INSTALLATION FOR
THE VF-SERIES MILL
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OPERATORS MANUAL

GENERAL WARNINGS

Itis the shop operator’s responsibility to make sure that everyone who is involved in installing and operating the
Vertical Machining Center (VMC) is thoroughly acquainted with the installation, operating, and safety instruc-
tions provided with the machine BEFORE they perform any actual work.

NOTE: The ultimate responsibility for safety rests with the shop operator and the
individuals who work with the machine.

The electrical power must meet the specifications in this manual. Attempting to run the VMC from any other
source can cause severe damage and void the warranty.

DO NOT press POWER UP/RESTART on the control panel until after the installation is complete.

DO NOT attempt to operate the machine before all of the installation instructions have been completed.

Observe all of the warnings and cautions in the "Installation" section of the operation manual.

Move the crated VMC with care — position forklift forks only as specified by the marks on the crate and the
instructions in this manual.

NEVER service the VMC with the power connected.

NEVER leave the control boxes open when the power is on. Adeadly high voltage may be presentin ALL
areas of the control boxes.

IMPORTANT!!! Once the machine is installed, the control cabinet must be locked and the key given to the
shop manager.

IF YOU ARE INSTALLINGAN APC WITH YOUR MILL PLEASE REFER TO THE APC SECTION OF THIS
MANUAL FOR COMPLETE INSTALLATION INSTRUCTIONS.
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OPERATING DIMENSIONS

OPERATING | VF-O/E | VF-OE/EXT | VF-1 VF-2 VF-3 VF-4 | VF-5/40 | VF-5/50
Height (in.) 107 107 1045 | 1045 | 1175 | 1175 118.2 126.5
Width (in.) 109 109 138 109 138 138 148 148
Depth (in.) 137 137 157 137 157 157 163 163
Weight (Ib.) 7,000 7,900 7,100 | 8,000 | 12,500| 13,300 | 14,500 | 14,600
VF-6 VF-7 VF-8 VF-9 | VF-10 | VF-11 | 50Taper

Height (in.) 124 124 124 124 124 124 138
Width(in.) 178 190 178 190 255 257 -
Depth (in.) 160 160 176 176 160 178 -—
Weight (Ib.) 21,000 23,000 24,000 | 25,000 | 28,000 | 29,400 -—

NOTE: The operating dimensions are the maximum dimensions of the machine

during operation. These are the dimensions of the machine with the control
panel door completely open, the spindle head at it's highest point, the control
at it's most forward position, and with the discharge tube installed.

Out of Crate | VF-0/1/2 |VF-3/4 |VF-5/40 |VF-5/50 | VF-6
Height (in.) 91 102 101 105 107
Width (in.) 88 125 137 137 156
Depth (in.) 93 96 985 985 96
Out of Crate | VF-7 VF-8 |VF9 VF-10 | VF-11
Height (in.) 107 107 107 107 107
Width (in.) 183 156 183 257 257
Depth (in.) 96 117 117 96 117
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MacHINE FOOTPRINTS
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SERVICE REQUIREMENTS

GENERAL REQUIREMENTS

Operating Temperature Range 5to 40°C

Storage Temperature Range -20to 70°C

Ambient Humidity: less than 90% relative humidity, non-condensing
Altitude: 0-7000 ft.

ELEcTRICITY REQUIREMENTS

IMPORTANT! REFER TO LOCAL CODE REQUIREMENTS BEFORE WIRING MACHINES.

ALL MACHINES REQUIRE:

AC input power is three phase Delta or Wye power, except that the power source must be grounded (e.g. leg or
center leg for delta, neutral for Wye)

Frequency range is 47-66 Hz

Line voltage that does not fluctuate more than +/-5%

Voltage imbalance or no more than 2%

Harmonic distortion is not to exceed 10% of the total RMS voltage

96-8000

20-15 HP System

Voltage Requirements

High Voltage Requirements

20-15 HP

than 100' use:

(195-260V) (354-488V) Products

Power Supply 50 AMP 25 AMP SL-20
Haas Circuit Breaker 40 AMP 20 AMP Standard VF
If service run from
ele.panel is less than 8 GA. WIRE 12 GA. WIRE Standard HS 1/2

-panel : : 10K (VF-E / EX)
100' use:
If service run from
ele. panel is more 6 GA. WIRE 10 GA. WIRE

40-30 HP System

Voltage Requirements

High Voltage Requirements

40-30 HP

than 100' use:

(195-260V) (354-488V) Products

Power Supply 100 AMP 50 AMP SL-30/40
Haas Circuit Breaker 80 AMP 40 AMP 5000 RPM (SL)
If service run from HT10K (VF)
ele.panel is lless 4 GA. WIRE 8 GA. WIRE HT 10K (HS)
than 100" use: VR-11
If service run from

N 50 Taper (VF)
ele. panel is more 2 GA. WIRE 6 GA. WIRE Lathe BB

~HANG-
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- A separate earth ground wire of the same conductor size as the input power is required to

be connected to the chassis of the machine. This ground wire is required for operator

safety and for proper operation. This ground may be supplied from the main plant ground,
a local cold-water-pipe, or ground rod adjacent to the machine.
- Do not connect to 480V, unless machine includes high voltage option.

- Maximum voltage leg-to-leg or leg-to-ground should not exceed 260 volts or 540 volts

for high voltage machines!
- The current requirements shown reflect the circuit breaker size internal to the machine.

This breaker has an extremely slow trip time. It may be necessary to size the external

service breaker up by 20-25% for proper operation.

AIR REQUIREMENTS

The VMC requires a minimum of 100 PSI at 4 scfm at the input to the pressure regulator on the back of the

machine. This should be supplied by at least a one horsepower compressor, with a minimum 20-gallon tank,
that turns on when the pressure drops to 100 PSI.

Note: Add 2 scfm to the above minimum air requirements if the operator will be using
the air nozzle during pneumatic operations
Machine Type Main Air Regulator |Input Airline Hose Size
VF-1 through VF-11 (40 taper) 85 psi 3/8"
VF-5 through VF-11 (50 taper) 85 psi 1/2"

The recommended method of attaching the air hose is to the barb fitting at the back of the machine with a hose

clamp. If a quick coupler is desired, use a 1/4" for 40 taper machines, or a 3/8" for 50 taper machines and

machines with the

side mount tool changer option.

WARNING

AN INADEQUATE AIR SUPPLY
WILL CAUSE TOOL CHANGER FAULTS

FOLLOW THESE GUIDELINES:

MINIMUM AIR SUPPLY PRESSURE TO MACHINE IS 100 PSI.

OBSERVE GAGE DURING TOOL CHANGE - 10 PSI MAX. DROP.

USING THE AIR GUN DURING TOOL CHANGES MAY CAUSE

FAULTS IF THE AIR SUPPLY TO THE MACHINE IS MARGINAL.

ALLOW 2 HP OF AIR COMPRESSOR PER MACHINE,

(.E., 5 MACHINES REQUIRE A 10 HP AIR COMPRESSOR).

USE MINIMUM 3/8 ID HOSE FOR 40 TAPER MACHINES,
MINIMUM 1/2 ID HOSE FOR 50 TAPER & HS MACHINES.

AVOID QUICK DISCONNECTS IN SUPPLY LINES - THEY ARE

RESTRICTIVE.

NOTE:

Excessive oil and water in the air supply will cause the machine to malfunction.
The air filter/regulator has an automatic bowl dump that should be empty
before starting the machine. This must be checked for proper operation
monthly. Also, excessive contaminants in the air line may clog the dump valve
and cause oil and/or water to pass into the machine.

NOTE:

The nipple between the air filter/regulator and the Bijur oil lubricator (See
illustration in "Air Connection" section) reservoir tank below the control box on
the back of the machine is for the optional rotary table. DO NOT use this as
a connection for an auxiliary air line. Auxiliary connections should be made
on the left side of the air filter/regulator.

96-8000
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WARNING!

WHEN THE MACHINE IS OPERATING AND THE PRESSURE GAUGE (ON THE
MACHINE REGULATOR) DROPS BY MORE THAN 10 PSI DURING TOOL
CHANGES, INSUFFICIENT AIR IS BEING SUPPLIED TO THE MACHINE.

INsTaLLaTION TooLs REQUIRED

Precision bubble level (0.0005 inch per 10")

1 1/8" hex wrench or ratchet
11/2" wrench

Forklift with the following specifications:

Test indicator (0.0005)

3/4" wrench
Claw hammer

VF-O/E | VF-OE/EXT | VF-1 | VF-2 | VF-3 VF-4 VF-5/40
Machine Weight * 7,000 7,900 7,200 | 8,000 | 12,500 | 13,000 14,500
Fork Length 8' 8' 8 8' 8 8 8'

VF-5/50 VF-6 VF-7 | VF-8 | VF-9 VF-10 VF-11

Machine Weight *

14,600

2,100

23,000 | 24,000 | 25,000 | 28,000

29,400

Fork Length

g

* The forklift must be capable of lifting at least this weight.

