 

The programnable dwell 004 is freely selectable for progranme 

construci ton. It is intended for such purposes as holding the tool at a 

given position for a programned length of time and NEVER for use as 

toolchange time or swarf clearance. 

Operations where G04 may be used include burnishing time with a finishing 

profile tool at full depth, short interruption of cut for breakage of long 

coils of swarf, possibly in parting off operations, and so on. 

Allocation of the time in seconds of application of the dwell, listed as 
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COUNT on ORAC can be given, for example, the free ISO address letter L 

which is in use in some NC systems in this meaning. 

G33 'IHREADING 

In ORAC the G33 'IHREADING page is a canned cycle in which all the 

parameters of single start screwcutting, internal or external, at 

constance pitch and diameter, can be programned with one block. '!his 

operation has required that the rotation of the spindle and the feedrate 

is arranged by the sensor at the spindle drive. '!he carriage of the 

machine rroves a defined distance for each pulse transmitted. '!he zero 

pulse of the sensor controls that each threading cut begins from exactly 

the same point. 

G45 TOOL OFFSET 

The tool offset, or compensation procedure, will have been met already in 

practice, using the ORAC MANUAL. Further discussion of the relevant G 

codes will be made later. 

G73 REPEAT FACILITY 

This code is listed as free is ISO code but is in the region associated 

with canned cycles, G72-G89. 

In ORAC the 00 LOOP, Repeat Facility is coded as G73 in associated 

software and with the 00 LOOP certain canned C¥cles of turning can be 

built up. 
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arHER G CODES IN ORAC (lATER MARK II r-DDELS) 

G05 END OF SUBROUTINE 

G06 END OF IX) LOOP 

G26 AUXILIARY INPUTS 

G27 AUXILIARY OUTPUTS 

G28 SUBROUTINE srARI' 

G50 PROGRAM DATUM 

G65 CALL SUBROUTINE 

G70 IMPERIAL UNITS 

G71 MErRIC UNITS 

G73 STARr IX) LOOP 

G90 ABSOLUTE FORMAT 

G91 INCREMENTAL FORMAT 
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TABLE 2 G FUNcrIONS ISO 646 

GOO Positioning at rapid traverse 

GOI Linear interpolation 

G02 Circular interpolation, clockwise 

G03 Circular interpolation, counterclockwise 

G04 Programmable dwell 

G05 Free 1) 

G06 Parabolic interpolation 

G07 Free 1) 

G08 Automatic acceleration to a known speed 

G09 

GI0-G16 

G17 

G18 

G19 

G20-G24 

G25-G29 

G30-G32 

G33 

G34 

G35 

G36-G39 

G40 

G41 

G42 

G43 

G44 

G45-G52 

G53 

G54-G60 

GGO-G62 

GG3 

G64-G69 

G70 

G71 

G72-G73 

G74 

G75-G79 

G80 

Automatic deceleration to a known speed 

Free 1) 

Selection of circular interpolation in the XY place, for 

compensation of rotating tool or the like 

As above, for ZX plane 

As above, for yz plane 

Free 1) 

Cbntinuously free 2) 

Free 1) 

Thread turning constant pitch 

Thread turning increasing pitch 

Thread turning decreasing pitch 

Oontinuously free 2) 

Cancellation of tool compensation 

Rotating tool compensation, right hand side 

Rotating tool compensation, on the left hand side 

TOol positive compensation move 

TOol negative compensation move 
Free 1) 

cancellation of zero point shift 

Zero point shift codes 

Free 1) 

Threading by tap 

Free 1) 

Programming in inches 

Metric unit programming 

Free 1) 

Move to start point 

Free 1) 

Cancellation of canned cycle 
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G8l-G89 

G90 

G9l 

G92 

G93 

G94 

G95 

G96 

G97 

G98-G99 

Reserved for canned cycles 

Absolute programming mode 

Incremental programming mode 

Data input to memory in advance 

Feedrate value is translated proportional to time 

Feed in rom/min 

Feed in rom/spindle revolution 

Constant peripheral speed (Spindle rotation speed 

automatically regulated to keep peripheral surface speed 

constant) 

Spindle revolutions/min 

Free 2) 

1. Free codes. '!his :rreans that codes are not, at least for the time 

being, reserved for some purpose, but are at the free disposal of the 

control device or machine tool, manufacture to use arbitrarily. 

2. Continuously free codes will not be used in the future in the meaning 

of the standard for any prescribed function but are at the disposal of 

control manufacutre or machine tool builder to use arbitrarily. 
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5.5 MISCEI.I.NHlJS FUNCTI~, M ODES 

The M function is the last item of data to appear in the block before the 

em of block (EOB). 

Miscellaneous functions, also known as auxiliary functions, are those 

other than positioning controls, which have to be set to ensure correct 

operation of the machine tool. SUch functions include start am stop of 

spioole, coolant pump, selection of coolant type, toolchange, canponent 

change with robot loading, clamping, am a number of functions connected 

with spindle speed am direction of rotation. 

The first three M ccxies, MOO, MOl, M02 are related to the programme 

itself. 

M CODES IN ORAC 

MOO PRCGRAM STOP 

The progress of the programme is halted for the time being am spindle, 

feeds am coolant (if present) are switched off. 

In ORAC this occurs, for example, at any stage to allow the operator to 

change the workpiece or 'Ene tools~ The pr9@£'-amme must be restarted by the 

operator using the START CYCLE button. 

MOl SELEcrIVE STOP 

Provision is made to stop the prOJramme running by depression of an 

Optional Stop button. This button must be depressed before the programmed 

entry is reed as the system otherwise ignores the MOl cede. In production 

machines this is useful for swarf clearance etc. The operator must 

restart the cycle manually. MOl cannot be written for ORAC as there is no 

optional stop button. 

Certain software written for ORAC codes the stop after screwcutting, 

awaiting tool change am continuation of programme as MOl, but in ISO code 

this is a MOO prOJramme stop. 
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MU2 PRCGRAM END 

In OAAC the meaning is self explanatory. The programme in rremory has cane 

to its errl. After the M02 canmarrl has been read the machine spirrlle am 
feoos stop am the programme in memory is readied for repeat of execution 

or for ooiting if so desired. 

In Numerical Control machines in which the programne is run off tape 

rather than fram memory the M02 functions stops spirrlle, coolant and feed 

functions after completion of programme canmands arrl rewinds the tape to 

its beginning. 

INTERPRETATION OF OTHER ORAC FUNCTIONS AS ISO M CODES 

M03 ORAC Main spindle rotation is towards the operator, that is 

counterclockwise. It is therefore in ISO coding M03. 

M06 TOOLCHANGE 

Toolchanging in ORAC is of two kinds. 

a) Manual using Multifix toolh::>lders. 

Signal for tool change requirement is a flashing cursor indicating 

b) Toolchange using a programmable turret head. 

OTHER AUX I - AIJX 0 M CODES 

Selection of other M coo.es for the AUX I - AUX 0 functions is entirely 

arbitrary and can, in principle, use any of the Free M codes e.g. Ml2-Ml8, 

or codes M06, M60. 

NOTE: In writing programmes in ISO format for direct use with ORAC, it is 

essential that the ISO code be translated into such form that the 

ORAC control will recognise. It is not possible to programme ORAC 

direction of spindle rotation, for example. Furthennore, all 

software written for this purpose must be examinoo to ensure that 

this capacity to translate in the codes you have written is present. 
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In later model of ORAC the WORD ADDRESS codes visible on screen and the 

assistance of graphics at the screen has simplified this matter, software 

becoming more standardised with these later developments. 
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TABLE 3 MISCELLANEOOS FUNCTIQ.\lS ISO 646 

MOO Program stop 

MOl Intermediate stop 

M02 Program ern 

M03 Spirnle rotation clockwise 

M04 Spirnle rotation counterclockwise 

MUS Spirnle off: coolant off 

M06 Tool change 

M07 Coolarn N:o 1 on (e.g. Mist coolant) 

M08 Cooland N:o 2 on (e.g. Flood coolant) 

M09 Coolant off 

MlO Clamping (e.g. table, slide, YtOrkpiece, fixture, spirnle 

etc.) 

Mll Clamping released 

M12-M12 

M19 

M20-M29 

M30 

M3l 

M32-M39 

M40-M45 

M46-M47 

M48 

M49 

MSO-M57 

M58 

M59 

M60 

M61-M89 

M90-M99 

Free 1) 

Spindle stop in specified angular orientation 

Continuous free 2) 

Program ern. Stop am return to start character 

Clamping override 

Free 1) 

Change of gear ratio if this required. Otherwise free 1) 

Free 1) 

cancels M49 

Daletion of manually adjusted feedrate or rotation speed, 

i.e. return to progrC:lIlffiEd values 

Free 1) 

cancels M59 

Maintains the spirnle speed constant even though a G96 

initiated (const. surface speed) 

WOrkpiece change 

Free 1) 

Continuously free 

1 am 2: These notes have the same meaning as for the preparatory 

functions, that is they are free for the use of control unit or 

machine tool manufacturer to select as he feels appropriate. 
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5.6 TEST PIOCE 1. w)RD ADDRESS FORMAT PlU3RAMME SHEET 

N G X 

NOI G71 

N02 G90 

N03 GSO XlS 

N04 GOO Xl3 

NOS G91 

N06 G73 

N07 GOO X-I 

N08 GOI XO 

N09 GOO XO.S 

NIO GOO XO 

Nll G06 

N12 G90 

N13 GOO XlO.l 

N14 GOI XIO 

NIS G02 X12.S 

Nl6 GOO XIS 

Nl7 GOI 

N18 GOO XO 

z 

ZS 

ZO.2 

ZO 

Z-30.2 

ZO 

Z30.2 

ZO 

Z-29.9 

Z-30 

Z-32.S 

ZO 

ZS 

ZO 

I K 

13 

12.5 

F S T M 

1000 800 1 (Spindle rot. 

90 

1000 

1000 

50 900 

1000 

50 

M03) 

o MOO (toolchange 
ref. end 
progranme) 

o M02 

NarE: In the above interpretation GSO, G73, G06 are taken as free codes 

for the use of Denford Machine TOol on ORAC. 

Note also in block 6 that the count 3 of the ORAC format, indicating three 

cuts each of 1 nun is replaced by the address I and mnnber 3, indicating 

three cuts. Also note in block 15 that the radius value 2.5 rrm used on 

the CIRC page is now described using the I notation, again an X axis 

distance of 2.5 nun. 

In writing IDRD ADDRESS prograrrmes it is not necessary to repeat in the 

following block identical data, but I (and K) values are cancelled if not 

required in the next block by writing 10, KO. 

Examples of use of I and K are given in the following extract fran an 

industrial programme. 
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Below is an extract fran an NC progranme for a production lathe. l'bte 

that tool is row approaching fran the rear, probably in a revolving turret 

head, and that workpiece rotation is row clockwise (rn03) constant speed 

G96. 

~--------------- ~r-------------------~----~--~ 

0 
po.. .. ID 

l 

I-lOOO 
K-1497 

.~ .. 

&3 .. 
~ .. 
t 

b) c:) 

lNK co .. Il039 I-1600 
K-600 

----- I 

I • I 
I 

I 
I .. ., 

/ po.. 

/ 

-~ '" .-.. 
xo.zO 

d) 

1t 
~ 

0 
M .. "K-500 

This extract is neant to illustrate the uses of I and K in linear and 

radial lIDVes. 

NOOI 
N002 GSO X-15000 Z3000 82000 
N003 GOO 10303 M42 
N004 G96 8150 M03 

(Tool 3, offset 3, TUrret index) 

NOOS X-1500 Z500 ................................ a-b 
N006 GOI ZO F050 •••••••••••••••••••••••••••••••••••• b- c 
N007 X-2000 F015 •••••••••••••••••••••••••••••••• c - d 
N008 G02 X-3000 Z-SOO IO K-SOO •••••••••••••••••••••• d - e 
N009 GOI Z-157l ••••••••••••••••••••••••••••••••••••• e - f 
NOlO G03 X-3429 Z-237l I-1600 KO •••••••••••••••••••• f - g 
NOll GOI X-5878 Z-4493 •••••••••••••••••••••••••••••• g - h 
N012 G02 X-6200 Z-5093 Il039 K-600 •••••••••••••••••• h - i 
NOl3 GOl Z-6003 ••••••••••••••••••••••••••••••••••••• i - j 

N014 G03 X-4600 Z-7S00 I-lOOO K-1497 •••••••••••••••• j - k 
N015 X-7000 Z 9255 I-1800 KO •••••••••••••••••••• k - 1 

N016 GOO X-15000 Z3000 •••••••••••••••••••••••••••••• 1 - a 
N017 10300 ••••••••••••••••••••• (Tool offset cancelled) 
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5.7 SUBRlJTINFS 

A sUbroutine is a discrete part of a computer programme which carries out 

a particular function and which can be brought into operation at any tDne 

with information generated in another part of the programme. 

Thus in NC programming terms the programme means the main programme 

together with its subroutines. 

Subroutines fall into two categories: 

a) Fixed or canned cycles in which one canplete operation, such as 

screwcutting, drilling or tapping, can be programmed by a single block 

in which all the required paraneters for the operation are covered. 

I 
RaughiDJ cycle - diamet , 

Oblique shoulder 

to spigot 

Roughing cycle -

Taper and shoulder 

The ORAC 'lHRD paye, G33, is the only example of this so-called canned 

cycle in ORAC and it is part of the system software. Most systems 

nowadays sport a generous number of these canned cycles, which 

noticeab..l.y shorten MDI and NC programming in general. 
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b} User subroutines, knCMn as macros. These are built up by the operator 

and stored in memory in accordance with the needs of the particular 

range of work to be dealt with. In principle there is no difference 

between the construction of the canned cycle and that of the user 

routine. 

SUBPRc:x;RAMME EXAMPLE FRaIll O.AAC MANUAL IN VDRD ADDRESS FORMAT 

N G 

NOI G71 

N02 G90 

x 

N03 GSO X20 

N04 GOO Xl6 

NOS G6S 

N06 GOO 

N07 G6S 

NO~ GOO X20 

N09 

Nll G28 

Nl2 G91 

Nl3 GOl X-6 

Nl4 

NIS 

Nl6 

X6 

XO 

X-6 

Nl7 X6 

Nl8 G90 

Nl9 GOS 

Z 

ZIS 

Z-12 

Z-32 

~lS 

ZO 

Z-8 

ZO 

F S T 

1000 600 I 

40 600 I 

1000 

llll02 

(PROG D.A.TUM) 

(Note total travel 
towards chuck 
27 Iml) 

(CALL) 

(Start SUS) 

(END SUS) 

NOTE: In this example call of subprogramme has been given G code 6S, the 

subprograrnme has been given code G28 and the cancellation, or end of 

the subprogrcmme, GOS. 