MATERIALS REQUIRED

96-8000

Wire and air hose or piping as specified in the Service Requirements section

A small amount of grease
Way lube for the lubricator (Vactra

#2)

~HANG-
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MovinG THE CRATE

CAUTION!
THE VMC CRATE CAN ONLY BE MOVED WITH A FORKLIFT.

CAUTION! The fork positions are marked on the crate. (Also, note that there are three skids at each side of
the pallet. The heavy part of the machine [the back] is positioned over the two skids that are closest together.)
If the fork positions are ignored, there is a good chance that the retaining bolts will be sheared off by the forks
and also that the machine will tip over when it is picked up.

10 —///W; 96-8000
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UNPACKING THE VMC

UNcRrATING

NOTE: Unless you are certain that you will not be shipping the machine, the crate and
packing materials should be stored for reuse. Be careful not to damage the
crate and the other packing materials.

CAUTION! Use extreme caution not to damage the pressurized hydraulic counterbalance
when removing the machine from it's container.

1. Pry off the clips around the top of the crate with a claw hammer and remove the top panel.

2. Pry off all but one clip at each corner of the crate.

3. Remove plastic cover.

CAUTION! Do not put undue pressure on the top of the machine as you remove the
plastic.

4. Pry off the last clip at each corner and remove the side panels.

CAUTION! The side panels are heavy — be careful that they do not drop on your feet or
tip over on you.

5. Remove the coolant tank and the cleats that held them in place.

96-8000 ~//NG- 11
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Shock Mount
Rubber Pad

Pallet J

Bracket
Coupler

F Assembly

6. Unbolt shipping bracket.

7. Remove the nuts, on the leveling screws, holding the shipping bracket to the base casting. Re-
move the shipping brackets.

8. Lift the machine off the pallet.

SETTING IN PLACE

Keep in mind when moving the VMC that much of it's weight is concentrated in the column at the back.
Therefore, when lifting a VF-0/1/2 from the side, it is important that the forks of the forklift be positioned as
close to the back of the machine as possible without being on the pads.

CAUTION! Do not lift the machine any farther than necessary off the floor when moving
it, and move as slowly and cautiously as possible. Dropping the machine,
even from a height of a few inches, can cause injury, result in expensive
repairs, and void the warranty.

For the VF-0/1/2: The only acceptable way to move a VF-0/1/2 is to pick it up from the SIDE with a forklift.
Follow the machine weight and fork length specifications described earlier. The forks must be set as far apart
as possible without being on the pads. The forks must be positioned all the way to the back of the VMC and
they must extend at least 3" past the far side of the machine base. Also, there must be about approximately 6"
clearance between the forklift and the side of the machine.

For the VF-3 through 10: The VF-3 through 10 must be lifted from the BACK of the machine with a forklift.

IMPORTANT! Follow the machine weight and fork length specifications described earlier. The forks must be
set as far apart as possible without being on the pads. Also, there must be about approximately 6" clearance
between the forklift and the back of the machine.

Attempting to move the machine any other way may void the warranty.

CAUTION! When lifting the machine with a forklift, be careful not to damage the sheet
metal aprons with the forks.

12 —///W; 96-8000
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VF - O/1/2 VF - 3 through 10
1. Lift the machine clear of the pallet.

2. Move the machine to where it will be located. Grease the dimple in each leveling pad, and locate
them under the leveling screws at the four corners. Then lower the machine.

«@

Remove all banding and packing material around the control panel and the doors.

>

On the VF-6/8, remove the pendant support.

5. Remove the control arm shipping brace. On the VF-3/4, swing the control arm into position and
bolt it to the support on the top front of the machine enclosure. On the VF-6/8, swing the control
arm to the proper position.

96-8000 —///WF 13
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ANCHORING INSTRUCTIONS

Anchors must be installed prior to setting the machine in place.

IMPORTANT! READ THE INSTRUCTIONS THOROUGHLY BEFORE ATTEMPTING TO ANCHOR THE MACHINE.

ANcHORING KiT: (P/N# 30-0088) Qry

5/8-11 x 6 hex head bolt

5/8-11 x 2 1/8 coupling nut

5/8-11 x 8 stud

5/8 washer

5/8-11 hex nut

3/4-10 x 6 hex head bolt (FuLLY THREADED)
3/4 10 hex nut

anchor strap

floor plate

epoxy (chock fast gray, PR-610 FR)

O NONONo N Ne NN Ne))

-_—

Ibs

Note: There is only enough epoxy to fill the 1.5” Dia. x 8.5” deep holes.

Reauirep TooLs:

Carpenter’s square
Hand drill and mixer blade

The anchoring kit contains enough supplies to build six complete anchors. Small vertical
mills only require four anchors. Refer to the anchor patern for the specific machine re-
quirements.

Before drilling the anchor cores, make sure there is enough clearance around the machine
to install the coolant tank. Refer to the appropriate page for machine footprint and coolant
tank dimensions.

Note: To avoid breakage in the concrete ensure that bored holes are at least 12
inches away from any concrete joints.

14 -///‘W; 96-8000
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FounpATION REQUIREMENTS:

A minimum 2-foot concrete foundation is required. The foundation should extend at least 1 ft. from the bored
holes.

Machines with outriggers must have the foundation extend at least 1 ft. from the outrigger leveling pads.

NEW SURFACE FOR
'/ PLACEMENT OF MACHINE
3 " g pa)
a 4 pa)
S #4 BARS @ 18" O.C.
N )/ EACH WAY

k CONCRETE FOUNDATION PAD

TYPICAL FOUNDATION

FounbpaTion NoTES:

1. Concrete shall be 3500 psi at 28 day strength. Concrete aggregate shall be a 1” mix.
2. Steelreinforcing shall be 40 K.S.1.

3. The excavation shall be cut neat against the undisturbed soil. Any loose material in the excavation
shall be removed so that the concrete bears on the undisturbed natural soil. This will help to
prevent uneven settling.

ANCHORING OVERVIEW

Setting the anchors is a three step process. First, the anchors are partially assembled hand-tight and placed
into cored holes with epoxy. This assembly keeps the anchors perpendicular to the floor while the epoxy is
curing. Once the epoxy has cured, the studs and floor plates are removed so that the machine can be moved
into position.

Once the machine is in position, the studs are threaded back into the coupling nuts with the long threaded end
of the stud facing upwards. The anchors are then reassembled loosely and the machine leveled.

Once the machine is leveled, the anchor bolts are torqued in increments to a specified rating.

96-8000 —///W; 15
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CORING INSTRUCTIONS

Refer to the appropriate hole pattern and machine footprint before drilling.

Cored holes must be 1.5 inch (3.81cm) diameter by 8.5 inches (21.59cm).

Note: Thoroughly clean and dry the cored holes. The holes must be completely
free of oil and water and if blasting with air, ensure that the air is free of oil.

STeEP 1 ANCHOR PRE-ASSEMBLY

Screw the 5/8-11 HHB into the coupling nut halfway.

5/8-11 X21/8
COUPLING NUT

5/8 -11 X6 HHB

Pre-assembly diagram .

Screw the 5/8-11 nut onto the long threaded side of the stud halfway.

June 1999

Place the floor plate and the 5/8 washer onto the stud. Screw the stud into the coupling nut until it bottoms out.

Then tighten the hex nut until the floor plate is held tight between the two nuts (see Figure).

~HANG-
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Step 2 Setting the Anchors

~-————— 5/8-11 X8 STUD

5/8 -11 HEXNUT
STEP 2 LOCATION

LONG THREADED
END DOWN FOR
STEP 2 ONLY!

FLOOR PLATE

5/8 WASHER /

STEP 2 LOCATION

5/8-11 X21/8 L
COUPLING NUT J

LEVEL AFTER
INSTALLATION

\ EPOXY
S~

EPOXY
LEVEL BEFORE
INSTALLATION

5/8 -11 X6 HHB

Step 2 diagram

Mix the epoxy according to the manufactures instructions. Working time for the epoxy is approximately 30 - 35
once it is mixed together.

Fill the hole until the epoxy is approximately 2 inches from the top of the hole (Refer to Figure).

Important! Do not overfill the hole because the epoxy will rise once the assembly is placed into the
hole. Make sure that the epoxy does not seep onto the top of the coupling nut or you may not be
able to remove the stud.

Place the anchor assembly into the hole (stud end sticking up), then lift the assembly out of the hole like a
dipstick and check to see how much of the coupling nut is covered in epoxy. At least half of the nut must be
covered in epoxy. At this point work as quickly as possible since the epoxy will begin to harden.

Use a carpenter’s square to make sure the studs are perpendicular to the floor.

The epoxy will take 18 - 24 hours to cure.

96-8000 -///‘WF 17
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FinaL ANCHORING

CAUTION! The Initial Setup and Leveling Procedures must be completed before final
anchoring.

Once the epoxy has cured remove the studs, the floor plates, and the 5/8 nut and washers, from each hole.
Move the machine into position.

Screw the short threaded end of the studs into the coupling nuts, making sure the base casting does not
interfere with the studs.

Assemble the anchors as shown in the Figure.

5/8 -11 HEXNUT
STEP 3 LOCATION

5/8 WASHER
.'-'. / STEP 3 LOCATION

ANCHOR STRAP

% - 10 HEXNUT
LONG THREADED
END UP FOR
FINAL ASSEMBLY !

¥%-10 X6 HHB

-——— 5/8-11X83TUD

FLOOR PLATE

5/8-11 X21/8
COUPLING NUT

5/8 -11 X6 HHB

Final Anchor assembly

18 —///W; 96-8000
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The anchor bolts must be torqued in three increments. Once the machine is level, torque the anchors to 30 FT-
LB. in the pattern shown below, then recheck the level. At this point it is possible to adjust the leveling screws
without loosening the anchors, if needed.

@ @ S o, e
1 3 5
SIX ANCHOR FOUR ANCHOR
TORQUE PATTERN TORQUE PATTERN
2 4 6 1 4
D @ o © &

Machine torque patterns

Continue to torque the anchors up to 50 FT-LB. in the same pattern, then recheck the level and make any
necessary adjustments.

Finally torque the anchors to 80 FT-LB and recheck the level. At this point you will only be able to make very
minor adjustment without loosening the anchors.

Do not overtighten the bolts or you could crack the concrete!

96-8000 —///WF 19
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ANcHOR PaTTERN: VF-0O/E/1/2

2050 = |
I

@ (52.1 cm) ® )

Note: Foundation must

extend at least 1ft. from

bored holes. 59.00
(149 9 cm)

MACHINE
FRONT

m———— -~ ——_FOUNDATION LINE - = —— = — = —— = ——;

(4X) 1.50@ X 8.5 DP
((4X) 3.80 X 21.6 cm DP)
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MacHINE FoorPrinT: VF-0O/E/1/2

47.00 MINIMUM, LOCATION OF THE FIRST HOLE
(119.4 cm)

3.70 - 29.30 =
- (74.4 cm)

67.40
(171.2 cm)

- 8800 -

(223.5 cm)

20.75
" (52.7 cm)‘ =

66.00
(167.7 cm)

COOLANT TANK/

96-8000 NG - 21
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ANCHOR PATTERN: VF-3/4

E— 42,75 —

(108.6 &m)

28.50
(72.4 cm)

70.00
(117.8 cm)

Note: Foundation must
extend at least 1ft. from
bored holes.

MACHINE
FRONT

(112.4 cm)

T T T T T T T TTTT"T="FOUNDATION LINE~-~——~~—~-~-=-===-===—-7

(6X) 1.502 X 8.5 DP
((6X) 3.80 X 21.6 cm DP)
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MacHINE FooTPrINT: VF-3/4

INSTALLATION

4.70 52.00 MINIMUM, FIRST HOLE
(11.9cm)—]| |- (132.0 cm)

%A@D l

APC APRON
— IF AVAILABLE

97.00
(246.4 cm)

56.00
(142.3 cm)

BASE
CASTING

FRONT ¢

B

3.20

; |
\ \ / (8.1 cm)

88.00

(223.5 cm)

2075
(52.7 cm)‘ =~

66.00
(167.7 cm)

COOLANT TANK

23

~//M5-

96-8000



INSTALLATION

24

ANCHOR PATTERN: VF-5

Note: Foundation must
extend at least 1ft. from
bore holes.

(6X) 1.502 X 8.5 DP
((6X) 3.80 X 21.6 cm DP)
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42.75
(108.6 cm)

MACHINE

FRONT

(110.5 cm)

©

6.37

(16.2 cm)

30.00
(76.2 cm)

76.125
(193.4 cm)

June 1999
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MacHINE FooTPrRINT: VF-5

4.92 -
(12.5 cm) 53.00 MINIMUM, FIRST HOLE
(134.6 CM)

101.00
(256.5 cm)

63.50
(161.3 cm)

5.50
(14.0 cm)

- 137.00 -—

(348.0 cm)

20.75
=(52.7 cm)‘ -

66.00
(167.7 cm)

COOLANT TANK/

96-8000 NG - 25
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73.00
127.0 cm
60 57.75 60
111.2 cm 146.7 cm 111.2 cm
e e -
i i
1
' 1
' 1
1 '
' 1
| |
'
1 '
R | @ 7 T Y W
I
i
'
1
-
: , 43.75 ’
1 111.2 cm
1
'
'
|
'
50.00 !
127.0 cm [ 77.50
) 196.9 cm
1
: p o—
|
| (6X) 1.500 X 8.5 DP
i ((6X) 3.8@ X 21.6 cm DP) MACHINE
1 FRONT
1
1
B + ‘. T
| & ® L |
'
1
201.50 FOUNDATION LINE
| 511.8 cm

Note: Foundation must extend at

least 1ft. from bored holes.

Machines with outriggers must have
the foundation extend at least 1 ft. from
the outrigger leveling pads.

26
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MacHINE FooTPrRINT: VF-6

60.00 INCHES MINIMUM, FIRST HOLE

4.95 (152.4 cm)
(12.5 cm)—¢
BASE
CASTING 73.00
(185.4 cm)
FRONT %

(55.9 cm) m

(156.00)
(396.3 cm)

40.20
| (102.0cm)

=

72.80
(185.0 cm)

COOLANT TANK

96-8000 NG - 27
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MacHINE FooTPRINT: VF-7
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60.56
(154.0 cm) 60.00 INCHES MINIMUM, FIRST HOLE
(152.4 cm)
4.95
(12.5 cm)—¢
BASE
CASTING 72.40
(183.9 cm)
FRONT E%]
—] 2200 |~=-——r L j
(55.90m)‘ 18104
(459.8 cm)
40.20
| (1020cem) |

72.80
(185.0 ¢

COOLANT TANK

m)

~//M5-
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MacHINE FoorPrINnT: VF-10
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VMC Outriggers

ft———————————— 9850

(250.2 cm)

72.50
(184.5 cm)

(12.;5 cm)

52.00
(132.1 cm)

60"

60.00 INCHES MINIMUM, FIRST HOLE
(142.

4 cm)

[ON

g

d &

TT

A b

18

@

INSTALLATION

50

257.00

96-8000

(652.8 cm)

40.20
(102.0 cm)

72.80
(185.0 cm)

COOLANT TANK /

~//M5-
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ANcHOR PATTERN FOR Vi

73.00
127.0 cm
60 57.75 60
111.2 cm 146.7 cm 111.2 cm
____________________________________ ,
Py
§ N2

! 42.00
1106.7 cm

S PP Ip —_

T - 94/00 r
| 238.8 cm |
(6X) 1.500 X 8.5 DP

((6X)3.8@ X 216 cm DP)

I 1
I 1
1 1
1 1
1 1
! :
1 1
1 1
1 1
1 1
1 1
I 1
! i
I 1

MACHINE I
! 81.00
50.00 1 FRONT '
127.0cm : : 205.7 cm
1 1
1 1
1 1
1 1
1 1
i I
1 1
1 1
1 1
1 1
1 1
i i
1 1
1 1
1 1

OUTRIGGER FOOT / # 24.00
FOUNDATION LINE 61.0cm

201.50
511.8 cm

Note: Foundation must extend at
least 1ft. from bored holes.

Machines with outriggers must have

the foundation extend at least 1 ft. from
the outrigger leveling pads.
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MacHINE FooTPRINT: VF-8

INSTALLATION @

60.00 INCHES MINIMUM, FIRST HOLE
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(332.8 cm)
BASE
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—=] 22.00

~—— 60.56 —=]

(153.8 cm)
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(131.00)

(332.7 cm)
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CASTING

FRONT ?

(55.9 cm)

A

72.80
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(181.10)
(459.8 cm)

40.20
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MacHINE FoorpPrinT: VF-11

52.00 MIN.
(132.0cm) 60,00 MIN.
(152.4 cm)

- 9860 DOOR
(250.0 cm) l SWING

37.35
(64.9 cm)

1

BASE
CASTING

159.60
(405.4 cm)

FRONT
1

257.00
(652.8 cm)

44 (1(;129-022m) }*7

72.80
(185.0 cm)

COOLANT TANK —/
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INITIAL SETUP

WARNING!

At this point, there should be NO electrical connection to the machine. The electrical panel should be closed
and the three latches on the door should be secured at all times except during installation and service. At
those times, only qualified electricians should have access to the panel. When the main switch is on, there is
high voltage throughout the electrical panel (including the circuit boards and logic circuits) and some compo-
nents operate at high temperatures. Therefore, you must exercise extreme caution when you are working in the
panel.