It should be noted also that the mnnber of repeats of the subprogramrne (in 

this case one run only), and the code or subprogramme number 

identification have not been given in this example. This is not a problem 

with O.AAC since only one main programmme is run at a time and 

subprcyrammes are identified by different identity numbers. 
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The above subprograrrme consists of a tool inward feed on the X axis of 

6 nm, return 6 rom,. traverse of 8 rrm in the Z axis towards the chuck, 

repeat of the infeed and the withdrawal, this terminating the 

subprograrrme. 
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PARr 6 

'1OOL St:n"It«;, 'IOOL. OFFSETS 

STUDENT READINESS 

- Ensure that students understand principle and operation of Multifix body and 

toolholder, the need to keep the body and toolholders scrupulously clean 

during use and the main frame locked in ane position during each programme. 

- Students will already have performed the tool offset ~utines as described in 

the ORAC Manual and the teacher will then have made observations to them 

concerning the need for the offsets, positive or negative, and the principles 

and practice of making and storing them for future use. '!he whole of the 

offsetting method should be revised and, time and syllabus permitting, the 

principle of tool diameter oampensation, as in milling, discussed. 

- Before embarking upon tool oose radius oampensation, and depending upon the .. 

depth to which the topic will be dealt with, ensure that students have 

sufficient mathematical knowledge to understand the geometrical errors 

generated in certain profiles if this oampensation is oot made. 

OBJECTIVES 

- 'Ib ·ensure that students understand the function of reference tool 0, the 

relation to it and to the programme Start Point of subsequent tools used in 

anyone programme. 

- 'Ib teach basic principles of various toolsetting alternative an production NC 

machines (time and facilities permitting). 

- 'Ib teach the principles of qualified tooling, precision indexable tips 

(e.g. Stellram) etc. 

- Teaching of oampensation for tool nose radius and ISO coding of tool 

compensation (depth of teaching dependent on needs of syllabus, student 

course and time available). 
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6.1 '1OOL SE'lTnG 

The objective in sett-ing the tools in an NC machine is to position than in 

relation to the numerical Cartesian co-ordinates of the machine tool in 

such a manner that the co-ordinates of their cutting faces are in fixed 

am knONn locations. 

This objective is achieved in same systems by.clamping the tools, or the 

tools with their imividual holders into piace in the machine, they having 

been set beforeham in a tool-setting unit in order that their locations 

relative to the machine zero point are knONn. 

In some machines, including ORAC, the tools may be arbitrarily clamped in 

position in unknONn locations. In these circumstances, using manual 

controls, a location cut is taken on the em 

face of the workpiece, which then is taken as Z 

axis zero point. A secom cut is then taken on 

the diamter, the workpiece rreasured am its 

diameter keyed into rrernory. 'Ibis represents the 

distance of the X axis zero point. The 

procedure is repeated for the remaining tools by 

just touching the Z zero plane, am setting the X 

axis in the same manner, the offsets fran the 

1 
T 

0-10 

-1r-
-2_'35 __ 1 \ 

• , I 

zero datLm being autanatically calculated am Xo' Zo 
reyistered in rremroy (see ORAC TOOL OFFSET EDIT 

- ~0-75 . FACILITY). Naturally these offsets can be 

edited to achieve required accuracy or to I n 
canpensate for wear if this becanes excessive, .1.-\' 

,0-15 
by the editing procedure. 

* TOOL OFFSET EDIT ** 

TOOL. 0 
TOOL. 1 
TOOL. 2 
TOOL. 3 
TOOL. 4 
TOOL. 5 
TOOL.6 
TOOL. 7 
TOOL.8 
TOOL.~ 

X Z 
000.00 000.00 

-002.35 000.10 
010.15 -020.75 
001.00 000.10 
000.00 000.00 
000.00 000.00 
000.00 000.00 
000.00 000.00 
000.00 000.00 
000.00 000.00 

"F" TO QUIT 
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This procedure also defines the location of the Programne Start Point 

(PROG [).l\T) relative to the now-defined Zero Point. Tool 0 is kept as a 

reference tool to avoid the necessity to repeat the offset procedure 

should one of the tools break or become excessively worn. 

In this kind of system it is not necessary to specify the tool setting 

dimensions at the programming stage. 

6.2 sam ALTERNATIVE 'tOOL SETrIr«; ~ 

Several methods employed in industrial circumstances for tool setting are 

briefly mentioned in the following. The setting methods can be grouped 

according to the principle, at which stage the necessary measurements take 

place. 

Measurement may take place in machining of the first workpiece, on the 

machine tool when mounting the tools, or during tool pre-setting 

operations. A further method of considering the offset/compensation 

method is on the basis of whether the tool position is to be measured or 

the workpeice. Compensations are performed when tools are located rrore 

precisely in the machine co-ordinate system. 

SE'ITING WITH THE AID OF THE CONTROL UNIT 

In ORAC use the measurement occurs in machining the first workpiece with 

reference to its reference surfaces. Another possibility is to use a 

simple receiver gauge of known dimensions on which the tool can be set, 

and a similar gauge can be used for the setting bar stock of known 

diameter in the Z axis for batch machining purposes. 

SE'ITING BY MANUAL MEASUREMENT CN THE MACHINE 'IDOL 

Tools can be set into position on the machine tool to known measurements 

or the setting lengths of fixed tools can be confirmed, using a depth 

micrometer, vernier or setting gauge for this purpose. 

TOOL PRE-SE'ITING MACHINE 

Tools are set up in their holders in an inspection room and/or using a 

specially designed machine for pre-setting the tool tip lengths in defined 

X and Z axis positions (or other axes for other types of machine). The 
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objective in using the pre-setting technique is to reduce the setting time 

on the numerical control machine to a minimum, since all time taken at the 

machine when it is not actually cutting is unprofitable. Cutting metal 

can then begin with the least possible editing of the tool position. 
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QUALIFI'ED TOOIS 

125 zO,OS 

. 
X 

t 

Tool settinJ in the numerical control machine tool can be made wi thout any 

pre-settinJ procEdures using tools which have been made accurately to 

dimensions such that the position of the tool tip canes to a precisely 

known location when IlDuntEd in the machine tool. This technique was 

introducEd by the manufacturers of autanatic lathes, warner arrl SWasey, 

who gave this type of tooling the nane 'qualifiEd tooling'. 

The technique involves the use of a shank or other tool holder, the length 

am cross-sectional dimensions of which, together with the seating into 

which ham-metal in:lexable inserts are clamped, are manufactura:i to 

precise stamaros. The inserts, which may be single or double sida:i, an::l . 
camonly have three or four cutting a:iges per side, are made to the same 

stardaros of accuracy. The tool holder is then locatEd against precision 

machined faces in the macnine tool holder blocks for turret hea:1 external 

turniIYJ or for 51 ide turret holders. 

Thus the tool tip posit~on relative to the machine too~s o;.m reference 
, 

lDint or to sate other zero datum is defina:i. 
: --, c=: -, 234 Ref •• 

r-~.J ~l 
I ~703-5301 

.) 
.--"" 

INSERT TOOL PQSITIOO 

RADIUS A B C b b 
Tool Holder 
171.315.2525F.12011 X Z -

0 95.92 4.92 84.92 164._2 

1---+--..;;.;;32 Z 0,08 0.4 95.95 4.96 84.96 164.96 

0.3 96.00 5.00 85.00 165.00 

1.2 96.04 5."04 85.04 165.04 

1.6 96.08 5.08 85.08 165.08 

2.4 96.16 5.16 85.16 105.16 

f:t 0,08 .~ I , 
~ L If!:O,OB 
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6.3 'lOOL RADIUS <D4PFNSATICfi AND 'lOOL OFFSETS IN IS) CDDES 

The meaning of the term tool radius compensation is an autanatic NC 

function in which. the generation of a geometrically incorrect contour or 

taper as the result of using a cutting tool with a nose radius is 

prevented. Such geanetric errors arise in progranming since it is then 

assumed for mathematical reasons that the tool has no such radius. (See 

Figure 6.3.1.) 

In machining an internal or external cylindrical surface and in facing 

operations when the tool path is linear no matter whether there is radius 

to the tool nose or not, there is no geanetrical error. 

However, in making chamfers and tapers and alos in circular arc movements, 

the points which are progranmed for the path in question and the actual 

dimensions of the workpiece produced deviate from one another due to the 

radius at the tool nose. '!his radius is of standard value according to 

values published by the manufacturers, or is ground to a known value in 

the user factory. 

Effects of uncanpensated turning and illustration of the profile after 

compensation are shown at Figure 6.3.2. 

'IOOL COMPENSATION OODES, ISO 646 

In a production NC lathe there are commonly 10 to 16 lathe tools mounted 

on one or two turrets or tool blocks. '!he ISO tool code T is given four 

digi ts • '!he first two digits indicate tools up to 99 in number and the 

last two are for the purpose of registering the current compensation 

correction, e.g. T0202. 

G41 = left 

G42 = right 
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'!he G codes given for tool <X:lItIpensation define, when feeding in a given 

direction, whether the ~rkpiece surface being nachined is to the left of 

the tool cutting point or to the right. (See figure on previous page.) 
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Figure 6.3.1 

Lathe tool holder, indexab1e tip 

and assumed t001point for progranme. 

Figure 6.3.2 

Form produced by nose radius 

when compensation for it has 

been rrade. 

o Progranme point 

. Machining point 
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has not been made. 



PARI' 7 

GENERAL REVIEH OF NC P~ 

STUDENT READINESS 

- Understanding of job planning and preparation for machining. 

- Understanding of programme construction with ORAC and in WOrd Address format 

and ability to perfonn all necessary calculations up to the level taught. 

- Preparation of programme sheets for own sketches and drawings in ORAC and 

Word Address format. 

- Understanding of Manual Data Input to ORAC of the programme, cassette 

techniques, tool offsetting procedure, editing of programmes in memory. 

OBJECTIVES 

- To give understanding of eKtent that the microcomputer can assist in 

pro;Jramming and checking tasks; the influence of this in bringing rrore 

responsibility (and rrotivation) to the machinist in charge of the NC machine. 

(These topics can be extended according to time and facilities available and 

the needs of the syllabus. 

- Brief reference to differences between larye central computer aid to NC and 

the microcomputer levels of use. 

- Teaching as required the idea of the computer language and the concept of 

binary data input for ON/OFF switching. 

- Recognition of the essential differences between paper tape input and 

magnetic tape input to the NC machine. 

- Ensure that stu:ients kno.v and if possible can recognise what equipnent is 

nea:1a:1 for paper tape input of NC data am know about the principal tape 

codes, ErA, ISO, BS etc., for this input. 

NOTE: The intention of this book has been to provide ideas and assistance to 

the teacher and instructor of NC techniques, using ORAC as a principal 

teaching aid. We have not, therefore, taken discussions in areas outside 

that level beyom what may be considered as an introduction to essential 

topics to be covered and these are by no means eKclusive. 

As CNC techniques are the subject of very rapid technical progress it is 

sugyested that further sources of information on CNC topics must include 

continuous reference to national and international Standards and the 

technical literature and manuals of manufacturers of CNC systems and of 

machine tools. 
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7.1 GmERAL RE.VIEJtl OF NC ~ 

until this point we have discussed the features which make up manual 

programming, in which the calculation of geometrical data has been 

undertaken. 

The programming can also be performed by computer as was largely the case 

in the earlier days of numerical control. The advent of the micro-

processor and the microcomputer has nowadays brought NC programming out of 

the Programming office fOC)re onto the shopfloor, but there is still large 

reliance on computer-aided programming. When this is performed away from 

the machine tool, whether it be with mainframe computer facilities, or 

with some less powerful computing unit, one speaks of OFFLINE PROGRAMMING. 

In using ORAC the central processing unit of the oontrol performs all 

calculations within its capacity and in addition its RS 232 interface 

allows cammunication with an OFFLINE terminal where programmes can also be 

prepared and checked (debugged) and also translated into another format, 

with the aid of suitable software. 

The advantage of using offline programming in industry is that input of 

the programme to the machine is very fast and the machine does not stand 

idle during input of a programme. 

In the teaching situation offline programming allows more students to use 

the machine but at the same time those students who need to practice 

making and testing programmes in their future jobs do not benefit directly 

from offline programming. They do, however, benefit from the checks it 

provides on the programmes they have made. 

To review the stages involved in constructing an NC programme the 

following are listed: 

1. Machining plan 

- work stages 

fixtures, machine accessories, clamping, fOC)unting 

- tools, tool holders, measuring tools and gauges etc. for set-up 

- preliminary instructions and drawings. 
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2. Carrying out necessary calculations 

- co-ordinate points 

- machining calculations, relevant feeds and speeds, depths of cut 

etc. 

3. NC prograrrme construction 

- prograrrme sheet 

- co-ordinates, preliminary and miscellaneous functions, addresses. 

4. Input of data on the prograrrme sheet to the control or to paper tape 

punch and teletype unit paper tape output, for transfer to machine 

memory on the shopfloor (data transfer medium may be magnetic tape). 

5. Pre-setting of tools if applicable. 

6. Running of the programrre on the machine tool 

- performing setup 

- editing, compensations, etc. 

- I dry run I, test run, first off 'AOrkpiece 

- inspection of 'AOrkpiece, revision of prograrrme values, e.g. feedsj 

speeds. 

7. Documentation 

- programme listing 

- setup lists (tools, fixtures, etc. for subsequent batches) 

- filing procedures, microfilm store etc. 

1.2 MANUAL~ 

In manual prograrrming the programner calculates the tool paths, that is 

the mutual locations of tools and the 'AOrkpiece to be machined, defines 

the machining values of feed, speed and depth of cut, decides on the 

necessary commands required and draws these up in the form of a 

handwritten programme sheet, usually of standard type, in which the data 

has individual columns for function, co-ordiante etc. 

After checking, this prograrrme sheet will be taken for typing out on a 

teletype design of writer connected to a unit for producing the punched 

paper tape version of the data on the programme sheet. Separate 

instructions for the user of the machine are generally also prepared at 

this stage, since information lacking of deficiences in the prograrrme 
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sheet will lead to lost tilne or scrap work. 

In cases where paper tape input to the machine is rot used the prograrrme 

sheet may be drawn up by the user of the machine. Whoever fills out the 

programme sheet must approach the matter in an orderly manner and needs to 

have excellent knowledge of manufacturing techniques in general and 

machining in particular, tools and machining calculations. 

Experience has shown that the machinist prograrrmer is a satisfactory 

solution of small batch work, praticularly as some oontrol units allow 

prograrrming of the next workpiece whilst the current piece is being 

machined. 

In general, it must be said that the best results on an expensive NC 

machine will be achieved if operated by a good, experienced machinist. 

7.3 <XJ4PUl'ER~ 

In Computer Prograrrming, also referred to as 'Computer-Aided Prograrrming 

(CAP)', the greatest possible amount of routine matters are transferred to 

the computer to perform. 'ttle oomputer ~lculates from the data supplied 

to it the necessary points for the tool path, translates the prograrrme 

into a language which the machine tool can understand and outputs a ready 

tape, prograrrme listing and machining instructions. In addition the 

computer performs an inspection for basic programming faults. 

7.4 QJIPMmT ~ FOR CAP 

The calculations required for the prograrrme are carried out on a COMPUTER. 

The computer may be a large and powerful unit, perhaps belonging to a 

large oompany and used for other tasks as well as NC prograrrming. It is 

sufficient for NC programming purposes if there is available one of the NC 

language processors and suitable translators (postprocessors) for the NC 

machines in the organisation. In using such a oomputer the run can be 

performed in one of three methods: 

- REALTIME. 'ttle data is input and the results are output inmediately 

after the calculations have been oompleted. 

- TIME-SHARING. 'ttle user only has a short time available, reserved for 

the handling of his programme. 'ttle input of the data directed through 

various terminals is so shart that the user does rot in practice notice 

any difference. 
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- BATCH-PROCESSING. One user task is executed completely to the em, 

before transfer is made to another task. The computer calculates the 

batches one at a tline. 

If the computer is one of the microcomputer types which are wi thin the 

reach of quite small companies am organisations, it will probably have a 

central memory store of 64 to 198 kilobytes am the v.ord length 12 to 16 

bits. 

In addition, cammon peripheral equipment required will be a printer, which 

may be part of the computer package, a paper tape punch unit, a paper tape 

reader unit, a plotter of about A3 size am an externally connected memory 

unit, such as magnetic tape, diskette or disk, or cassette. A plotter is 

not necessary if the computer is furnished with own graphics display or 

Hard Copy can be taken from the graphics for reference. 

The computer processes the programme using a relevant programme language 

processor. The programme in question is generally based on a computer 

lan;;Juage (e.g. FORTRAN, BASIC, ALGOL) and translates the machining 

programme, performs any necessary mirror-functions, repeats ard pattern 

transformations and calculates the co-ordinates of the tool centre point 

along the tool path. This tool path data, plus the still unprocesses 

technological instructions (speeds, auxiliary functions etc.) , are 

depositro in a file known as the CLDi\TA file. (CUTTER LOCATICN ffiTA.) 

In some systems (for example EXAPT, GTL, CONTURN) there is an additional 

technological processor which, with the aid of methoos, materials ard 

tooling files depositro in memory also prepares the programmer 

technological decisions, that is to say selects suitable tools, order of 

machining, spero ard feed selections, chip thicknesses am calculates 

toolpaths. 

The contents of the CLffiTA file are handled by a postprocessor written for 

the machine tool to be programmed. The postprocessor is a computer 

pr0;Jramme which formulates from the CLDATA file co-ordinate information 

the co-ordinates required for the machine tool am supplements them with 

the necessary N, G and M codes so that blocks are made up which the 

machine in question can understard. The postprocessor usually also 

calculates the machining cycle tline ard checks that the capacities of the 

machine are not exceeded. 
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7.5 INPUr OF THE NC PRX;IWIo1E BY PAPER TAPE 

In using ORAC, the ORAC Manual and this rook, we have seen how NC 

prograrnnes are oonstructed and how they are input into ORAC memory by 

Manual Data Input (MOI) and by magnetic tape from cassette. 

In the early days of NC in the beginning of the 1950's however, the only 

means of operating machines was to run them from paper tape input and 

there was not the flexibility of editing programmes that the CNC units of 

today afford. 

Paper tape input is still in wide use today for the longer and complicated 

prograrrme and, of oourse, with the older NC type of machine which is still 

operating and doing good work. 

The use of punched tape is based on the use of alpha numeric data being 

changed into binary fonn. Students are all familiar with the decimal 

system with its base of 10 and in which the value of a whole number is 

built up from multiples of units, tens, hundred, thousands and so on. 

Using the decimal system the number 1984 is oomposed of four units, eight 

tens, nine hundreds and one thousand. In terms of the ir powers the four 

groups making up the number 1984 are: 

103 + 102 + 101 + 100 

1 9 8 4 

Using as the base the number 2 

20 = 1 

21 = 2 

22 = 4 

23 = 8 etc. 

Why then are powers of 2 used to represent numbers in oontro1 systems? In 

very many applications of oontro1 engineering, all that is required is to 

swtich some function ON or OFF. Using the binary system a circuit can be 

made for a oontrol situation which is a binary oondition. a valve or 

switch or relay is either ON or OFF. As we have a numbering system which 

only uses t"WO characters, which we can make to be 0 and 1 and which 

furthermore can be related to the positions of an rn/OFF switch, the 

binary application is clearly advantageous to use. Since the highest 

value of a decimal digit is 9 it is not necessary to extend the 

construction of binary numbers beyond 1 to 9. 
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In the tables below it can be seen how the numbers 1 to 9 are made up in 

the binary scale. 

In the application of the bina:r:y scale to numerical control systems the 

first step is to arrange that in a tape passing across sensing elements 

there are holes punched across the face of the tape. If we start by 

assuming that there are four such hole~king punch units, each 

representing one of the bina:r:y powers 20 , 21, 22 and 23 and that 

the sensing elements across which the tape is passed are able to recognise 

the presence or otherwise of a hole passing over or between then we have 

the essential components of a continuous oontrol system. '!he sensing 

element, for example a photosensitive cell coupled to a light source, is 

energised by the spot of light passing through the hole in the intervening 

tape or remains in its passive OFF state if there is a space (NO hole) in 

the tape. 

The above illustration is, of course, oversimplified. Punched tape has 

been in use for ve:r:y many years in the telecomnunications industries and 

the idea of using two ~ls in oambination will be familiar to students 

fran the dot-dash comnunication ItCde of the Morse COde. 

"'---1-- -- --

I 
22 21 2 0 8 -4 2" 1 I' -
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I I I 1 

I 0 8 4 2 
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; 1 0 
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1 I 1 I 

0 =2 
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I '01 
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1 0 0 

1 0 1 

22+ 0 + 0 =4 

2 2+0 + 1 =5 

II'" - 14 
I 11-5 

$ 
e) I~ 
® @I 

1 , 1 0 22+ 21 + 0 =6 ( y' 16 I® G ~')' 

1 , 1 1 22 + 21 +1 =7 ,; I 117 
& 
® e) 

0 I 0 0 2 3+0 +0 +0 =8 , I /8 
o j 0 1 -. 2 3+0 +0 +1 =9 I y'l 9 ~ 
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In NC applications the information which must be conveyed by the holes in 

the tape is dimensional, letters making up the IDRD ADDRESS format e.g. X, 

y, Z, prefixes G, N, F, S etc., and numbers relating to the progranme 

component blocks. These are put together into codes which are 

recognisable to the machine an its control system. Each character (digit 

or letter) is represented by a combination of holes or spaces in one row 

across the tape. Thus each row of holes across the tape can be read and 

identified. 

Two of the comnonest codes are illustrated below, the ISO (International 

Standards Organisation) Code and the EIA (Electronic Industries 

Association) Code of the USA. British Standard 3635, Codes for Punched 

Tape for Numerically Controlled Machine Tbols is based on the ISO 

recommendations. 

• • • • •• ... 
• •• • • ••• •••• •• ••• • •• • • •• •• •••••• •• • • •••••• ••• • •• •• • ••• •••• • ••• • • •• • • • • • 

• •• • • •• • ••• • ••• • ••••• • ••• • • • • •• • • ••• •• •• • ••• • ••• •• • ••• •••• • •• • •••••• •• •• •• ••• • •••• • •••••••• • • •••• 
• 

t 
@ 

EIA CHARACTER 
o 
I 
2 
3 .. 
5 
6 
7 
8 
9 
A 
8 
C 
o 
E 
F 
C 
H 
I 

':1 
]( 

I. 
M 
N 
o 
p 
o 
R 
s 
r 
u 
V 
w 
X 
y 
Z 
• (FUI.L STOP) 
, (COMMA) 
/ 
+ 

DELETE 
END OF BI.OCK 
END OF RECORD 
TAPE FEED . 

•• • • ••• • • •••• ••••• • •• •• •• •• • •• • •• • •• • ••• • •••• •••• • ••••• • • •• • • ••• 

• • • • •• 
•• • •• •• • •• • •••• • •• •• • • • •• ••• • •••• •• • •• • •••• • •••• • ••••• • • 
• • • • • • • ••• • •• • • •• • • ••• • •• ••• • ••• •• • • ••• • • ••••••• • •• • • • •• • • • •• • •• • • •• • •• • ••• • • • •• • • •••• • ·0 •.• • ••• • • •••• • • • •••• •• ••• ••••• 

• 

CODE No. ISO CHARAC':'ER 
46 0 
49 I 
SO 2 
51 3 
S2 4 
53 5 
54 6 
55 7 
56 8 
57 9 
61 = 
65 A 
66 B 
67 C 
66 0 
69 E 
70 F 
71 C 
72 H 
73 I 
74 :r 
75 K 
76 I. 
77 M 
78 N 
79 0 
eo P 
81 0 
82 R 
83 S 
84 r 
es U 
e6 v 
87 W 
88 X 
89 Y 

90 Z 
127 DEI.ETE (IGNOREO) 

8 BACK SPACE 
9 HOlmONTAI.. TAS (SEPARATES ""'0 1;'0 S) 

10 I.INE FEEO(ENO OF BI..OCK MAIlKER) 
13 C""""'IAGE RETURN (IGNOREO) 
32 SPACE 
36 $ 
40 ( 
41 ) 
42 e. 
43 + 
44 

45 
46 
47 / (OPTIONAl.. al.OCK SKIP) 
37 % (START OF PROGRAM) 
58 : (AI..IGNMENT. OR REWINO STOP) 
o NUI..L (NOR M AI.. I..Y IGNOREO) 

Cedes fo·r 8-holo. 1-ln. wida punchod paper tap •• _hO\NinO (a) th. lIandard EIA COdo and (b) tho ISO code 
I,... !"'o ISO ccc!c. lhe funC!lons ,peclflc to numerical conuol are v.\'t'n In br.lc"'ea 
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GIaSSARY OF TERMS 

A 

A AXIS - '!he axis of rotary notion of a machine tool member or slide about 

the X axis. 

ABSOU1.l'B AalJRACY - Accuracy as measured fran a reference which must be 

specified. 

ABSOU1l'E DIMmSICB - A dimension expressed with respect to the initial zero 

point of a co-ordinate axis. 

ABSOU1l'E POINT (Robots) - Equivalent to absolute co-ordinates in NC machines. 

The co-ordinates of a data point are defined in relation to an absolute zero. 

ABSOU1l'E PROGRAMMING Programming using words indicating absolute 

dimensions. 

ABSOU1.l'B REAIXXJT - A display of the true slide position as derived from the 

position oammands within the control system. 

ABSOU1l'E SYS'J.'Bt - NC system in which all positional dimensions, roth input 

and feedback, are measured from a fixed point of origin. 

ACCANJ::B:: - (Acceleration and deceleration) Acceleration and deceleration in 

feedrate: it provides smooth starts and stops when operating under NC and when 

changing fran one feedrate value to another. 

ACCEPTANCE TEST - A series of tests which evaluate the performance and 

capabilities of roth software and hardware. 

ACCESS TIME - The time interval between the instant at which information is: 

1. called for fran storage and the instant at which deli very is completed, 

i.e., the read time. 2. Ready for storage and the instant at which storage is 

completed, i.e., the write time. 

ACClKJIATOR - A part of the logical-arithmetic unit of a CXJmputer. It may be 

used for intermediate storage to form algerbraic sums, or for other 

intermediate operations. 

AalJRACY - 1. Measured by the difference between the actual position of the 

machine slide and the position demanded. 2. Conformity of an indicated value 

of a true value, i. e., an actual or an accepted standard value. '!he accuracy 

of a control system is expressed as the deviation or difference between the 

ultimately controlled variable and its ideal value, usually in the steady state 

or at sampled instants. 

ACTIVE S'lORN:;E - That part of the control logic which holds the information 

while it is being transformed into notion. 

ADAPTIVE CONTROL - A technique of automatically adjusting feeds and/or speeds 

to an optimum by sensing cutting conditions and acting upon them. 

ADDRESS - A character or group of characters at the beginning of a word what 

identifies the data of allowing in the word. 

ADDRESS BLOCK FORMAT - A block format in which each word contains an address. 
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AImL - (Algori thInic Language) Language used to develop oomputer progranrnes 

by algorithm. 

AIroRI'lHM - A rule or procedure for solving a mathematical problem that 

frequently involves repetition of an operation. 

ALPHANUMERIC OR ALPHAMERIC - A system in which the characters used are 

letters A through Z, and numerals 0 to 9. 

ALPHANUMERIC DISPIAY - Equi};Jllent, such as a eRr, which is capable of 

displaying only letters, digits and special characters. 

AMPLIFIER - A signal gain device whose output is a function of its input. 

AMPLI'1UDE - Term used to describe the magnitude of a simple wave or simple 

part of a complex. The largest or crest value measured from zero. 

ANALOG - In NC the term applies to a system which utilizes electrical voltage 

magnitudes or ratios to represent physical axis positions. 

ANALOG DATA - The information oontent of an analog signal as oonveyed by the 

value of magnitude of some characteristics of the signal such as the amplitude, 

phase, or frequency of a voltage, the amplitude or duration of a pulse, the 

angular position of a shaft, or the pressure of a fluid. 

ANALOG-'IO-DIGITAL (AID) ~ - A device that changes physical rrotion or 

electrical voltage into digital factors. 

ANALOG SIGNALS - Physical variables (e .g ., distance, rotation) represented by 

electrical signals. 

AND - A logical operator which has the property such that if x and Yare two 

logic variables, then the function IX and y' is defined by the following table: 

x y X AND Y 

0 0 0 

0 I 0 

1 0 0 

I 1 1 

The AND operator is usually represented in electrical rotation by a centred dot 

, • " and in FORTRAN prograrrming notation by an asterisk '*' within a Boolean 

expression. 

AND-GATE - A signal circuit with two or rrore inputs. The output produces a 

signal only if all inputs received coincident signals. 

APT (Automatically Programmed Tbols) A universal computer-assisted 

programme system for multi-axis contouring programming. APT III - Provides for 

five axes of machine tool motion. 

APPLICATIQI p~ - Computer programmes designed and written to value a 

specific problem. 
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ARC CLOCKWISE - An arc generated by the co-ordinated !lOtion of two axes in 

which curvature of the path of the tool wi th respect to the workpiece is 

clockwise, when viewing the plane of !lOtion from the positive direction of the 

perpendicular axis. 

ARC CDJN'l"ERCLOCKSE - (Substitute 'Counterclockwise' for 'Clockwise' in 'Arc 

Clockwise' definition.) 

ARlf1'11iC1'ORE - Operating characteristics of a control system, or control 

unit, or computer. 