1. Set the main switch at the upper right of the electrical panel on the back of the machine to OFF.

2. Using a screwdriver, unlock the two latches on the panel door, unlock the cabinate with the key,
and open the door.

3. The manuals are located at the bottom left of the panel.

4. Take sufficient time to check all the components and connectors associated with the circuit
boards. With the power off, push on them gently to make sure that they are seated in their sock-
ets. Look for any cables that have become disconnected, look for any signs of damage and loose
parts in the bottom of the panel box. If there are any signs that the machine was mishandled, be
extremely careful in powering up the machine (be ready to shut it off IMMEDIATELY). Or if there
are obvious problems, call the factory BEFORE proceeding.
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AIrR CONNECTION

CAUTION! Working with the air service required for VMC can be hazardous. Make sure
that pressure has been removed from the air line before you connect it to
the machine, disconnect it from the machine, or service parts of the air
system on the machine.

Pressure Gauge
Hose Barb (Shop Air)
Tool Changer Air Line
5th Ax A|r Line

Air Filter / Regulator

Bijur Lubricator

1. When the machine leaves the factory, the air filter is empty, and air lubricator and the lubricator
reservoir tank are full. However, they should be checked and serviced if required before compressed
air is supplied to the machine.

2. With the pressure off in the air line, connect the air supply to the hose barb next to the air filter/
regulator (below the electrical panel). If the fitting supplied is not compatible, simply replace it.

3. Start the compressor, set it between 100 and 150 PSI. Set the regulator on the machine to 85 to
90 PSI.

4. Prime the Bijur lubricator to make sure it is working. To prime the lubrication system, pull up on
the handle on top of the reservoir tank. CAUTION! NEVER push down on the primer handle! It
gradually returns to the down position by itself, and the corresponding pressure increase can be
seen on the pressure gauge.

NOTE: Depending on the position of the cam that drives it, the lubrication system may
not activate until a few minutes after the machine is started. However, if there
is a problem with the system, an alarm will stop the machine.
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OpPTIONAL CHIP AUGER INSTALLATION

1. Unpack the auger and discharge tube.

Motor Hub

Set Screw

2. Slide the auger into the discharge tube opening and then slip opposite end onto motor hub.
Fasten to motor hub with the 5/16-18 x 2%%” bolt.

3. Install gasket and slide the discharge tube up and onto studs. Attach the eight nuts with locking
washers and tighten uniformly.

4. After machine start-up, check the operation of the auger to ensure the direction of rotation will
move the chips toward the discharge tube. If the auger is turning so that the chips are not being
moved toward the discharge tube, change the bit switch in PARAM 209 from 1to0or0to 1to
establish a new forward direction.

MAINTENANCE

During normal operation, most chips are discharged from the machine at the discharge tube. However, very
small chips may flow through the drain and collect in the coolant tank strainer and pan coolant drain (under the
pan). To prevent drain blockage, clean this trap regularly. Should the drain become clogged and cause coolant
to collect in the machine’s pan, stop the machine, loosen the chips blocking the drain, and allow the coolant to
drain. Empty the coolant tank strainer, then resume operation.

Note:  Auger and discharge tube are subject to wear. Abrasive swarf, hard steel chips
and continuous use will accelerate this wear
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96-8000

ELEcTRICAL CONNECTIONS

1.

NOTE: The machine must have air pressure at the air gauge, or a "Low Air Pressure"
alarm will be present on power up.

CAUTION! Working with the electrical services required for the VMC can be extremely
hazardous. The electrical power must be off and steps must be taken to
ensure that it will not be turned on while you are working with it. In most
cases this means turning off a circuit breaker in a panel and then locking the
panel door. However, if your connection is different or you are not sure how
to do this, check with the appropriate personnel in your organization or
otherwise obtain the necessary help BEFORE you continue.

WARNING!

THE ELECTRICAL PANEL SHOULD BE CLOSED AND THE THREE LATCHES
ON THE DOOR SHOULD BE SECURED AT ALL TIMES EXCEPT DURING IN-
STALLATION AND SERVICE. AT THOSE TIMES, ONLY QUALIFIED ELECTRI-
CIANS SHOULD HAVE ACCESS TO THE PANEL. WHEN THE MAIN CIRCUIT
BREAKER IS ON, THERE IS HIGH VOLTAGE THROUGHOUT THE ELECTRICAL
PANEL (INCLUDING THE CIRCUIT BOARDS AND LOGIC CIRCUITS) AND SOME
COMPONENTS OPERATE AT HIGH TEMPERATURES. THEREFORE, EXTREME
CAUTION IS REQUIRED.

\ L1 L2 L3
BBBR®®1® 3
Ground Line 5 5 S h
1 ° g ° g J
el ®
40
T5 Transformer
®
Q
=) = g
7 )
Main Switch

Hook up the three power lines to the terminals on top of the main switch at upper right of electrical
panel and the separate ground line to the ground bus to the left of the terminals.

WARNING!

THROUGH THE SPINDLE COOLANT (TSC) PUMP IS A THREE PHASE PUMP
AND MUST BE PHASED CORRECTLY! IMPROPER PHASING WILL CAUSE
DAMAGE TO THE TSC PUMP AND VOID THE WARRANTY. REFER TO THE
TSC START UP SECTION.

THE 50 TAPER SIDE MOUNT TOOL CHANGER HAS A THREE PHASE MOTOR
WHICH MUST BE PHASED CORRECTLY. CHECK DIRECTION OF CAROUSEL
ROTATION TO VERIFY PROPER PHASING.

~HANG-
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NOTE: Make sure that the service wires actually go into the terminal-block clamps. (It
is easy to miss the clamp and tighten the screw. The connection looks fine but
the machine runs intermittently or has other problems, such as servo over-
loads.) To check, simply pull on the wires after the screws are tightened.

2. After the line voltage is connected to the machine, make sure that main circuit breaker (at top-
right of rear cabinet) is OFF (rotate the shaft that connects to the breaker counterclockwise until it
snaps OFF). Turn ON the power at the source. Using an accurate digital voltmeter and appropriate
safety procedures, measure the voltage between all three pair phases at the main circuit breaker
and write down the readings. The voltage must be between 195 and 260 volts (360 and 480 volts for
high voltage option).

NOTE: Wide voltage fluctuations are common in many industrial areas; you need to
know the minimum and maximum voltage which will be supplied to the
machine while it is in operation. U.S. National Electrical Code specifies that
machines should operate with a variation of +5% to -5% around an average
supply voltage. If problems with the line voltage occur, or low line voltage is
suspected, an external transformer may be required. If you suspect voltage
problems, the voltage should be checked every hour or two during a typical day
to make sure that it does not fluctuate more than +5% or -5% from an average.

CAUTION! Make sure that the main breaker is set to OFF and the power is off at your
supply panel BEFORE you change the transformer connections. Make sure
that all three black wires are moved to the correct terminal block and that
they are tight.

3. Check the connections on the transformer at the bottom-right corner of the rear cabinet. The three
black wires labeled 74, 75, and 76 must be moved to the terminal block triple which corresponds to
the average voltage measured in step 2 above. There are four positions for the input power for the
260 volt transformer and five positions for the 480 volt transformer. The input voltage range for each
terminal is as follows:

HIGH VOLT LOW VOLT

[ O ) /1N 1 [ O o) /v |1
45 &

——INPUT TERMINALS (FROM CONTACTOR K1)

—] ——INPUT TERMINALS (FROM CONTACTOR K1) ———
HIGH\/OLT} 488-458V | 457420V | 428403V | 402-377V | 376-354V |

I I I I I
.............. X 243-227V_| 226211V |

]
210-195V |
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4. Setthe main switch to ON (rotate the shaft that engages the handle on the panel door clockwise
until it snaps into the ON position). Check for evidence of problems, such as the smell of over-
heating components or smoke. If such problems are indicated, set the main switch to OFF
immediately and call the factory before proceeding.

T5 Transformer

EIEIE]

5350500 (|0

5. After the power is on, measure the voltage across the upper terminals on the contactor K1 (located
below the main circuit breaker). It should be the same as the measurements where the input
power connects to the main breaker. If there are any problems, check the wiring.

6. Apply power to the control by pressing the Power-On switch on the front panel. Check the high
voltage buss on the Vector Drive (pin 2 with respect to pin 3 on the terminal bus at the bottom of
the drive). It must be between 310 and 360 volts. If the voltage is outside these limits, turn off the
power and recheck steps 2 and 3. If the voltage is still outside these limits, call the factory. Next,
check the DC voltage displayed in the second page of the Diagnostic data on the CRT. It is labeled
DC BUS. Verify that the displayed voltage matches the voltage measured at pins 2 and 3 of the
Vector Drive +/- 7 VDC.

7. Turn off the power (rotate the shaft that engages the handle on the panel door counterclockwise
until it snaps into the OFF position). Also, set the main switch handle on the panel door to OFF.
(Both the handle and the switch must be set to OFF before the door can be closed). Close the
door, lock the latches, and turn the power back on.