ASCII - (American Standard Code for Information Interchange) A data 

transmission code which has been established as an American Standard by the 

American Standards Association. It is a code in which 7 bits are used to 

represent each character. Also USASCII.) 

ASSmmLY - '!he fitting together of a nunber of parts to create a complete 

unit. 

ASSmmLY ~ - The drawing of a nunber of parts which shows how they fit 

together to construct a complete unit. 

ASDDIRHDS TRANSMISSIal - '!he transmission of information in irregular 

sections, with the tUne interval of each transmission varying and each section 

being identified by a stop and stop signal. 

ASDDIRHDS - Without any regular tilne relationship. 

~ - A quality that is characteristic of a subject. 

Al11OtA1.'EI) ASSmmLY - The application of autanation to assembly. 

~al - '!he technique of making a process or system autanatic. 

Autanatically controlled- -- operation of an apparatus, process, or system, 

especially by electronic devices. In present day terminology, usually used in 

relation to a system whereby the electronic device controlling an apparatus or 

process also is interfaced to and oammuncates with a computer. 

AUXILIARY FONCTI<B - A function of a machine other than the control of the 

co-ordinates of a workpiece or cutter - usually on-off type operations. 

AXIS - 1. A principle direction along which a !lOvement of the tool or 

workpiece occurs. 2. One of the reference lines of a co-ordinate system. 

AXIS (Rlbots) - A moving element of a robot or manipulator. 

AXIS INHIBIT - Prevents !lOvement of the selected slides with the power on. 

AXIS ~ - '!he capability of inputting the information concerning one 

axis into the storage of another axis. 

AXIS INVER;I<B - The reversal of normal plus and minus values along an axis 

which makes possible the machining of a left-handed part from right-handed 

programming or vice-versa. Same as mirror image. 

B 

B AXIS - the axis of rotary !lOtion of a machine tool member or slide about 

the Y axis. 
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BAClCGRXJND - In computing the execution of low priority work when higher 

priority work is not using the computer. 

BAClCGRXJND PKlCESSlK; - The autanatic execution of computer programmes in 

background. 

BACKIASH A relati ve rrovement between interacting mechanical parts, 

resulting from looseness. 

BAND - The range of frequencies between two defined lilnits. 

BASE - A number base. A Q.lantity used ilnplicitly to define sane system of 

representing numbers by positional notation. Radix. 

~ - A number of items being dealt with as a group. 

~ PAOCESSlK; - A manufacturing operation in which a specified quantity of 

material is subject to a series of treatment steps. Also, a rrode of computer 

operations in which each programme is completed before the next is started. 

BADD - A unit of signalling speed equal the number of discrete a:mditions or 

signal events per second: I bit per second in a train of binary signals, and 3 

bits per second in an octal train of signals. 

BEHIND '!HE TAPE READER - A means of inputting data directly into a macine 

tool control unit from an external source connected behind the tape reader. 

BENCHMARK - A standard example against which measurements may be made. 

BINARY - A numbering system based on 2. Q1ly the digits 0 and I are used 

when written. 

BINARY CIRCUIT - A circuit which operates in the manner of a switch, that is, 

it is either 'on' or 'off'. 

--BINAR¥OODEDIBnMAI.(BCD)- A number cede in which i-ndividualdecimal- digi-ts 

are each represented by a group of binary digits: in the 8-4-2-1 BCD notation, 

each decimal digit is represented by a four-place binary number, weighted in 

sequence as 8, 4, 2 and 1. 

BINARY DIGIT (BIT) - A character used to represent one of the two digits in 

the binary number system, and the basic unit of information or data storage in 

a two-state device. 

BILL OF MATERIAIS - A listing of all the parts that constitute an assembled 

product. 

BLOCK - A set of words, characters, digits, or other elements handled as a 

unit. On a punched tape, it consists of one or rrore characters or rows across 

the tape that collectively provide enough information for an operation. A 

'word' or group of words considered as a unit separated fran other such units 

by an 'end of block' character (EOB). 

BLOCK IELETE - Penni ts selected blocks of tape to be ignored by the control 

system at discretion of the operator with pennission of the programmer. 

BLOCK DU!GRM - A chart setting forth the particular sequence of operations 

to be performed for handling a particular application. 
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BLOCK ~ - The arrangement of the words, characters and data in a block. 

OODE Dvawt - A plot of log amplitude ratio and phase angle as functions of 

log frequency, representing a transfer function. 

BOOLEAN ALGEBRA - An algebra named for George Boole. This algebra is similar 

in form to ordinary algebra, but with classes, propositions, yes/no criteria, 

etc., for variables rather than numeric quantities, it includes the operator's 

AND, OR, l\DT, EXCEPT, IF mEN. 

BOOISl"RAP - A short sequence of instructions, which when entered into the 

computer's programmable memory will operate a device to load the programmable 

memory with a larger, more sophisticated programme - usually a loader 

prograrrme. 

BUFFER snaRAGE - 1. A place for storing information in a control for 

anticipated transference to active storage. It enables control system to act 

immediately on stored information without waiting on tape reader. 2. A 

register used for intermediate storage for information in the transfer sequence 

between the computer's accumulators and a peripheral device. 

BOLK MEX>RY - A high capacity auxiliary data storage device such as a disc or 

drum. 

ax; - An error or mistake. 

BUS - A conductor used for transmitting signals or power between elements. 

BY'l'E - A sequence of adjacent bits, usually less that a word,' operated on as 

a unit. 

c 
. ----C-AXIS - The--axis of rotary-motion of a machine toormember or slide-about 

the z axis. 

CALIBRATIai - Adjustment of a device, such that the output is within a 

specified tolerance for particular values of the input. 

CANCEL - A corrmand which will discontinue any canned cycles or sequence. 

carmands. 

CANNED CYCLE - A preset sequence of events initiated by a single NC conmand, 

e.g., G84 for NC tap cycle. Also fixed cycle. 

~~ PORM - A standard numerical representation of data. 

CARD p(JtQf - ~vice for punching holes in a card in accordance wi th a 

standard code. 

CARD READER - Equipment for sensing and transmitting recorded instructions 

f~ a pattern of holes on a punched card. 

CARD '10 TAPE ~ - A device which converts information directly fran 

punched cards to punched or magnetic tape. 

CARTESIAN COHORD~ - Means whereby the position of a point can be defined 

with reference to a set of axes at right angles to each other. 
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CAnIODE RAY 'lUBE (CRl') - A display device in which controlled electron beams 

are USed to present alphanumeric or graphical data on a luminescent screen. 

CENI'RAL PROCESSIN:; UNIT (CPU) - The portion of a canputer system consisting 

of the arithmetic and control units and the working memory. 

CHAD - Pieces of material removed in card or tape punching operation. 

CHAD DETECTOR - A circuit built into a numerical control system to check for 

Chcd. in the holes of punchoo tape. 

CHANNEL - A communication path. 

0fARACTER - Che of a set of symbols. The general term to inclooe all symbols 

such as alphabetic letters, numerals, punctuation marks, mathematic operators, 

etc. Also, the coded representation of such symbols. 

CHIP - A single piece of silicon which has been cut fram a slice by scribing 

and breaking. It can contain one or more circuits but is packaged as a unit. 

CIRCULAR INI'ERPOIATIW - 1. Capability of generating up to 90 degrees of arc 

using one block of information as defined by EIA. 2. A rn:xje of contouring 

control which uses the information contained in a single block to proouce an 

arc of a circle. 

CLIWrA - CUtter location data. 

CLEAR - 'Ib erase the contents of a storage device by replacing the contents 

with blanks or zeros. 

CLEARANCE DISTANCE - The distance between the tool and the workpiece when the 

change is made fram rapid approach to feed movement to avoid tool breakage. 

CLFlLE - Cutter location file (see CLffiTA). 

CUXl< ":A-device-whicn generates perlooic-synchrcmizatiol1-sigrla:ts-; 

CLOSED LOOP - A signal path in which outputs are foo back for comparison with 

desired values to regulate system behaviour. 

CNC - Computer (Canputerized) Numerical Control - A numerical control system 

wherein a dedicatoo, stored programme computer is used to perform same or all 

of the basic numerical control functions. 

COMMAND - An operative order which initiates a movement or a function. 

COMPATIBILITY - The interchangeability of items. 

COMPILER - A programme which translates fram high-level problem-orientoo 

computer languages to machine-oriented instructions. 

OOMPONENT - Che of the parts of which an entity is canposed. 

<DfPUTER - A device capable of accepting information in the foon of signals 

or s~nbols, perfooning prescribed operations on the information, and providing 

results as outputs. 

cn4PUTER AIDED EHiINEERING (CAE) - The use of canputing facilities in the 

integration of all aspects of design and manufacture to create an integrated 

engineering facility. 
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CD4PUTER AIDED DESIGN (CAD) - A process which uses a computer in the- creation 

or modification of a design. 

CDnUl'ER AIDED MANUFAClURE (CAM) - A process which uses a computer in the 

management, control or operation of a manufacturing facility. 

<nnurER AIDED DESIGVCDnUl'ER AIDED MANUFAClURE (CAOCAM) - The integration 

of computer aided design with computer aided manufacture. 

CDnUl'ER PARI' ~ - The preparation of a part progranme to obtain a 

machine programme using a computer and appropriate processor and part 

processor. 

<X»1FIGURATIOO - The manner in which items are arranged. 

cnll'INUcrJS PATH OPERATIOO - An operation in which rate and direction of 

relati ve IIlOIlement of machine members is under continuous numerical control. 

There is no pause for data reading. 

~ - An operation in which simultaneous control of rrore than one axis 

is accomplished. 

axr<XJRIr.c <DlI'R)L SYSTF.H - An NC system for controlling a machine (milling, 

drafting, etc.) in a path resulting from the co-ordinated, simultaneous rrotion 

of 2 or more axes. 

<DlI'R)LLED PATH (Itix>ts) - The straight line rrotion of a defined offset tool 

point between prograrrmed points. All robot axes are interpolated through the 

programmed span. 

<DlI'R)L ~E - A tape on which a machine prograrrme is recorded. 

OOHORDINATE DIMENSI~ - A system of dimensioning based on a common 

starting point. 

OOHORDINATE DIMENSI~ K>RD - 1. A word in a block of machining information 

that provides instruction for one of the machine's axes. 2. A word defining an 

absolute dimension. 

OORE MFX>RY - A high speed random access data storage device utilizing arrays 

of magnetic ferrite cores, usually employed as a working computer memory. 

OORE RESIDENl' - Pivotal prograrrmes permanently stored in core memory for 

frequent execution. 

COUNTER - A device or merrory location whose value or contents can be 

incremented or decremented in response to an input signal. 

ClJRSOR - Visual movable pointer used on a CRT by an operator to indicate 

where corrections or additions are to be made. 

CUTl'ER DIAMETER <Dn>msATIOO - A system in which the programmed path may be 

altered to allow for the difference between actual and progranmed cutter 

diameters. 

aJTTER OFFSET - 1. The distance from the part surface to the axial centre of 

a cutter. 2. An NC feature which allows an operator to use an oversized or 

undersized cutter. 
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CU1~ER p~ - The path described by the centre of a cutter. 

CYCLE - 1. A sequence of operations that is repeated regularly. 2. '!he time 

it takes for one such sequence to occur. 

CYCLE TIME - '!he period required for a complete action. In particular, the 

interval required for a read and a write operation in working memory, usually 

taken as a measure of computer speed. 

C!CLDG <Dn"R)L - A fundamental level machine control which prograrrmes the 

machine through dial or plugboard input. 

D 

DAMPING - A characteristic built into electrical circuits and mechanical 

systems to prevent rapid or excessive corrections which might lead to 

instability or oscillatory conditions. 

DATA - Facts or information prepared for processing by, or issued by, a 

corrputer. 

DATA BASE - Comprehensi ve files of information having a specific structure 

such that they are suitable for communication, interpretation and processing by 

both human and autanatic means. 

DATA POIN'r - A programmed point which contains tool plant co-ordinate data 

and functional information. 

DEAD BAND - The range through which an input can be varied without initiating 

response, usually expressed in percent of span. 

DEAD TIME - '!he interval between initiation of a stimulus change and the 

start of the resulting response. 
------

DEAD ZCIft: - A range of inputs for Wfiicl1- no mange- in output--~curs-.---

DEB(x; - To detect, locate, and renove mistakes fran computer software or 

hardware. 

~ - A group of assembly of ten units. 

~ SWl'l'CHING - Use of a series of switches each with ten positions with 

values of 0 to 9, in which adjacent switches have a ratio of value of 10:1. 

DBCIMAL CODE - A code in which each allowable position has one of 10 possible 

states. (The conventional decimal number system is a decimal code.) 

DBOODER - A circuit arrangement which receives and converts digital 

information fran one form to another. 

DBDI~ - Devoted to a particular function or purpose. 

DlNIAT.[OO - '!he error or difference between the instantaneous value of the 

controlled variable and the setpoint. 

DlXHBrIC R:XJTINE - A prograrrme which locates malfunctions in hardware or 

software. 

DIGrEAL - Representation of data in discrete or numerical form. 

DIGrEAL aJnU.l'ER - A computer that operates on symbols representing data, by 

performing arithmetic and logic operations. 
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DIGITAL-'IO-ANAIOO (D-A) OEVERSIOO - Production of an analog signal, whose 

instantaneous magnitude is proportional to the value of a digital input. 

DIGITIZE - 'Ib obtain the digital representation of a measured quantity or 

continuous signal. 

DIRBCnDR - A term used to designate an NC control unit. 

DESCRETE - State of being separate or distinct, as opposed to a continuously 

varying state or condition. 

DISCRETE ~ CIRCUIT An electrical circuit, implemented with 

individual transistors, resistors, diodes, capacitors, or other oamponents. 

DISK - A device on which information is stored. 

DISK MfHlRY - A non-programmable, bulk storage, randan access memory 

consisting of a magnetizable coating on one or roth sides of a rotating thin 

circular plate. 

DISPLAY - Lights, annunciators, numerical indicators, or other operator 

output devices at consoles or remote stations. 

DIST.RIBl11'ED <nnUl'ER NE'l1I)RI{ A collection of computers which can 

communicate with each other. 

DIST.RIBl11'ED PROCESSING - The processing of information on a distributed 

computer network in such a manner as to improve the overall efficiency of the 

task. 

DrTRER - An electrical oscillat?ry signal of low amplitude and of a 

predetermined frequency imparted to a servo valve to keep the spool fran 

sticking. 

IH: (Direct Numerical Control) Nunerical control of machining or 

processing by a computer. 

~OO - The group of techniques necessarily used to organize, 

present, and communicate recorded specialized knowledge. 

DOUBLE PRBCISIOO - The use of two computer words to represent a number. 

DOWNTIME - The interval during which a device is inoperative. 

DRIFT - An undesired change in output over a period of time, which is 

unrelated to input, operating conditions, or load. 

DRIVER - A programme or routine that controls external peripheral devices or 

executes other programmes. 

DUMP - To copy the present contents of a memory onto a printout or auxiliary 

storage. 

I:IiEIL - A timed delay of programmed or established duration, not cyclic or 

sequential, i.e., not an interlock or hold. 

DYNAMIC GAIN - The magnitude ratio of a steady state output to a sinusoidal 

input signal. 

E 

EBCDIC - Extended binary coded decimal interchange code. 
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EDIT - To modify a programme, or alter stored data prior to output. 

EDrDDR - A computer programme which provides the ability to edit. 

EIA ~ CODE - Anyone of the Electronics Industries Association 

standard codes for positioning, straight-cut, and contouring control systems. 

~c IN'IERFERm«:E (FJtI) - Unwanted electrical energy or noise 

induced in the circuits of a device, due to the presence of electranagnetic 

fields. 

EKJLAroR - A device or prograrrme which behaves like another system, and 

produces identical results. 

ENOODER - An electromechanical transducer which produces a serial or parallel 

digital indication of mechanical angle or displacement. 

EM) EFFIOCTOR (Robots) - The general term used to describe a gripper or other 

tool used on a robot. 

EM) OF BLOCK (]JARAC'1ER - 1. A character indicating the end of a block of tape 

information. Used to stop the tape reader after a block has been read. 2. The 

typewriter function of the carriage return when preparing machine control 

tapes. 

EM) OF P.RX;lW91E - A miscellaneous function (m02) indicating oompletion of a 

workpiece. (Stops spindle, coolant and feed after completion of all oarnmands 

in the block. Used to reset control and/or machine.) 

EM) OF TAPE - A miscellaneous funCtion (m30) which stops spindle, coolant and 

feed after cOI'r1J?letion of all corrmands in the block. (Used to reset control 

and/or machine.) 
----- ---~----

EM) POINT - An extremity- ofa-span.--- - ----- ------~ 

ERmR - The difference between the indicated and desired values of a measured 

signal. 

ERmR DEI'ECrIl'iC - A data code in which each acceptable term conforms to 

certain rules, such that if transmission or processing errors occur, false 

results can be detected. 

ERmR SIGNAL - Difference between the output and input signals in a servo 

system. 

EXCUJSIVE OR - A logical operator, which has the property such that if X and 

Yare two logic variables, then the function is defined by the following table: 

X 

o 
o 
1 

1 

y 

0 

1 

0 

1 

Function 

0 

1 

1 

0 

The logical operator is usually represented in electrical notation by an 

encircled plus sign '+'. There is no equivalent FORTRAN symbol. 

EXmJ'I'E - To carry out an instruction or to run a programme. 
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EXECDTIVE - Software which controls the execution of programmes in the 

computer, based on established priorities and real-time or demand requirements. 

EX'l'IRJEDARI'lBMETIC ~ - A CPU logic element, which provides hardware 

irrplemented multiply, divide, and oormalize functions. 
p 

FEEDBACK - The signal or data fed back to a oammanding unit from a controlled 

machine or process to denote its response to the oammand signal. '!he signal 

representing the difference between actual response and desired response that 

is used by the oammanding unit to hnprove performance of the controlled machine 

or process. 

FEEmACK <mTRX. - Action in which a measured variable is compared to its 

desired value, with a function of the resulting error signal used as a 

corrective oammand. 

FEEmACK DEVICE - An element of a control system which converts linear or 

rotary rootion to an electrical signal for canparison to the input signal.· 

E.g., resolver, encoder, inductosyn. 

FEEDBACK IOOP - A closed signal path, in which outputs are compared with 

desired values to obtain corrective commands. 

FEEIJW:I{ RES)LU'I'I~ - '!he smallest increment of dimension that the feedback 

device can distinguish and reproduce as an electrical output. 

FEEIEACK SI~ - The measurement signal indicating the value of a directly 

controlled variable, which is compared with a setpoint to generate a correction 

carmand. 

FEED m«;AGE POINT - The point where the notion of the Z axis changes fran 

rapid traverse to a programmed feed (usually referred to as the 'R' dimension). 

FEEDF'ORNARD (ANTICIPATORY) <mTRX. - Action in which information concerning 

upstream conditions is converted into corrective commands to minimize the 

effect of the disturbances. 

FEED FmC'l'I~ - The relative rootion between the tool or instrument and the 

work due to rootion of the programmed axis or axes. 

~ BY-PASS - A function directing the control system to ignore 

programmed feedrate and substitute selected operational rate. 

FEEDRATE NOMBER - A coded number read fran the tape which described the 

feedrate function. Usually denoted as the IF' word. 

FEEDRATE CNERRIDE - A variable manual control function directing the control 

system to reduce or increase the programmed feedrate. 

PINAL CQll'H)L ~ - A valve, rootor, or other device which directly 

changes the value of the manipulated variable. 

~ - Programmes or instructions stored in read only memories. 
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FIRST GENERATIrn - 1. In the NC industry, the period of technology associated 

wi th vacuum tubes and stepping switches. 2. '!he period of technology in 

computer design utilizing vacuum tubes, electronics, off-line storage on drum 

or disc, and programming in machine language. 

FIXED BLOCK FORMAT - A format in which the number and sequence of words 

and characters appearing in successive blocks is constant. 

FIXED HFAOO - Rigidly nounted reading and writing transducers on bulk memory 

devices. 

FIXED S~ FORMAT - A means of identifying a word by its location in a 

block of information. Vbrds must be presented in a specific order and all 

possible words preceding the last desired word must be present in the block. 

FLIP FIDP - A bi -stable device. A device capable of assuming two stable 

states. A bi-stable device which may assume a given stable state depending 

upon the pulse history of one or nore input points and having one or rrore 

output points. The device is capable of storing a bit of information; 

controlling gates; etc. A toggle. 

FIDPPY DISK - A flexible disk used for storing information. 

FUM 0fARr - A graphical representation of a problem or system in which 

interconnected symbols are used to represent operations, data, flow, and 

equipnent. 

FLUIDICS - The technique of control that uses only a fluid as the controlling 

medium. All control is performed without rroving elements. 

FORmRXJND PKlCESSIR; - Execution of real-time or high priority programmes, 

which can pre empt the use of eomputing facilities. 

FORMAT - The arrangement of data. 

FORMAT CLASSIFI~rn - A means, usually in an abbreviated notation, by which 

the notions, dimensional data, type of control system, number of digits, 

auxiliary functions, etc. for a particular system can be denoted. 

~ ~ - Describes specifically which words of what length are used by 

a specific system in the format classification. 

FORrRAN - Acronym for Formula Translator, an algebraic procedure oriented 

computer language designed to solve arithmetic and logic programmes. 

FaJRm GENERATIrn - In the NC industry, the change in technology of control 

logic to include computer architecture. 

FREQUENCY RESPONSE ANALYSIS - A method of analyzing systems based on 

introducing cyclic inputs and measuring the reSUlting output at various 

frequencies. 

FREQUENCY RESPONSE OfARACTERISTIC - The amplitude and phase relation between 

steady state sinusoidal inputs and the resulting sinusoidal outputs. 

FULL IXJPLEX. - Allows the simultaneous transmission of information in roth 

directions. 
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FUlL PR>FORl'Iaw:. SElM) - A system with canplete proportionality between 

output and input. 

FULL RAt«Z FI.OM'DG ZER> - A characteristic of a numerical machine tool 

control permitting the zero point on an axis to be shifted readily aver a 

specified range. The control retains information on the location of 

I permanent I zero. 

G 

G <DDE - A word addressed by the letter G and followed by a numerical rode 

defining preparatory functions or cycle types in a numerical rontrol system. 

GIUN - The ratio of the magnitude of the output of a system with respect to 

that of the input (the conditions of operation and measurements must be 

spec if ied, e.g., voltage, current or power). 

GM'E - A device which blocks or passes a signal depending on the presence or 

absence of specified input signals. 

GNXZ HEIGIfl' - A predetermined partial retraction point along the Z axis to 

which the cutter retreats fram tUne to tUne to allow safe X-y table travel. 

GmERAL PURPa)E a:MPm'ER - A canputer designed and capable of carrying out a 

wide range of tasks. 

A canputer progranme which carries out 

computations on the part programme and prepares the author location data for a 

particular part without reference to machines on which it might be made. 

GRAPHICS - The use of a canputer to interactively create a drawing displayed 

on a terminal. 

GRAY <DDE - A binary code, in which successive values differ in one place 

only. 

GROUP ~ - The grouping of machines and of parts based on 

sUnilarities in production requirements such that the parts may be produced 

more efficiently. 

H 

HALF DUPLEX - Allows the transmission of information one way at a tUne. 

HARD OOPY - Any form of canputer produced printed document. Also, sometUnes 

punched cards or paper tape. 

BA'lUiARE - Physical equipment. 

HEAD - A device, usually a small electromagnet on a storage medium such as 

magnetic tape or a magnetic drum, that reads, records, or erases information on 

that medium. The block assembly and perforating or reading fingers used for 

punching or reading holes in paper tape. 

FDU.ERrl'H - A 12 bit code used for recording characters in punched paper 

cards. 

HOUSEKEEPING - The general organisation of programmes stored to ensure 

efficient system response. 
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HYSTERESIS - The difference between the response of a system to increasing 

and decreasing signals. 

I 

IEEE - Institute of Electrical and Electronic Engineers. 

IC - Integrated circuit. 

~ DIMENSI~ - A dimension expressed with respect to the preceding 

point in a sequence of points. 

~ FEED - A manual or automatic input of preset motion command for a 

machine axis. 

~ PROGRAMMING - Programming using words indicating incremental 

dimensions. 

~ SYS'I'EJIt - Control system in which each co-ordinate or positional 

dimension is taken from the last position. 

~ - Movement of one axis at a time to a precise point from numeric 

commands. 

INrfJC'.lOOYN SCALE - A precision data element for the accurate measurement and 

control of angles or linear distances, utilizing the inductive coupling between 

conductors separated by a small air gap. 

INHIBIT - Tb prevent 'an action or acceptance of data by applying an 

appropriate signal to the appropriate input. 

INITI{\LIZE - To cause a programme or hardware circuit to return a programme, 

a system, or a hardware device to an original state or to selected points with 

a computer programme. 

~rr - A dependent variable applied to a control unit or system. 

INPUT RESOLUTI~ - The smallest increment of dimension that can be programmed 

as input to the system. 

INSTABILITY - The state of property of a system where there is an output for 

which there is not corresponding input. 

INSTRDCTI~ - A statement that specifies an operation and the values or 

locations of its operands. 

INSTRUCTI~ SE:!' - The list of machine language instructions which a computer 

can perform. 

INTmRATED CIRCUIT (IC) - A combination of interconnected passive and active 

circuit elements incorporated on a continuous substrate. 

:rN'I'mRA'IDR - A device which integrates an input signal, usually with respect 

to time. 

INTELLIGENT TERMINAL - A terminal which has its own local processing power. 

INTERACTIVE GRAPHICS - Ability to carry out graphics tasks with immediate 

response from the computer. 
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INTERFACE - 1. A hardware component or circuit for linking two pieces of 

electrical equipnent having separate functions. E.g., tape reader to data 

processor or control system to machine. 2. A hardware component or circuit for 

linking the computer to external I/O device. 

IN'l'ERFERJEl'E - An instrument that uses light interference phenanena for 

detennination of wavelength, spectral fine structure, indices of refraction, 

and very small linear displacements. 

IN'.l'ERLOCK - To arrange the control of machines or devices so that their 

operation is interdependent in order to assure their proper co-ordination. 

IN'.l'ERLOCK BY-PASS - A carmand to temporarily circumvent a nonnally provided 

interlock. 

INTERPOIATI<B - 1. '!he insertion of intermediate infonnation based on assumed 

order or computation. 2. A function of a control whereby data points are 

generated between given co-ordinate positions to allow simultaneous movement of 

two or more axes of motion in a defined geanetric pattern. E.g., linear, 

circular and parabolic. 

IN'l'ERPOJ.A1.t - A device which is part of a numerical control system and 

perfonns interpolation. 

INTERRUPT - A break in the execution of a sequential programme or routine, to 

pennit processing of high priority data. 

I/O - (Input/Clltput) Input or output or roth. 

ITERATI<B - A set of repetitive computations, in which. the output of each 

step is the input to the next step. 

J 

JCL - Job control progranme. 

JOO - An amount of work to be completed. 

JOO - A control function which provides for the rranentary operation of a 

drive for the purpose of accomplishing a small movement of the driven machine. 

Ie 

KEYBOARD - '!he keys of a teletype-writer which have the capability of 

transmitting infonnation to a computer but not receiving infonnation. 

L 

lAG - Delay caused by conditions such as capacitance, inertia, resistance or 

dead time. 

LANGUAGE - A set of representations and rules used to convey infonnation. 

IAYa1l' - A visual representation of a complete physical entity usually to 

scale. 

LE.VEL - 1. Formerly a channel of punched tape. 2. '!he average amplitude of a 

variable quantity applying particularly to sound or electronic signals 

expressed in decibels, volts, amperes, or watts. 3. '!he degree of 

surordination in a hierarchy. 
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LIGHT PEN - A photo sensing device similar to an ordinary fountain pen which 

is used to instruct CRT displays by means of light sensing optics. 

LINFAR IN1'ERPOIATIoo - A function of a control whereby data points are 

generated between given oo-ordinate positions to allow simultaneous movement of 

two or more axes of motion in a linear (straight line) path. 

LINE PRINTER - A printing device that can print an entire line of characters 

all at once. 

I.INKH;E - A means of corrmunicating information from one routine to another. 

LOCKCXJT SWITCH - A switch provided with a memory, which protects the oontents 

of designated segments from alteration. 

LOG - A detailed record of actions for a period of time. 

LOG OFF - The completion of a terminal session. 

LOG 00 - The beginning of a terminal session. 

LOGIC - 1. Electronic devices used to govern a particular sequence of 

operations in a given system. 2. Interrelation or sequence of facts or events 

when seen as inevitable or predictable. 

LOGIC LEVEL '!he voltage magnitude associated with signal pulses 

representing ONES and ZEROS in binary oomputation. 

IOOP TAPE - A short piece of tape, containing a complete progranrne of 

operation, with the ends joined. 

LSI - Large Scale Integration - A large number of interconnected integrated 

circuits manufactured simultaneously on a single slice of semi-conductor 

material (usually over 100 gates or basic circuits, with at least 500 circuit 

elements) • 

M 

MACHINE LANGUAGE - A language written in a series of bits which are 

understandable by, and therefore instruct, a computer. '!he' first level' 

computer language, as compared to a 'second level' assembly language or a 

'third level' compiler language. 

MACHINE ~ - an ordered set of instructions in automatic control 

language and format recorded on appropriate input media and sufficiently 

complete to effect the direct operation of an automatic oontrol system. 