8. Remove the key from the control cabinet and give it to the shop manager.

Transformer (t5) supplies 24 VAC to K1 contactor coil. this tansformer has a multi-tap wiring at the primary side
200/240V (360/400/480V version for high volt machines).

Note: Choose the correct tap according to the incoming power to the CNC machine.
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MAacHINE START UP

1. Onthe VF-0/1/2/3/4: before POWERING UP machine, remove the tie wrap that holds the flex tube
in place.

2. Loosen the four SHCS (three screws are in the table, and one is in the spindle head) holding the
shipping bracket under the spindle head, and remove the bracket.

3. With the main switch on the electrical panel set to ON, press and release POWER ON at the
upper left of the control panel. You will hear a click in the back of the machine and the fans will
energize. (If you don’t hear these sounds, the machine is not getting power and, with all neces-
sary safety precautions, you should check the connections to the electrical panel.) After a few
seconds, the display will appear on the screen.

CAUTION! DO NOT press POWER UP/RESTART on the control panel while the shipping
bracket is under the spindle. Also, do not touch the X, Y, or Z buttons or the
jog handle while the shipping bracket is located under the spindle.

4. Press and release SETNG GRAPH. Then page down to the last page (press and release PAGE
DOWN several times). Cursor to Setting 53, JOG W/O ZERO RETURN (with the cursor down
key). Press and release the cursor right key and then press and release the WRITE key at the
extreme lower right of the control panel to turn this setting on. Turning on JOG W/O ZERO RE-
TURN bypasses the zero return interlock.

NOTE: This setting, like many others, resets to OFF when the machine is powered up.
This prevents the machine from operating until a zero return has been
executed — the machine control cannot determine position until it has been
set by a zero return routine. For this reason, it is important that you execute a
zero return immediately each time the machine is started for normal operation
BUT NOT FOR THIS START-UP ROUTINE.

5. Press and release the RESET button twice, or until you have no alarms, to turn the servos on.
(The message “ALARM” appears at the lower right of the screen if one or more alarms are in
effect.)
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NOTE: If any alarms are present and cannot be cleared with the RESET button, press
and release the ALARM MESGS button for more information on the alarms. If
you are unable to clear the alarms, write down the alarm numbers and call the
factory.

6. Press and release the HANDLE JOG button and check the screen for the “*JOGGING Z AXIS
HANDLE .001” message. Verify that the head will travel SLOWLY (not more than 0.001 inch per
impulse — the ".001" part of the Z-axis message). If the message does not read .001, press and
release the .001 button next to the HANDLE JOG button.

NOTE: The upper numbers on the buttons next to HANDLE JOG are for the jog handle
use, and the lower numbers the jog speed in inches per minute when using
the JOG buttons on the keypad. Ifthe "JOGGING__" message shows the X- or
Y-axis instead of Z, press and release the +Z button.

7. Forthe VF-0/1/2/3/4, jog the Z-axis to the top of it's travel, and remove the flex tube cradle (as
shown).

IR
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8. Once you are certain that the Z-axis is working correctly (that it operates smoothly and there are
no strange noises, etc.), make sure that all alarms are clear — check for the “ALARM” message at
the lower right of the screen. Next, close the doors and press and release the ZERO RETURN
button followed by the AUTO ALL AXES button. The Z-axis moves up slowly. Then, after it has
reached its home position, the X- and Y-axes move to their home positions.

CAUTION! Ifyou hearany strange noises, hitthe EMERGENCY STOP button immediately
and call the factory.

IMPORTANT!! To verify correct hydraulic counterbalance pressure, jog the head to the top of its travel and
check pressure with those printed below and on the tank.

VF-6/7/10 VF-50 VF-50
VF-O/1/2/6/7/8/10 w/50T Spindle VF-3/4 w/40T w/50T
Machine at top of travel 750 psi 1150 psi 1150 psi | 950psi | 1100psi
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CooLANT TANK INSTALLATION

1. Position the coolant tank under the left side of the machine as shown.
2. Connect the main coolant line (3/4" O.D.) to the main pump.
3. Connect the main pump power line to the outlet on the right side of the electrical panel.

4. If machine includes Through the Spindle Coolant option, attach the 3/4" O.D. coolant line to the
TSC pump.

NOTE: The TSC power line is hard wired to the main pump power line.

ENLEN ) DY
Wash Down Hose ‘ °
Coolant Pump
PowerLline g \
‘ ik ) —

TSC Filter
/ 100 Micron

Main Coolant

) High Pressure

Pump Line

3/4"pO.D. Main Low Pressure Au)gl._gcl:Jmp
Coolant Pump Intake Filter ~ (TS€)

5. Fill coolant tank with coolant (approximately 40 gallons). VF-6 through 10 (approx. 80 gallons)

NOTE: Before operating the coolant system, ensure the drain is positioned half way
over tank strainer.

6. Route the coolant return hose as shown.
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Coolant
Return
Hose

THROUGH THE SPINDLE COOLANT SYSTEM STARTUP

WARNING!

THROUGH THE SPINDLE COOLANT (TSC) PUMP IS A THREE PHASE PUMP
AND MUST BE PHASED CORRECTLY! IMPROPER PHASING WILL CAUSE DAM-
AGE TO THE TSC PUMP AND VOID THE WARRANTY.

1. Fill the coolant tank with coolant and connect all hoses and power cords. Zero Return the ma-
chine.

2. Switch to MDI. Turn on TSC by pressing the AUX CLNT button on the control panel. Quickly go to
the back of the machine and check if the TSC pump motor is turning. Check if the pump is pulling
coolant up the clear intake hose. If it is, the machine is properly phased. If it is not pumping
coolant, immediately stop the pump by pressing the RESET button. Check that the intake hose
connection is tight. The pump cannot prime itself if the intake hose is loose. If the motor is not
turning, check that the power cords are connected and the circuit breaker inside the control box is
on.

The TSC pump will not pump if it is rotating backwards. The motor rotation should be counterclockwise when
viewed from the fan end. If the motor is rotating in the correct direction, but the pump is not pumping, call your
Haas Service Technician.

Caution: Running The TSC pump dry for more than 60 seconds can cause serious damage to the pump.

96-8000 —///W; 43




OPERATORS IMIANUAL

3. Ifthe machine is improperly phased perform the following procedure:

a. Make sure there is no power at the input side (top) of the main circuit breaker.
MEASURE THE VOLTAGE!

b. Exchange any two wires at the input side (top) of the main circuit
breaker as shown.

Main circuit breaker

C. Close the control box.

d. Return to Step 1 and test for proper phasing.
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OpPtiOoNAL AUXILIARY FILTER FOR TSCHP SYsTEM

AppPLICATION

This Auxiliary Filter is used to protect the high pressure TSC pump from particle damage. It is recommended
for customers doing medium to high production machining of cast aluminum, cast iron or titanium. It may also
be useful for customers who perform high speed milling operations and produce small powder-like chips.

The filter unit consists of a #2 filter bag, filter housing, pipe fittings and hoses. The large size of the filter bag
will extend the time interval between bag changes. To reduce wear and prolong the filter system, a small plastic
hose is connected between the filter housing and the primary coolant pump to prime the system with coolant.
The filter is automatically topped off whenever P-Cool is used. The amount of flow through the priming hose has
an unnoticeable effect on normal coolant operation.

=

TSC Filter assembly
W 100 Micron

TSC Coolant
Pump assembly

Primary
Coolant Intake Filter
Pump assembly

Auxiliary Filter
Assembly

Figure 1.0 Stock Filtration Setup Figure 2.0 Filtration Retrofit

INsSTALLATION

1. Place the filter assembly approximately six inches behind the coolant tank, for tanks that pull out
from the side or for Horizontal machines. For large vertical machines, place the filter one foot
behind the enclosure with the inlet turned to the left so the hinged lid does not strike the enclosure
when it is opened for filter changes. For tanks that pull out from the rear of the machine, place the
Auxiliary Filter beside the coolant tank next to the enclosure.

2. Secure the filter unit to the floor using 1/4” concrete anchors. (not provided)

3. Using a pipe wrench, turn the tee on top of the intake filter clockwise 1/8 turn so the hose is
between the wing nuts. Remove the wing nuts from the filter and pull off the cover. Remove the filter
element and re-install the cover with the hose pointing out toward the edge of the coolant tank.
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For large vertical machines, remove the original hose from the intake filter and replace with the
longer hose included in the kit. Secure it to the hose barb using the supplied hose clamp. The
hose may be trimmed shorter if desired for appearance. Attach the hose from the intake filter to the
inlet of the auxiliary filter.

Disconnect the 1/2” check valve from the 45° elbow at the base of the normal coolant pump. Install
the 1/2” street-tee from the kit between the 45° elbow and the check valve. Install the pipe reducer
from the kit into the side outlet of the street-tee. Install the 1/4" push-in elbow into the pipe re-
ducer. (See figure 3.0).