MACHINING CENTRE - A machine tool, usually numerically oontrolled, capable of 

automatically drilling, reaming, tapping, milling and boring multiple faces of 

a part and often equipped with a system for automatically changing cutting 

tools. 

~ - A source language instruction from which many machine language 

instructions can be generated (see compiler language). 

MAGmTIC CORE - An element for switching or storing information on magnetic 

memory elements for later use by a computer. 
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MN;NE'ITC CDRE S'lORAGE - The process of storing infonnation on magnet memory 

elements for later use by a computer. 

MN;NE'ITC DISK S'l'ORAGE - a storage device or system consisting of magnetically 

coated metal disks. 

MAIN FRAME - See central processing unit. 

MANUAL DATA INPUT (MOl) - A means of inserting data manually into the oontrol 

system. 

MANUAL ~ ~DE - Device enabling operator to reduce or increase the 

feedrate. 

MANUAL PARI' P~ - The manual preparation of a manuscript in machine 

control language and fonnat to define a sequence of oorrmands for use on an NC 

machine. 

MANUSCRIPl" - Form used by a part prograrmner for listing detailed manual or 

computer part prograrrming instructions. 

MEX>RY - A device or media used to store infonnation in a form that can be 

understood by the computer hardware. 

MEX>RY BUIK - Any non-programmable large mamory, i.e., drum, disk. 

MEX>RY CYCLE TIME - '!he minimum time between two successive data accesses 

fran a memory. 

MEX>RY PROTECT - A technique of protecting stored data fran alteration, using 

a guard bit to inhibit the execution of any modification instruction. 

MANN;FJmNT INFO~ON SERVICE (MIS)" - An infonnation feedback system fran 

the machine to management and implemented by a computer. 

MICROPRlCESSOR - A SIngle mtegrated circuit Which forms the basic element of 

a computer. 

MICROPROGRAMMING - A programming technique in which multiple instruction 

operations can be combined for greater speed and more efficient memory use. 

MICROSECOND - One millionth of a second. 

MILLISECOND - One thousandth of a second. 

MISCELIANEXXJS FUNCTION - An off-on function of a machine such as Clamp or 

Coolant on. (See Auxiliary Function.) 

MINJM:'N[C - An alphanumeric designation, designed to aid in remembering a 

memory location or oamputer operation. 

M:>DEII - A contraction of modulator demodulator. '!he term may be used with 

two different meanings: 1. 'Ihe modulator and the demodulator of a modem are 

associated at the same end of a circuit. 2. 'Ihe modulator and the demodulator 

of a modem are associated at the opposite ends of a circuit to form a channel. 

MOIXJLE - An independent unit which may be used on its own or in conjunction 

with other units to form a oamplete entity. 

~R - A device used for observing or testing the operations of a system. 
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MJ\7ABLE HFAOO - Reading and writing transducers on bulk rremory devices which 

can be positioned over the data locations. 

MSI - Medium Scale Integration. (See LSI.) Smaller than LSI, but having at 

least 12 gates or basic circuits with at least 100 circuit elements. 

MULTIPLEXER - A hardware device which handles multiple signals over a single 

channel. 

N 

NAND - A combination of the Boolean logic functions NOT and AND. 

NAND ~ - A component which hnplements the NAND function. 

NANOSECOND - One thousandth of one microsecond. 

NH;ATIVE LCGIC - IDgic in which the micro negative voltage represents the one 

(1) state; the less negative voltage represents the zero (0) state. 

NIXIE LIGHT OR TUBE - A glow lamp which converts a combination of electrical 

impulses into a visible number. 

tl)ISE - An extraneous signal in an electrical circuit capable of interfering 

with the desired signal. Loosely, any disturbance tending to interfere with 

the normal operation of a device or system. 

tl)R ~ - A component which implements the NOR function. 

!iDI' - a logic operator having property that if P is a logic quantity then 

quantity 'NOT p' assumes values as defined in the following table: 

P lID!' P 

o 1 

1 o 
The Nor operator is represeI1ted ill electrical notation by an oT.lerline, e.g. P 

and in FORTRAN by a minus sign '-' in a Boolean expression. 

NUMERICAL <XN.l'ROL (NC) - A technique of operating machine tools or similar 

equipment, in which motion is developed in response to numerically coded 

ccrrmands. 

NUMERICAL MTA - I::ata in which information is expressed by a set of numbers 

that can only assume discrete values. 

o 
~ PKX;RAMME - The coded output of an assembler or compiler. 

~ - A characteristic of a system in which there are eight elements, such 

as a numbering system with a radix of eight. 

OFF-LINE - Operating software or hardware not under the direct control of a 

central processor, or operations performed while a computer is not monitoring 

or controlling processes or equipment. 

OFFSET - The steady state deviation of the controlled variable from a fixed 

setpoint. 

OOo-LINE - A condition in which equipment or prograrrmes are under direct 

control of a central processor. 
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am - One of the two symbols nonnally employed in binary arithmetic and 

logic, indicating binary one and the true condition, respectively. 

OPEN LOOP - A signal path without feedback. 

OPEN LOOP SYSIBM - A control system that has no means of comparing the output 

with the input for control purposes (no feedback). 

O~ SYSTEM - Software which controls the execution of computer 

programmes and the movement of infonnation between peripheral devices. 

OPI'IMIZATIGI - A process whose object is to make one or more variables, 

assume in the best possible manner, the value best suited to the operation in 

hand dependent on the values of certain other variables which may be either 

predetermined or sensed during the operation. 

OPI'IMIZE - To establish control parameters which maximize or minimize the 

value of performance. 

OPrICHU. STOP - A Miscellaneous Function conmand similar to 'Program stop' 

except that the control ignores the command unless the operator has previously 

pushed a button to validate the ccmnand. (inOl). 

OR - A logic operator having the property that if P and 0 are logic 

quantities then the quantity 'p or 0' assumes values as defined by the 

following table: 

P Q PORQ 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

The OR operator is represented in roth electrical and FORI'RAN terminology by a 

, +', i.e., P + O. 

OR ~ - A device which ~lements the OR function. 

C1UENrATIGI (Rlbots) - The angular position of the wrist axes. 

OUTPUT - Dependent variable signal produced by a transmitter, control unit or 

other device. 

OUTPUT IMPEDANCE - The nnpedance presented by a device to the load. 

OUTPUT SIGNAL - A signal delivered by a device, element, or system. 

OVERLAY - A technique of repeatedly using the same area of computer store 

when actioning different stages of a problem. 

OVERSRX>T - The amount that a controlled variable exceeds its desired value 

after a change of input. 

P 

PARABOIA - A plane curve generated by a point moving so that its distance 

fram a fixed second point is equal to its distance fram a fixed line. 

PARABOLIC INTERPOIATIGI - Control of cutter path by interpolation between 

three (3) fixed points by assuming the intermediate points are on a parabola. 
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PARALLEL - The simultaneous transfer and processing of all bits in a unit of 

information. 

P~ - A characteristic of a system or device, the value of which serves 

to distinguish various specific states. 

PARrlY OIEXX - A test of whether the number of (NES or ZEROS in an array of 

binary digits is odd or even to detect errors in a group of bits. 

PART PROGRAMME - An ordered set of instructions in a language and in a format 

required to cause operations to be effected under automatic control, which is 

either written in the form of a machine programme on an input media or prepared 

as input data for processing in a computer to obtain a machine programme. 

PART PKlGRAMMER - A person who prepares the planned sequence of events for 

the operation of a numerically controlled machine tool. 

PASSiIlRD - A word the operator must supply in order to meet the security 

requirements and gain access to the computer. 

P~ - Temporary coding used to correct or alter a routine. 

PERIPHERAL - Auxiliary equipment used for entering data into or receiving 

data from a oamputer. 

PERIPHERAL EQUIBMENT - The auxiliary machines and storage devices which may 

be placed under control of the central computer and may be used on-line or 

off-line. E.g., card reader and punches, magnetic tape feeds, high speed 

printers, CRTs and magnetic drums or discs. 

PiCOSECOND - One millionth of one microsecond. 

PITCH (aix>ts) - A rotation of the payload or tool about a horizontal axis on 

the end of a robot arm which is perpendic1Il ar to the longitudinal axis of the 

arm. 

PLANNING SHEET - A list of operations for the manufacture of a part, prepared 

before the part programne. 

PUOrTER- A device used to make a drawing of a display. 

POINT-"lO-FOINT a.I'R)L SYS'1.Bt - An NC system which controls rrotion only to 

reach a given end point but exercises no path control during the transition 

from one end point to the next. 

POLAR AXES - The fixed lines from which the angles made by radius vectors are 

measured in a polar co-ordinates system. 

POLAR ~~ - A mathematical system for locating a point in a plane by 

the length of its radius vector and the angle this vector makes with a fixed 

line. 

POSITICfi SENSOR - A device for measuring a position, and converting this 

measurement into a form convenient for transmission. 

POSITICfi srnoRAGE - The storage media in an NC system containing the 

co-ordinate positions read from tape. 
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Pa)ITIOO RFAIXXJT - A display of absolute slide position as derived from a 

position feedback device (transducer usually) normally attached to the lead 

screw of the machine. (See Conmand Readout.) 

Pa)ITIVE rroIC - Logic in which the rrore positive voltage represents the one 

(1) state. 

Pa)T-PKlCESSOR - A computer programme which adapts the output of a processor 

into a machine programme for the production of a part on a particular 

combination of machine tool and controller. 

PRFX.:ISlOO - The degree of discrimination with which a quantity is stated, 

e.g., a three-digit numeral discriminates among 1000 possibilities. Precision 

is contrasted with accuracy, i.e., a quantity expressed with 10 decimal digits 

of precision may only have one digit of accuracy. 

PREPARATORY FUNCTIOO - An NC cormnand on the input tape changing the rrode of 

operation of the control. (Generally noted at the beginning of a block by lG' 

plus two digits.) 

PREPK:lCESSOR A canputer programme which prepares information for 

processing. 

~ MAINTENANCE - Maintenance specifically designed to identify 

potential faults before they occur. 

PRINTED ClRaJIT - A circuit for electronic components made by depositing 

conductive material in continuous paths from terminal to terminal on an 

insulating surface. 

PROCESSOR - A computer programme which processes information. 

PKJGRN9m - A plan for the solution of a problem. A complete progranme 

includes plans for the transcription of data, coding for the computer, and 

plans for the absorption of the results into the system. The list of coded 

instructions is called a routine. To plan a computation or process from the 

asking of a question to the delivery of the results, including the integration 

of the operation into an existing system. Thus, programming consists of 

planning and coding, including mnnerical analysis, systems analysis, 

specification of printing formats, and any other functions necessary to the 

integration of a computer in a system. 

PR:X.;RAMMABLE - Capable of being set to operate in a specified manner, or of 

accepting rerrote setpoint or other commands. 

PR:X;RAMMED ACCELERATIOO - A controlled velocity increase to the programmed 

feedrate of an NC machine. 

PROGRAMMED DWELL - The capability of commanding delays in programme execution 

for a programmable length of time. 
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PROGRAMME S'IOP A Miscellaneous Function (mOO) cornnand to stop the 

spindle coolant and feed after completion of the dimensional move commanded in 

the block. 'Ib continue wi th the remainder of the progranme, the operator 

must initiate a restart. 

PROrnOODL - Set of rules governing message exchange between two devices. 

PUNCHED CARD - A piece of lightweight cardboard on which information is 

represented by holes punched in specific positions. 

PUNCHED PAPER ~ - A strip of paper on which characters are represented by 

combinations of holes. 

PULSE - A short duration change in the level of a variable. 

o 
OOADRANT - Any of the four parts into which a plane is divided by rectangular 

co-ordinant axes lying in that plane. 

~ - Displaced 90 degrees in phase angle. 

R 

R DIMmSI~ - (See Feed Engage Point.) 

R.ANLOt ACCESS MJM:>RY (RAM) - A storage unit in which direct access is 

provided to information, independent of memory location. 

RASTER DISPIAY - A display in which the entire display surface is scanned at 

a constant refresh rate. 

RASTER SCAN - Line-by-line sweep across the entire display surface to 

generate elements of a display linage. 

READ - to acquire data fran a source. 'Ib copy, usually fran one fonn of 

storage to another, par ticaiariy from external or secondary storage to internal 

storage. 'Ib sense the meaning of arrangements of hardware. 'Ib sense the 

presence of information on a recording medium. 

READER - A device capable of sensing information stored in an off-line me:rrory 

media (cards, paper tape, magnetic tape) and generating equivalent information 

in an on-line memory device (register, memory locations). 

READ ~y MJM:>RY (ROM) - A storage device generally used for control 

progranme, whose content is not alterable by normal operating procedures. 

REAL TIME CLOCK - The circuitry which maintains time for use in progranme 

execution and event initiation. 

REAL TIME OPERATI~ - Computer :rronitoring, control or processing functions 

performed at a rate compatible with the operation of physical equipment or 

processes. 

REFERENCE BLOCK - A block within an NC programme identified by an '0' or 'HI 

in place of the word address 'N' and containing sufficient data to enable 

resumption of the programme following an interruption. (This block should be 

located at a convenient point in the programme which enables the operator to 

reset and resume operation.) 
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REFRESH - eRr display technology which requires oontinuous restroking of the 

display image. 

RELOCATABLE POINT/~ OF POINT (~ts) A point or sequence in a robot 

which can be relocated in space. 

REPAINT - Redraws a display on a CRI' to reflect its current status. 

REPEATABILI'lY - '!he closeness of agreement among rrultiple . :rreasurements of an 

output, for the same value of the measured signal under the same operating 

conditions, approaching from same direction, for full range traverses. 

REPKIDC'l"IBILI'lY - The closeness of agreement among repeated measurements of 

the output for the same value of input, made under the same operating 

conditions over a period of time, approaching from either direction. 

RESOLDTION - 1. The smallest distinguishable increment into which a signal or 

picture, etc. is divided in a device or system. 2. '!he minimum positioning 

motion which can be specified. 

RESOLVER - 1. A mechanical to electrical transducer (see Transducer) whose 

input is a vector quantity and whose outputs are components of the vector. 

2. A transformer whose ooupling may be varied by rotating one set of windings 

relati ve to another. It oonsists of a stator and rotor, each having two 

distributed windings 90 electrical degrees apart. 

RETmFIT - W:>rk done to an existing machine tool from simply adding special 

jigs or fixtures to the oomplete re-engineering and manufacturing, and often 

involving· the addition of a numerical oontrol system. 

R:B:7r - An automatic device which performs functions ordinarily ascribed to 

human beIngs. 

RX.L (~ts) - A rotation of the payload or tool about the longitudinal axis 

of the wrist. 

ROUTINE - A series of computer instructions which performs a specified task. 

RUN - The execution of a programme on a oomputer. 

S 

SMPLE AND OOLD - A circuit used to increase the interval during which a 

sampled signal is available, by maintaining an output equal to the most recent 

input sample. 

SMPLES I»\TA - Data in which the information oontent can be, or is, 

ascertained only at discrete intervals of time. (Can be analog or digital.) 

SAMPLIR; PERIOD - The interval between observations in a periodic sampling 

control system. 

SCALE - To change a quantity by a given factor, to bring its range within 

prescribed limits. 

SCALE FACl'OR - A coefficient used to rrultiply or divide quantities in order 

to oonvert them to a given magnitude. 
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~ - The equipment used to digitize co-ordinate information from a 

master and convert it to punched tape for later recreation of the master shape 

on an NC machine. 

SCHEDULE - A programme or timetable of planned events or of work. 

SEXmD GmERATIOO - 1. In the NC industry, the period of technology 

associated with transistors (solid state). 2. The period of technology in 

computer design utilizing solid state circuits, off-line storage, and 

significant development in software, the assembler. 

SECURITY - Prevention of unauthorized access to information or programmes. 

SENSrrrvrrY - The ratio of a change in steady state output to the 

corresponding change of input, often measured in percent of span. 

SmsoR - A unit which is actuated by a physical quantity and which gives a 

signal representing the value of what physical quantity. 

S~ (RJbots) - Part of a robot programme which consists of a point or 

series of points the performance of which will be dependent on defined 

input/flag conditions existing. 

SEQUENCE CONTROL - A system of control in which a series of machine movements 

occurs in a devised order, the completion of one movement initiating the next, 

and in which the extent of the movements is not specified by numeric data. 

S~ NUMBER - A number identifying the relative location of blocks or 

groups of blocks on a tape. 

~ REAIXXJT - A display of the number of the block of tape beirig. read by 

the tape reader. 

SERIAL - The transfer and processing of each bit in a lInH of infonnation, 

one at a time. 

SERVO AMPLIFIER - The part of the servo system which increases the error 

signal and provides the power to drive the machine slides or the servo valve 

controlling a hydraulic drive. 

SETFOINT - The position established by an operator as the starting point for 

the programme on an NC machine. 

SIGN - The symbol or bit which distinguishes positive from negative numbers. 

SI~ - Information conveyed between points in a transmission or control 

system, usually as a continuous variable. 

SIGNIFICANT DIGIT - A digit than contributes to the precision of a numeral. 

The number of significant digits is counted beginning with the digit 

contributing the most value, called the most significant digit, and ending with 

the one contributing the least value, called the least significant digit. 

S~R - A device or oomputer programme that performs simulation. 

SKE.WIOO - Refers to time delay or offset between any two signals in relation 

to each other. 
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SO~ - The collection of programmes, routines, and documents associated 

with a computer. 

&lJRCE IMPEDANCE - The impedance presented to the input of a device by the 

source. 

&lJRCE ~ - The symbolic language comprising statements and formulas 

used to specify computer processing. It is translated into object language by 

an assembler or compiler, and is rrore powerful than an assembly language in 

that it translates one statement into many items (see macro). 

~ILITY - Freedom from undesirable deviation, used as a measure of process 

controllability. 

STANmY 1?(H:R SUPPLY - An energy generation or storage system, that can 

permit equipment to operate temporarily or shut down in an orderly manner. 

~c GAIN - The ratio of steady state output to input change. 

STEADY ~ - A characteristic or condition exhibiting only negligible 

change over an arbitrarily long period of time. 

STEPPIR; K7r0R - A bi -directional permanent magnet rrotor which turns in 

finite steps. 

STEP RESFOOSE The time response of an instrument subjected to an 

instantaneous change in input. 

STEP RESFOOSE TIME - The time required for an element output to change fran 

an initial value to a specified percentage of a steady state, either before or 

in the absence of overshoot, after an input step change. 

sro~ - A memory device in which data can be entered and held, and fran 

which it call be retrieved. 

sro~ 'lUBE - A CRT which retains an image for a considerable period of time 

without redrawing. 

STRAIGHT arr SYS'lUt - A system which has feedrate control only along the axes 

and can control cutting action only along a path parallel to the linear (or 

circular) machine ways. 

STnDS - A hand-held device by which co-ordinate information may be input to 

a display unit. 

SUB PR:X;RAMME - A segment of a machine prograrrme which can be called into 

effect by the appropriate machine control command. 

SUBROUTINE - A series of computer instructions to perform a specific task for 

many other routines. It is distinguishable fran a main routine in that it 

requires, as one of its parameters, a location specifying where to return to 

the main programme after its function has been accomplished. 

SUMMIR; POINT - A point at which signals are added algebraically. 

SYNaJR) - A transformer having a polyphase primary winding and single phase 

secondary winding which can be rotated. The voltage induced into the secondary 

may be controlled in phase by turning the secondary coil. 
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SYNCRRCNUS - A fixed rate transmission of information synchronised by a clock 

for both receiver and sender. 

SYNTAX - The rules which govern the structure of words and expressions in a 

language. 

T 

TABLE'!' - An input device which allows digitized co-ordinates to be indicated 

by stylus position. 

~ - A speed measuring instrument generally used to determine 

revolutions per minute. In NC it is used as a velocity feedback device. 

~ - A magnetic or perforated paper medium for storing information. 

~ TRAILER - The trailing end portion of a tape. 

~E LEADER- The front or lead portion of a tape. 

~ PREP~ON - The act of translating command information into punched or 

magnetic tape. 

~ - A unit of work. 

'1"FACH (RJbots) - The rrode by which a robot is driven to required points in 

space for programming. 

'l'ERMINAL - A device by which information may be entered or extracted fran a 

system or oammunication network. 

THIRD GENERATION - 1. In the NC industry, the period of technology associated 

with integrated circuits. 2. The period of technology in computer design 

utilizing integrated circuits, core memory, advanced subroutines, time sharing, 

and fast core access. 

'lBRESII)LD - The mininunn vallle of a sjgnal required for detection. 

TIME ~ - For a first order system, the time required for the output of 

complete 63.2% of the total rise or decay as a result of a step change of the 

input. 

TIME SHARDC - The interleaved use of a sequential device, to provide 

apparently sbnultaneous service to a number of users. 

~ - A flip-flop or two-position switch. 

'lOOL CEl'lmE FOINT (RJbots) - The real or imaginary offset point defined in 

relation to the tool mounting plate of a ~bot which moves in a straight line 

between progranmed points and at the programmed velocity in controlled path 

machines. 

'lOOL FUNCTION - A tape command identifying a tool and calling for its 

selection. The address is normally a 'T' word. 

700L LENGTH ~ON - A manual input means which elbninates the need for 

preset tooling and allows programmer to programme all tools as if they are of 

equal length. 
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'J.UOL OFFSET - 1. A correction for tool position parallel to a controlled 

axis. 2. '!he ability to reset tool position manually to oompensate for tool 

wear, finish cuts and tool exchange. 

'lOOLPAm FEEmA'l'E - The velocity, relative to the workpiece, if the tool 

reference point along the author path, usually expressed in units of length per 

minute or per revolution. 

TCDLPAm - '!he geanetry of the path a tool will follow to machine a 

canponent. 

TRNX - '!he portion of a roving storage medium, such as the drun, tape or 

disc, that is accessible to a given reading head position. 

TRANSFER FllNC'l'I<B - An expression relating the output of a linear system to 

the input. 

'1'RDNCATE - TO terminate a canputational process in accordance with sane rule, 

e.g., to end the evaluation of a power series at a specified term. 

~ ~ - A matrix that describes a logic function by listing all 

possible cambinations of inputs, and indicating the outputs for each 

canbination. 

TONING - '!he adjustment of coefficients governing the various rrodes of 

control. 

'l'ORNIR; CEN'l'RE - A lathe type numerically controlled machine tool capable of 

autanatically I::x:>ring, turning outer and inner diameters, threading, facing 

mul tiple diameters and faces of a part and often equipped with a system for 

autanatically changing or indexing cutting tools. 

TURN KEY SYSIBt - A term applied to an agreement whereby a supplier will 

install an NC or computer system so that he has total responsibility for 

building, installing, and testing the system. 

V 

VARIABLE (RJbots) - An ability to count events. 

VARIABLE BLOCK FORMAT - Tape format which allows the number of words in 

successive blocks to vary. 

VFrl'OR - A quantity that has magnitude, direction and sense and that is 

comnonly represented by a directed line segment whose length represents the 

magnitude and whose orientation in space represents the direction. 

VECTOR FEEmA'l'E - The resultant feedrate which a cutter or tool roves with 

respect to the work surface. '!he individual slides may rove slower or faster 

than the programmed rate; but the resultant rovement is equal to the programmed 

rate. 

VOlATILE STOIW:;E - A memory in which data can only be retained while power is 

being applied. 
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W 

WINIXJP - Lost motion in a mechanical system which is proportional to the 

force or torque applied. 

WIRE-FRAME - A 3-dimensional drawing created by the projection of the points 

of intersection of the geometry. 

1I)RJ) ADDRESS RmMAT - Addressing each word in a block by one or more 

characters which identify the meaning of the word. 

WORD LENGTH - The number of bits or characters in a word. 

NlRLD CD-ORDINATES (Rlbots) - The co-ordinate system by which a point in 

space is defined in three cartesian co-ordinates and three orientation or polar 

co-ordinates. 

MUST (Rlbots) - The element of a robot which applies orientation to a tool." 

X 

X AXIS - Axis of motion that is always horizontal and parallel to the 

word-holding surface. 
y 

y AXIS - Axis of motion that is perpendicular to both the X and Z axes. 

~ (Rlbots) - A rotation of a payload or tool about a vertical axis that is 

perpendicular to the pitch axis of the wrist. 

Z 

Z AXIS - Axis of motion that is always parallel to the principle spindle of 

the machine. 

ZER> - One of the two symbols normally employed in binary arithmetic and 

logic, indicating the value zero and the false condition, respecti\~ly. 

ZER> OFFSET - A characteristic of a numerical machine tool control permitting 

the zero point on an axis to be shifted readily over a specified range. (The 

control retains information on the location of the 'permanent' zero.) 

ZER> SHIFT - A characteristic of a numerical machine tool control permitting 

the zero point on an axis to be shifted readily over a specified range. (The 

control does not retain information on the location of the 'permanent' 

zero. ) 

ZER> SUPPRESSICB - The elimination of non-significant zeros to the left of 

significant digits usually before printing. 

ZER> SYNCIIRaUZATICB - Z technique which permits autanatic recovery of a 

precise position after the machine axis has been approximately positioned by 

manual control. 

89 





ORAC 

I PARTS ILL U S T RAT ION S 

HEAIl3TOCK & SPINDLE AC. 100/100 

BED & SADDLE DRIVE AC. 100/200 

SADDLE & cross SLIDE DRIVE AC. 100/300 
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DmFORD MACHINE 'lOOIS LIMITED 1£. 100/100 

'GRACI IIE'.AOOTOCK & SPINDLE No. OFF 

AC. 100/101 HEAffiTOCK 1 
102 MAIN SPINDIE 1 
103 GREASE RETAININ3 PLATE 2 
104A SPINDIE END 'lUBE 1 
105 GREASE CAP 2 
106 SPINDIE END 'lUBE NUT 1 
107 CHUCK GUARD SPImT 1 
108A CHUCK GUARD 1 

CH. 287. A. HEAffiTOCK NAMEPIATE 1 

DESCRIPTION MANUFACTURER REF. No. OFF 

TAPER RJLIER BEARIN3S FAG 320 07X 2 
LOCKNUT FAG KM7 1 
TAB FAG MB. 7 1 
GREASE NIPPLES Lill1ATIC HDFY4/45 2 
BUTION HEADS M4x6 4 
HEX NUT M8 4 
WASHER M8 4 
GRUB SCREH 2BA x * neg PT 4 
SPRI~ WASHER M8 4 
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AC. 100/200 

'QRAC' BED & SAIDIE DRIVE No. OFF 

AC. 100/201 BED 1 
202 SADDLE BM.I.SCREW 1 
203 BM.LNl1I' HOUSI t'G 1 
204 BEARIt'G HaJSIt'G 1 
205 END SUPPORl' BLOCK 1 
206 CENTERIt'G FLANGE 1 
207 CENTERING FLANGE 1 
208 ooroR PLATE 1 
209 ooroR PLATE SPACER 4 
210 
21lA BED WASHER 2 
212 3ar PULLEY 
213 ADJUSTABLE SADDLE STOP 1 
214 SADDLE STOP PLUNGER 1 
215 SADDLE STOP CLAMP PLATE 1 
216 PLUNGER HEAD 1 

CH. 267 SPECIFICATION PLATE 1 

BVS150/55 12T PULLEY 1 
BVS160/68 BED END STOP 1 

. 
DESCRIPTION MANUFACI'URER REF. No. OFF 

, 

·1'<~M~D k'T nVl\l~T~ r~ MW1 ?nn ~A.?A. 
~--

. 310 A8 1 
BALL NUT WARNER RM 1605 A 1 
BALL ruT .. WARNER RM 1605 UF 1 
BEARIt'G FAG 7201 B 2 -

BEARIt'G FAG 6200 2RS 1 
LOCKNUT FAG KMI 1 
TABWASHER FAG MBl 1 
TIMIt'G BELT UNIROYAL UNIROYAL 100 XL 037 1 
SPRIt'G COVERS CROMAR SF 25/500/40 2 

SKT CAP HEAD M8 x 50 5 .. .. .. M8 x 30 2 .. .. .. M8 x 10 1 .. .. .. M6 x 40 4 .. .. II M6 x 20 3 
SET SCREW M8 x 45 2 
GRUB SCREW M5 x 5 CONE 

POINT 2 
WASHER M8 2 

KEY 3 x 3 x 15 1 
RIVETS (BLACK) HARMSIDRI'H 201-03-2409-80 4 
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AC. 100/300 

'(BAC' SAIDLB & au;s SLIDE IJ.UVE No. OFF 

AC. 100/301 SADDLE 1 
302 cross SLIDE 1 
303 SADDLE FroNT GIB STRIP 1 
304 SADDLE REAR GIB STRIP 1 
305 CROSS SLIDE GIB STRIP 1 
306 ADJUSTIN3 STRIP 1 
307 REAR DRIVE BRACKET 1 
308 BEARIt\l3 HaJSlt\l3 1 
309 SPINDLE ADAPI'OR 1 
310A CROSS SLIDE BALISCREW 1 
311A BALISCREW HOUSlt\l3 1 
312 FRONT SUPIDRT PLATE 1 
313 BUSH 1 
314 MOTOR PLATE SPACER 4 
315 CROSS SLIDE <X>VER 1 
316 TEE NUT 2 
317 AProN PLATE 1 
318 15T PULLEY 1 
319 DRIVE GUARD 1 
320 
321 SADDLE FILL IN PLATE 1 
322 TRIP ROD 1 " 
323 MICRO SWITCH SPACER 1 
324 AProN END CAPS (LH & RH) 1 SET 
325 MICRO-S\VITCH BEZEL 1 
326 JUNcrION OOX . 1 
208 r-uroR PLATE 1 