Note: The cap of the check valve should point upward for the check valve to function
properly.

Push-in Elbow

1/4“ O.D.
Plastic Hose

/g § Check

Reduce Valve
4 1/2" Street
Tee
45° Elbow

Figure 3.0 Auxiliary Filter Priming System

Insert the 1/4" OD plastic hose into the push-in elbow on the pump. Route the hose along the
intake filter hose and around the hinge of the auxiliary filter. Trim the plastic hose to length and
insert it into the push-in elbow at the top of the filter. Secure the plastic hose to the inlet hose with
the supplied cable ties. (See figure 3.0).

Attach the hose from the bottom of the auxiliary filter to the inlet of the TSC gear pump.

Check that the filter lid is securely closed. Using a wrench handle or metal bar, tighten the two rear
bar nuts first and then the front pair. Torque the bar nuts according to the manufacturer's recom-
mendations. (approximately 30-50 ft-Ibs)
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9. Run the primary coolant system for four minutes to prime the bag filter housing before using the
TSC system.

Figure 4.0 Filter Gauge Indicator

REpPLACEMENT FILTER BAaGs

Change the filter bag when the filter gauge indicator displays a vacuum level of -5 inHg or more. Do not allow
the suction to exceed -10 inHg or pump damage may occur (refer to figure 4.0). HAAS recommends using 25
micron rated filter bags (one is provided with the unit). Replacement bags can be purchased from local filter
suppliers or from HAAS (Part No. 93-9130). (Finer micron ratings can be used if desired)
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LEVELING THE VvMC

Leveling of the machine is required to obtain the correct right angle geometry of the VMC's X, Y, and Z axes.
Incorrect level will result in out-of-round circle milling and incorrect linear interpolation.

Leveling is done in two steps: rough leveling to ensure the machine is level for coolant and oil drainage, and
fine leveling for axes' geometry. Finally, the spindle sweep is checked. Leveling is done without removing
any covers.

NOTE: Many factors can affect a machine’s ability to remain level — the rigidity of the
floor, the stability of the support under the floor, trains or trucks passing nearby,
seismic activity, and so on. Therefore, until your experience shows how often
re-leveling is required, you should check the machine’s level frequently after
it is installed.

Use a precision bubble level with each division equal to 0.0005 inch per 10 inches, or .05 mm per meter, or 10
seconds per division. Before starting, check the accuracy of your level. Set it on the table on the X-axis and
record the reading. Then turn it 180° and the reading should be the same. Ifit is not, the level is out of calibra-
tion and should be adjusted before you continue.

RoucH LEVELING

48

NOTE: Be sure to have removed the plastic bolt covers from the retaining bolts before
continuing.

NOTE: Forthe VF-0/1/2, it may be necessary to pull the coolant tank toward the back
of the machine to access the leveling screws.

~HANG-
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1. Screw the four leveling screws at the corners through the base until the base is 272" to 3" above
the floor. That translates into a minimum of one inch of the leveling screw extending out of the
bottom of the base of the machine, or one inch between the pads and the casting. Turn each
screw until the tension is about the same as the tension on the other screws (it takes the same
effort to turn each screw).

2. Install the two center leveling screws, ensuring that they do not touch the floor.

3. Use HANDLE JOG set for 0.01 on the X- and Y- axes for the leveling procedure. (See the "Intro-
duction" section for details on selecting jog rate and axis.) This provides a good rate of travel as
you manually move the table.

4. Using the jog handle, center the table under the spindle. You do not need to move the table while
rough-leveling the machine.

5. Place the level parallel to the X-axis (side-to-side) on the table and observe the bubble. If the
bubble is centered, the table is level on this axis. If the bubble is off to the left of the level, it means
that the left side of the table is high. And, conversely, if the bubble is off to the right, it means that
the right side of the table is high.

NOTE: Each time you read the level, make sure that the bubble has steadied before
you take the reading.

6. Turn the screws on the low side of the machine clockwise (screw them in) a little at a time and
check the level until the bubble is centered.

NOTE: In most cases it is better to raise a side or corner than it is to lower it — when
you lower a machine there is a greater risk of running out of adjustment.

7. Repeat the previous steps with the level on the Y-axis (front-to-back).

8. Continue this process until the machine is level on both axes.

NOTE: Ifthe levelis off on both axes, it indicates that one corner of the machine is high
or low.
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9. As the process continues, the leveling screws are turned in smaller increments — 1/4 turn, 1/8
turn, and smaller. Also, as the machine is leveled, make sure that the tension continues to be
equal on the screws at all four corners.

NOTE: The following procedure for fine leveling the machine must be performed
exactly as noted to ensure machine will meet all quality standards for machin-
ing operations. Failure to follow these guidelines will prevent the machine
from being truly leveled and result in poor machining finishes.

FINE LEVELING

10. With the table centered, place the bubble level in the center of the table parallel to the X-axis.
Using the jog handle, move the Y-axis, stopping at the front, middle, and back of the travels. The
objective is to adjust the level to make the Y-axis guides parallel. The bubble level must indicate
the same reading at each position (front, middle, back). Note the movement of the bubble and if
the table is at front or back of travel. If the bubble moves, for example, to the right and the table is
at the front of the travel, lower the right front corner adjustment screw slightly. Repeat the proce-
dure until you get the bubble steady from front to back. This is the only leveling adjustment that
can be done.

The following procedure is simply a check of machine level. If it does not meet specifications, then you must
repeat this operation. Do not adjust the middle screws at this point.

Refer to the Machine Inspection Report that accompanies your machine. Check your results with those of the
report under the Table Travel Flatness verification. By duplicating these results exactly, you will obtain the
same alignment specifications that were achieved at the factory.

11. Place a 0.0005 test indicator in the spindle and sweep a 10" diameter circle on the table (See the
Machine Inspection Report in the manual for the results of this test at the factory). Grease the
dimple in each of the two remaining pads, locate them under the middle leveling screws, and use
these screws to compensate for any error. If there is no error, tighten the screws evenly until they
contact the pads.
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OUTRIGGER LEVELING PROCEDURES

NOTE: The standard VMC leveling procedures must be completed before starting this
section.

VMC Outriggers

BASE
= CASTING @

| I
FRONT

VMC Outrigger Locations

1. Locate the leveling pads underneath the outrigger leveling screws. Grease the dimples and keep
the screws at least 1/4" above the pads.

2. Place alevelin the center of the table and parallel to the X-axis.
3. Jog the Y-axis back (toward the column) max travel.

4. Starting from either left or right of the machine, jog the table to the max X-travel and over the rear
outrigger leveling screw. DO NOT MOVE THE LEVEL.

Outrigger Leveling Screw Locations
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5. Lower the leveling screw onto the rear pad. Raise the table to zero the level.

6. Jog the Y-axis forward to max travel and lower the leveling screw onto the front pad. Raise the
table to zero the level.

7. Jog the X-axis to max travel over the other outrigger. Jog the Y-axis to the rear (toward column)
max travel.

8. Repeat steps 5 and 6.

9. Check level through full X and Y range of travel.

CAUTION! Over tightening the outrigger leveling screws will result in poor machine
performance.

SPINDLE BREAK-IN

Caution! Spindle break-in program must be run before spindle can be run above 1000
RPM. Failure to run this program can result in spindle over heating and
failure.

Before running the spindle, a spindle break-in must be performed. A program has been supplied with the
machine, which will slowly run the spindle up to speed (approx. 2 hrs.). This will purge out any oil which may
have settled at the nose of the spindle, due to long idle time. The program is # 002021 Spindle Break-In and
will be used for all spindle types and RPM's. For machines equipped with 7,500 RPM or 10,000 RPM spindle
run the above programs with spindle speed override at 100%. For machines equipped with 15,000 RPM spindle,
run spindle speeds overrides at 150%. For machies equipped with a 50 taper spindle, run spindle speed
override at 50%.

If this program was not supplied with the machine, contact your dealer.

The spindle should be checked periodically for spindle temperature rise. If the temperature rises above 150
degrees, start the program from the beginning (refer to service manual for overheating troubleshooting).
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PREPARATION FOR SHIPPING THE VMC

NOTE: See the illustrations in the "Installation" and "shipping the Machine Without a
Pallet" section for additional information.

IMPORTANT!

1. All of the warnings and cautions in the previous sections of this manual apply to preparation for
shipping — review them carefully.

2. Oncethe VMC is crated, the crate must be covered with waterproof tarpaulins any time there is a

chance it can be exposed to rain, splashing from wet roads, or other conditions where it could get
wet.

3. Parts of an unprotected VMC can be damaged by heavy tarps, indiscriminate use of tie-downs,
etc. Therefore, unless a machine is being moved a short distance by professional machinery
movers, it must be prepared for shipping and crated according to the following outlines.