CH. 296 AProN <X>VER PLATE 1 
Ol. 301 LUBRICATlOO PLATE 1 

DESCRIPTIOO MANUFAcruRER REF. No. OFF 

STEPPIN3 MaroR CETRONIC DYNAMICS LTD MHY 200 3424 
310A8 1 

TIMlt\G BELT UNIROYAL 100 XL 037 1 
THRUST BEARIt\G NADELIA AX 10 22 2 
THRUST PLATE NADELIA CP 10 22 2 
OILITE BUSH MANGANESE BRONZE 10 x 10 x 16L 1 
LOCKNUT FAG KM. 0 1 
TAB WASHER FAG MB. 0 1 
OILER UNlMATIC B 0 4 2 
MICRO ffi'UTCH BURGESS V3 SERIES VCSPYF 1 
TERMINAL OOX RADIO SPARES 

(AC. 100/326) 509-939 1 
GRUMET PRESTIGE t DIA 1 
SKT CAP HEAD M6 x 65 4 .. .. .. M6 x 30 2 .. .. " M5 x 20 3 .. .. " M4 x 16 2 .. .. " M4 x 10 5 
SKT C/SUNK M4 x 12 1 .. .. M4 x 6 4 



AC. 100/300 
- 2 -

DESCRIPTION MANUFACI'URER REF. No. OFF 

SKT CAP HEAD M8 x 20 2 
BUTION HEAD 2aA x * 12 
GRUB SCREW M4 x 35 CONE 

mINI' 3 

" " M4 x 4 ]XX; mINI 4 

HEX NUT M4 3 

" " M6 4 

RIVETS HARMSIDRI'H 201-03-2409-00 6 
SPRIN3 WASHER M6 4 
MICRO-SWITCH BURGESS V3 SERIES OVCF9r 1 
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AC. 100/400 

'cmAC' 'lOP SLIIE, SWIVEL & 'lUOI.Pa;T No. OFF 

AC. 100/401 TOP SLIDE 1 
402 ffiVIVEL SLIDE 1 
403 TOP SLIDE END PLATE 1 
404 TOP SLIDE SCREW 1 
405 FEED NUT 1 
406 FEED NUT REI'AINIl'G SCREW 1 
407 FEED DIAL 1 
408 TOP SLIDE HANDWHEEL 1 
409 
410 GIB STRIP 1 
411 CLAMPI l'G OOLIAR 1 
412 GRADUATIOO PLATE 1 
413 TEE OOLT 2 
414 TOOLPOST SWD 1 
415 NO. 2 MI' SOCKET ADAPI'OR 1 
416 TOOLPOST CLAMP NUT 1 

710 AIlJUSTMENI' SLEEVE 

DESCRIPTION MANUFACTIJRER REF. No. OFF 

TOOLPOST HAHN & KOLB TYPE 'AA' 1 
TOOLHOLDER HAHN & KOLB 'IYPE MD 1250 1 
HEX IOCKNUT MlO 1 

, 

HRX NTl'r MI=\ ? 
-

It It M4 3 
CHEESE HEAD SCREW M6 x 10 3 
GRUB SC~ M4 x 20 OONE 

mINI' 3 -

RIVETS (BRASS) G.K.N. 'IYPE 'u' - 3/16 2 
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'ORAC' 

AC. 100/501A 
502 
503A 
504 
505A 
506 
507 

DESCRIPTION 

DRIVE MOTOR 

DRIVE BELT 
COMPRESSION GLAND 
STRAIGHT ADAPTOR 
KEY 
KEY 
SKT CAP HEAD 
GRUB SCREW 
" " 

" n 

~VASHER 

SKT CAP HEAD 
SPRIOO WASHER 
SKT CAP HEAD .. .. .. 

SPINDLE DRIVE 

SPINDLE DRIVE PLATE 
OOI'OR PULLEY 
MAIN SPINDLE PULLEY 
SPINDLE TRANSDUCER DISC 
SPINDLE SENSOR BRACKET 
IDCKNUT 
SPINDLE PULLEY SPACER 

ASEA 

EGA 
EGA 

MANUFAcruRER REF. 

MT 71 B1 4F 
130-4 

POLY IV I J10220 
20rmn OCG/2 
20rmn MFA/2 
8 x 5 x 35 WOO 
5 x 5 x 12 WOO 
M6 x 20 
M5 x 5 PLAIN CUP 
2BA x 3/8" PLAIl\ 

9 CUP 
2BA X !" PLAIN 

CUP 
M6 
M8 X 20 
M8 
M4 X 16 
6BA X 3/8" 

AC. 100/500 

No. OFF 

I 
I 
1 
1 
1 
1 
1 

No. OFF 

1 
1 
1 
1 
1 
1 
4 
2 

1 

2 
4 
4 
4 
2 
2 
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M:.. 100/600 

• ORAC I CABINEl' & SLIDIR; GUARD 

PARr No. IESCRIPrI~ (!r.l. 

AC. 100/601A CABINET 1 
602A CABINET BASE 1 
603 END DRIVE HOUSING 1 
604 END DRIVE COVER 1 
605 VENTILATION PANEL 1 
606A 
607 REAR roOR 1 
608A SLIDING GUARD 1 
609 'IDP SLIDING RAIL 1 
610 OOITOM RAI L 1 
61lA GUARD ClAMP PLATE 1 
612A GUARD RETAINING CHANNEL 1 
618 DIVIDING PANEL 1 

CH. 219 DENFORD lABEL 1 
292 'ORAC' NAMEPLATE 1 
304A EARPHONE PLATE 1 
305A T.V. SOCKET PLATE 1 
351 MAINS SUPPLY PLATE 1 

DESCRIPTION MANUFACTURER & REF. CO~1PUTER NO. etrY. 

SLIDING GEAR APEX ENTERPRISE 55501430 I 
SPEAKER RADIO SPARES 248/599 248/599 2 
SPEAKER GRILL UNlCAR 1-05.071 55501432 2 
KNOB ELESA VTR 40B M8 55501214 1 
EARPHONE (EXTRA) EAGLE SE SOON 55501442 1 
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'ORAC' 

AC. 100/701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 

SP. 190 

DESCRIPTION 

HOODRUFF KEY 
OILIT~ BUSH 

OILER 
SET SCREVJ 
SET SCREW 

TAIISI'OCK 

TAIISTOCK BODY 
TAIISTCX::K SHOE 
TAIISTOCK BARREL 
BARREL SCREW 
BARREL CLAMPS 
BARREL KEY 
CLAMP LEVEL 
TAIISTCX::K HANDWHEEL 
HANDWHEEL HANDLE 
ADJUSTMENT SLEEVE 
TAIISTOCK CLAMP 
DIAL 
SHOULIER SCREW 

NO. 2 SOIT CENTRE 

MANUFACTURER 

Lm1ATIC 

---~-----GRtJR-£CREW-------------------- - ------

GRUB SCREW 

HEX. NUT 
SID ~VASHER 
RIVETS (BRASS) G.K.N. 

REF. 

10.5 DIA x 3 
16 x 10 x 10 

LOt-r; . 
B04 
M8 x 90 
M6 x 45 

N:.. 100/700 

No. OFF 

1 
1 
1 
1 
1 SET 
1 
1 
1 
1 
1 
1 
1 
1 

1 

No. OFF 

1 

1 
1 
1 
1 

__ M6---x_~~ _______ . ____ .. 
mINT 1 

M6 x 30 ax; 
mINT 1 

M8 x 13 LOt-r; 1 
M8 1 
TYPE lUI -

3/16" 1 



JBWORD MACHINE 'lOOIS LIMITED 

PARTS LIST 'CEAC' TRANSFOm£R 

AC. 101/1 TRANSFORMER OOX 1 
2 TRANSFORMER OOX LID 1 

AC. 100/211.A. WASHER 1 

CH. 329 PANEL PLATE 1 

DESCRIPTION MANUFACTURER REF. No. OFF 

TRANSFORMER !OL.P. XA 0375 1 
S\vITCH R.S. 338 - 529 1 
FUSE HOLDER R.S. 412 - 863 1 

FUSE HOLDER R.S. 412 - 021 1 

STRAIN BUSH R.S. 542 - 894 2 

CABLE TIE PASE R.S. 543 - 901 1 

PLUG R.S. 488 - 208 1 

TERMINAL BLOCK KLIPR)N 2435-2 4 

SCREWED roD M8 - 120 LO!\G 1 

HEX NUT 'STD. M8 2 
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TP 100 

PARI' No. 

TP 100/ 1 
2 
3 
4 
5 
6 
7 
8 
9 

KNOB 

10 
11 
12 
13 
14 

DESCRIPTION 

IDFORD Ml\CHINE 'lOOIS LIMI"l'm 

~CK (]JlH;E 'lOOLPOOT 

IESCRIPTIOO (!r:l. 

BASE BODY 1 
SLIDE ARMS 1 
ECCENTRIC PIN 1 
roVER 1 
ClAMP 1 
CLAMPIl'-G BUSH 1 
TENSION SPRIl'-G 1 
ADJUSTIl'-G BRACKET 1 
'IDOL rox "TYPE A" 1 
TOOL BOX "TYPE B II 1 
'IDOL rox "TYPE C" 1 

HANDLE 1 
LOCKIl'-G NUT 1 

MANUFACTURER & REF. COMPUTER NO. QTY. 

RENCOL 301-M5 1 

-----------
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TP.IIO/3 

• ·ORAC ONLY 
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'QRAC' 

PART No. 

'IF no/ 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12A 
13 
14A 
15 
16 
17A,B&C 
18 
19 
20 
21 
22 
23 

IDFORD MACHINE 'lOOIS LIMITED 

'IOOLPOST BODY 
TIJRRET 
MAIN SHAFT 
IDRM SHAFT 
IDRM GEAR 
IDRM SHAFT END CAP 
RATCHET STOP 
RETAINING PIN 
FroNT PLATE 
REAR PLATE 
TRANSDUCER DISC 
MOTOR JACKET 

TEE BOLT 
ELECTRICAL COVER 
ADAPTOR PLATE 
COLLETS 6, 8 & 12 DIA 
muCK ADAPTOR 
GREASE RETAINI NG PLATE 
SENSOR BOARD BRACKET 

PARI'S LIST 

CHIP GUARD EXTENSION (STARIURN 8 ONLY) 
MANUAL S~VITCH BRACKET 

(!J:Y. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

4 
1 
1 
1 SET 
1 
1 
1 

1 
1 

_~~ _______ CR. ___ 32L__ . ______ !~y.MB!:)h__ _. ____________ l. __ .. __ .. __ _ 
CH. 364 LIFTING ~ING PLATE 

AC. 100/608B 
611A 
612A 

DESCRIPTION 

MaI'OR 

GEARBOX 

BEARING 
BEARING 
OILITE BUSH 
LOCKNUT 
TABWASHER 
opro SWITCH 
GREASE NIPPLE 
DISC SPRING 
DRILL CHUCK 

CHIP GUARD (EXTENDED) 
GUARD CLAMP PLATE 
GUARD RETAINING CHANNEL 

MANUFACTURER & REF. 

TRIDENT: 
2332.912 11.151 000 

TRIDENT : 
2938.804 0060.0 000 

FAG : 7205 B 
FAG : 6200 2RS 
16/22/25 
FAG : KM5 
FAG : MB5 
RS 307 913 
LUMATIC : HDFV4 
ANDERTON: AL 4017 
JACOBS : KI0 ACG 

3/8 x 24r1 

CO~·1PUTER No. 

55500302 

55500302A 
55500102B 
55500110 
55500l95F 
55500184A 
55500184B 
307 913 

55500196D 

1 

1 
1 
1 

(frY. 

1 

1 
1 
1 
1 
1 
1 
3 
1 
1 

1 



N:.. 105 

'QRAC' IRl'ERU)C[(DI; GUARD 

PARr No. IESCRIPTICB r:trf. • 

AC. 105/1 KNOCK OFF SUPPORI' BRACKET 1 
2 KNOCK OFF 2 
3 roo SUPPORI' BLOCK 2 
4 roD 1 
5 BEARING HOUSU~ 2 
6 SIDP 1 

AC. 100/608B SLIDING GUARD 1 
61lA GUARD CLAMP PLATE 1 
615 BUNDY TUBE ADAPTOR 2 

DESCRIPTION MANUFAcruRER & REF. COMPUTER No. CJr'i • 

MICro SWITCH BURGESS KB5EQR 55500380 1 
TRACK HIDNEY 2012-FN x 351" 55501431 1 
KNOB ELESA VTR 40B M8 55501214 1 
TUBE BUNDY 5/16; O.D. 

x 13 /8" 1 
OILITE BUSH MANGANESE BRONZE 

!" x 5/8" x 1" 55500194B 2 



ORAC/ELECTRICAL DRAWINGS 

DRAWING ID. DESCRIPTION REMARKS 
M2050 Main Interconnect1ons (Cables) REVISED VERSION 

*M2119 " " " ( PRESENTATION) 
*M2094 Power Supply Un1t - C1rc. diag. 
*M2095 " "-J/O 

M2011 Canptr. VF. PC 1965 - circ/diag. 
*M2106 " II - I/O 
*S2098 Regulator Board PC 1601 - c1rc/d1ag. 

S2074 " II - I/O 
*S2108 Sp1ndle Control Un1t PC 1951 - c1rc/di~ 
*S2109 " II - I/O 
*S2097 B1eeper Board - LlO (only) 

M1958 Modulator for Nevin Monitor c1rc/d1ag. 
*S2099 II " "L/O 
S2077 Modulator for KME Monitor circ/diag. 

(PC 2075) 
S2076 II " " L/O 

Leaflet Re: Conns 
*M2105 Ribbon cable Interconns. 
*S2123 Interconns - 250 1 PSU to Rack APPLICABLE '10 A aMan 

~-

NUMBER OF UNITS 
S1861 II - 8151 PSU to Rack MOST UNITS 

*S2100 II - T1Q-A to cassette (Data) 
S1632 II ~ Cassette to H/~hone Jack 

*M2102 T10 - A board - C1rc. diag. 
S2016 II II - I/O 

.~ ~- In ... L .-0 -0' 
·lWU;.LV~ .L.LV - g ... .LJ..... U.Lay. 

S2013 II " - I/O 
*M2107 T10 - C board - circ. diag. 
S2044 .. .. - I/O 

*M2104 MPSlB Processor Board - I/O only 
S2101 PRM-1 (dedicated)REF X84 - I/O only 

, S0061 (syn) GrM - 1 - I/O only 
*S2120 Opto Sensor PC 1852 - LlO only 
*S2124 Indexing Tool Post - Sensor PC 1928-circ : *S2121 II .. II - I/O 

S1938 II II II - Disk encodirg 
*M2125 Brown Pestell Spindle Motor Speed 

Controller - General Arrangement 
- Data Sheet 
- Manual , 
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