TOOLS REQUIRED
Staple gun Claw hammer

9/16" hex wrench 3/4" wrench
11/8" wrench

Forklift with the following specifications:

VF-O/E | VF-OE/EXT | VF-1 | VF-2 | VF-3 VF-4 VF-5/40
Machine Weight * 7,000 7,900 7,100 | 8,000 | 12,500 | 13,000 14,500
Fork Length 8' 8' 8' 8' 8' 8' 8'

VF-5/50 VF-6 VF-7 | VF-8 VF-9 VF-10 VF-11
Machine Weight* | 14,600 2,100 23,000 | 24,000 | 25,000 | 28,000 29,400
Fork Length 8' 8' 8 8' 8 8' 8'

* The forklift must be capable of lifting at least this weight.

Cleaning

Clean the machine as necessary before preparing it for shipping.
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MATERIALS REQUIRED
One crate (including pallet and 40 corner clips) 3/8" x 3" lag bolts (18)
3/8" washers (18) 6-mil plastic sheet
6-mil plastic cover Coolant box (cardboard)
Wire ties Foam pads
Fiber banding 7-13 x 10" bolts (4)
72" washers (4) ¥2-13 Nylock nuts (4)

54

16d nails (as required)

Lock Up THE MacHINE FOR SHIPPING

1.

Remove any tools from the tool carousel and spindle.

Clean the interior of the enclosure, including the windows, as necessary. After cleaning, spray all
metal parts around the way covers, table, spindle (including up into the spindle), with rust preven-
tive oil. (See the cautionary notes on cleaning the machine in the "Maintenance" section.)

Use the jog handle to center the table under the spindle.
NEVER PUT ANY SUPPORT ON THE SPINDLE!! THIS WILL DESTROY THE SPINDLE BEAR-
ING!!!

Set the shipping bracket on the table, then use the JOG HANDLE to bring the head down until it
rests on the bracket. Attach the shipping bracket to the table and head with the four SHCS.

Press EMERGENCY STOP and the machine is locked up for shipping.
Power down (press the POWER OFF button at upper left of control).

Remove the discharge tube. Remove the chip conveyor from the motor hub. Pack them both for
shipping.

Place all loose items in the drain bucket. These items include the control cabinet key, washdown
kit, brush, leveling feet, and the leveling screws.
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DiscONNECT SERVICES

WARNING!

WORKING WITH THE ELECTRICAL AND AIR SERVICES REQUIRED FOR VMC
CAN BE EXTREMELY HAZARDOUS. MAKE SURE THAT PRESSURE HAS BEEN
REMOVED FROM THE AIR LINE BEFORE YOU DISCONNECT IT FROM THE
MACHINE. SIMILARLY, THE ELECTRICAL POWER MUST BE OFF AND STEPS
MUST BE TAKEN TO ENSURE THAT IT WILL NOT BE TURNED BACK ON
WHILE YOU ARE WORKING WITH IT. IN MOST CASES THIS MEANS TURNING
OFF A CIRCUIT BREAKER IN A PANEL AND THEN LOCKING THE PANEL DOOR.
HOWEVER, IF YOUR CONNECTION IS DIFFERENT OR YOU ARE NOT SURE
HOW TO DO THIS, CHECK WITH THE APPROPRIATE PERSONNEL IN YOUR
ORGANIZATION OR OTHERWISE OBTAIN THE NECESSARY HELP BEFORE
YOU CONTINUE.

1. Disconnect the air supply line at the pressure regulator (below the electrical panel on the back of
the machine).

2. Turn off the electrical power to the machine at its source (see the caution at the beginning of this
section).

3. Set the main switch on the machine (upper right of the electrical panel on the back of the machine)
to OFF.

4. Release the three latches along the edge of the panel door and open the door.

20036 83 B

Ground Line

Main Switch

5. Using a screwdriver to release the terminals, disconnect the three electrical leads to the terminals
behind the main switch and the adjacent ground-bus connection. Pull the wires out of the top of the
panel box and secure them safely.

6. Remove the air-filter screen mounted toward the bottom on the outside of the panel door (lift it up
and then pull the bottom edge out). Clean it with compressed air if necessary.

7. Place the air-filter screen, along with the manuals and other documentation, inside the panel at the
bottom left.

8. Set the main switch to OFF (rotate the shaft that engages the handle on the panel door counter-
clockwise as far as it will go and then let it snap into the OFF position). Also, set the main switch
handle on the panel door to OFF. (Both the handle and the switch must be set to OFF before the
door can be closed). Close the door and lock the latches.

96-8000 NG - 55




OPERATORS MANUAL

SEcURE THE FRONT

CAUTION! No heavy or abrasive ties, chains, wraps, or bindings should be placed in contact with painted or
plastic parts of the machine. Damage caused by ignoring this caution is NOT covered by the warranty.

1. Make sure that the machine is locked up and remove any loose material from the table area.

2. Place a pad between the doors, pull them closed, and secure them with two wire ties through the
handles.

3. Wrap some padded packing material around the pendant (control box) and secure with some
heavy-duty tape. Also, place a couple inches thickness of foam or other packing material on the
enclosure behind the control panel.

4. Forthe VF-3/4, remove the support bolt from the control arm, and swing the arm back and into
shipping position. Put the shipping brace into place and secure with two bolts.

Move ONTOo THE PALLET

NOTE: If you did not store your shipping materials, pallets and crates are available
from Haas Automation. Contact the factory for information.

=N\

=

VF - O/1/2

IMPORTANT! Keep in mind when moving the VMC that much of it's weight is concentrated
in the column at the back. Therefore, when lifting a VF-0/1/2 from the
side, it is important that the forks of the forklift be positioned as close to
the back of the machine as possible without being on the pads.

CAUTION! Do not lift the machine any farther than necessary off the floor when moving
it, and move as slowly and cautiously as possible. Dropping the machine,
even from a height of a few inches, can cause injury, result in expensive
repairs, and void the warranty.
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WARNING!

FOR THE VF-0/1/2: THE ONLY ACCEPTABLE WAY TO MOVE A VF-0/1/21S TO
PICK IT UP FROM THE SIDE WITH A FORKLIFT. IMPORTANT! FOLLOW THE
MACHINE WEIGHT AND FORK LENGTH SPECIFICATIONS DESCRIBED EAR-
LIER. THE FORKS MUST BE SET AS FAR APART AS POSSIBLE WITHOUT
BEING ON THE PADS. THE FORKS MUST BE POSITIONED ALL THE WAY TO
THE BACK OF THE VMC AND THEY MUST EXTEND AT LEAST 3" PAST THE
FAR SIDE OF THE MACHINE BASE. ALSO, THERE MUST BE ABOUT AP-
PROXIMATELY 6" CLEARANCE BETWEEN THE FORKLIFT AND THE SIDE OF
THE MACHINE.

For the VF-3 through 10: The VF-3 through 10 must be lifted from the BACK of the machine with a forklift.

IMPORTANT! Follow the machine weight and fork length specifications described earlier. The forks must be
set as far apart as possible without being on the pads. Also, there must be about approximately 6" clearance
between the forklift and the back of the machine.

Attempting to move the machine any other way may void the warranty.

CAUTION! Use caution when lifting the machine with a forklift not to damage the sheet
metal aprons with the forks.

1. Liftthe machine a few inches off the floor.

2. Cover the pallet with a 6-mil thick contiguous plastic sheet.

NOTE: This and the other plastic that is added later provide a shield against moisture
while the machine is in transit. HOWEVER, the plastic wrapping is not 100
percent waterproof and the crate must be covered with waterproof tarpaulins
any time there is a chance it can be exposed to rain, splashing from wet roads,
or other conditions where it could get wet.

3. Move the machine over the pallet and align the leveling screws with the holes in the pallet. Note
that the pallet center support is offset to one side. When the machine is placed on the pallet, the
rear of the machine must be on this side of the pallet.
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4. Remove the leveling screws at the four corners of the base. Insert the 3/4-10 mounting bolts
through the leveling screw holes. Tighten the bolts to the coupler mounted in the pallet.

1

(1

Packing
material

5. Drain and clean the coolant system. Pack it in the box it came in and slip the box, heavy end
down, into the space on the left side of the machine between the panel, at the back of the ma-
chine, and the enclosure.

A\l
//’,

ﬂmr

WARNING!

THE BOX MUST BE POSITIONED WITH THE HEAVY END DOWN. THEN SLIP
PACKING MATERIAL BETWEEN THE BOXAND THE MACHINE AT ALL POINTS
WHERE THERE IS CONTACT.AND FINALLY, NAILA 12", TWO-BY-FOUR CLEAT
TO THE PALLET WITH 16D NAILS TO HOLD THE BOX IN PLACE.

6. Putthe leveling screws, pads, allen wrench, and screwdriver in the tote kit and position it between
the coolant box and the support strip toward the front of the machine. Then nail a 12", two-by-four
cleat to the pallet with 16d nails to hold the tote kit in place.

7. Clean the drip pan as necessary and slide it under the machine. If the machine is furnished with
the drain bucket, place it at the rear of the machine, under the air/lube panel, and tie into place.
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1. Cover the machine with a sheet of 6-mil thick plastic. Then carefully roll the edges of the bottom
plastic and the cover together and staple them to the pallet. This forms a moisture resistant
cocoon around the machine. HOWEVER, as noted earlier, the plastic wrapping is not 100%
waterproof and the crate must be covered with waterproof tarpaulins any time there is a chance it
can be exposed to rain, splashing from wet roads, or other conditions where it could get wet.

2. Setthe four sides of the crate around the machine. Note that the front and back of the pallet are
shorter than the sides. Therefore, the side panels have more reinforcing strips than the front and
back. Also, if you are reusing a crate, make sure that the fork location marks are in the correct
location (see earlier comments).

3. Position one of the sides (longer panels) on the edge of the pallet and secure it with five 3/8" lag
bolts.

4. Position an adjoining side and secure it in place with a corner clip (use a claw hammer to snap the
clip into place). Then secure it with four lag bolts.

5. Repeat the above two steps for the remaining two sides--clip the corner and secure the side.
(Remember to use four lag bolts for the short side and five lag bolts for the long side.)

6. Complete clipping the four corners. There should be a total of five clips at each corner.

7. Place the top panel on top of the crate and clip each side. Use five clips per side.

8. Ifthe fork locations are not painted on the sides, add these marks (refer to earlier figure).

CAUTION! The fork positions marked on the sides of the crate are the key to safely
moving the crated VMC. If the fork positions are ignored, there is a good
chance that the retaining bolts will be sheared off by the forks and also that
the machine will tip over when it is picked up.

This completes packing the VMC for shipping. If you have questions, contact your dealer or the Haas Automa-
tion factory.
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SHIPPING THE MACHINE WITHOUT A PALLET

To ship a VMC a short distance, it may not be necessary to mount it on a pallet and crate if you
employ professional machinery movers. Nevertheless, you must make specific preparations for
moving it and certain precautions are necessary.

NOTE: We strongly recommend using an air-ride suspension truck to minimize
jarring the machine. It is well worth the few extra dollars involved. And make

sure to ask specifically for air-ride suspension -- not all riggers have trucks of
this type.

IMPORTANT!
1. All of the warnings and cautions in the previous sections of this manual apply to shipping without a
pallet — review them carefully.

2. Parts of an unprotected VMC can be damaged by heavy tarps, indiscriminate use of tie-downs,
etc. Therefore, it must be shipped in accordance with the following outlines.

TOOLS REQUIRED

9/16" Hex Wrench
%" Wrench (Open-end or Box-end)
Forklift with the following specifications:

VF-O/E | VF-OE/EXT | VF-1 | VF-2 | VF-3 VF-4 VF-5/40
Machine Weight * 7,000 7,900 7,100 | 8,000 | 12,500 | 13,000 14,500
Fork Length 8' 8' 8' 8' 8' 8' 8'

VF-5/50 VF-6 VF-7 | VF-8 VF-9 VF-10 VF-11
Machine Weight* | 14,600 2,100 23,000 | 24,000 | 25,000 | 28,000 29,400
Fork Length 8' 8' 8 8' 8 8' 8'

* The forklift must be capable of lifting at least this weight.

MATERIALS REQUIRED
Four metal tie-downs

Four %-11 nuts (in addition to the four nuts that come with the machine)
Two 4 x 4's at least 5' long
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Prepare the machine as described in the "Preparation for Shipping the VMC" section up to the
point of putting it on a pallet. Make sure the spindle is on tool number one. Replace and secure
the shipping bracket -- even for the shortest moves. Tie-wrap the doors together and stow the air
filter from the control panel door (on the back of the machine) inside the panel.

To transport the machine without a pallet, you need four metal tie-downs. (Additional tie-downs can
be purchased from Haas if you have lost yours.) After raising the machine with a forklift, turn the

four corner levelling adjustment screws clockwise, with the 9/16" hex wrench, until they a protrude
at least 72" through the bottom of the machine. Tighten the %-11 nuts until the levelling screws are
secured in the casting. Place a metal tie-down on each of the four levelling screws (the small hole
in the tie-down slips over the top of the screw and rests on the top of the %-11 nut). Position the

tie-downs so they are at 45° angles to the front, back, and sides of the machine and secure them

June 1999
PROCEDURE
1.
2.
on the screws with additional %-11 nuts.
1
3.

96-8000

Place two 4 x 4's that are least 5' long on the truck. Lower the VMC onto the truck and align the
two pieces of lumber under the leveling screws at the corners of the machine. Remove the forkilift
and have the rigger secure the machine using the large holes in the four tie-downs as the attach-
ment points for the riggers' chains. When the chains are tightened, the leveling screws dig into the
4 x 4's to help hold the machine in place.

~HANG- 61




\' eries
OPERATORS IVIANUAL

CAUTION! Do not cross the chains.

62
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Using the four corner tie-downs, the machine can be secured without dragging chains across
its top. It is a fast, easy, and secure transportation method that protects against damage. If
there is limited access, wrap perimeter of base above feet with chain tension as necessary.
Be sure to explain to the rigger that this is how you want the machine to be moved BEFORE
he does something else.

If you wish to tarp the machine, you should be aware of a few potential trouble spots. If a tarp
is simply placed over the machine and tightened down, it can do considerable damage, such
as bending the conduit carrier for the headstock, wearing paint off the machine, distorting the
enclosure, and damaging the clear plastic parts. If you must use a tarp, make sure that it is
supported off the machine by a wooden frame or other secure structural means.

If the fork locations are not painted on the sides, refer to the earlier figures and add them.
CAUTION! These fork positions are very important, and if they are ignored, there is a good
chance that the retaining bolts will be sheared off by the forks and that the machine will tip
over when it is lifted.

This completes packing the VMC for shipping. If you have questions, contact your dealer or the
Haas Automation factory.
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CABLELIFT INSTRUCTIONS

PLEASE READ THIS SECTION IN ITS ENTIRETY

BEFORE ATTEMPTING TO LIFT VMC.

It is mandatory that preparation
and lifting of the VMC be performed
by PROFESSIONAL RIGGERS and
that this section be used as a
reference guide only.
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LIFT KITS for the HAAS VERTICAL MACHINING CENTERS

VF-0/1/2: (LIFT KIT 30-7900E)

(1) 5/8-11 x 1 1/16" EYE BOLT (1) WASHER, SAE, 5/8"
(2) 3/4-10 X 1 3/16 EYE BOLTS (2) WASHER, FLAT CUT 3/4"
(1) INSTRUCTIONS

VF-3/4: (LIFT KIT 30-9900E)

(2) LIFTING BRACKETS (2) 3/4 FLAT CUT WASHERS
(2) 1213 x 1 1/2" SHCS (2) 3/4-10x 1 3/16" EYE BOLT
6) 1/2" BLACK HARD, WASHER (1) INSTRUCTIONS

VF-5: (TOOL KIT 30-0321)

(2) LIFTING BRACKETS (2) 3/4" FLAT CUT WASHERS
(2) 1/2-13 X1 1/2" SHCS (2) 3/4-10 X 1 3/16" EYEBOLT
(6) 1/2" BLACK HARD, WASHER  (2) 5/8x 1 x 1 1/16" EYEBOLT
(1) INSTRUCTIONS (2) SPREADER BARS*

VF-6 THRU 10: (TOOL KIT 30-7910E)

(2) 1 1/8-7 x 2 3/4 EYEBOLT
(1) INSTRUCTIONS
(2) SPREADER BARS*

NOTE: PRIOR TO JAN. 1996 , 1- 8 EYE BOLT, HEX NUT (P/N 46-1696) AND HOLE PLUG
(P/N 22-9918) ARE REQUIRED FOR THOSE MACHINES WITH EYEBOLT THROUGH HOLES.
* Spreader bars and spacer blocks are not provided with the lift kits

EYEBOLT WORKLOAD RATING

EYEBOLT SIZE| RATING
1/2-13 2,800 Ibs
5/8-11 5,100 lbs
3/4-10 7,000 lbs

1-8 9,000 Ibs
118-7 12,000 Ibs

LIFTING PRECAUTIONS

IMPORTANT: The chains attached to the top of the column are the main lifting
points and should remain vertical to the floor throughout the lift.

The front chains attached to the base are to help stabilize the machine and should
not be used to carry the main load.

When liting the machine, slowly pull up on the chains until taut, then lift the machine off the
floor, ensuring the machine remains balanced.

Before installing the lift kit or lifting the machine, ensure the machine is prepared for shipping
as noted in the PREPARATION FOR SHIPPING section in the Installation Manual.
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SECTION 1: INSTALLING THE LIFT KIT
VE-0/1/2

1. Place awasher on the 5/8"-11 X 1-1/4" eye bolt and mount it to the front Y-axis way cover, as
shown below. Hand tighten and orient the bolt vertically as shown.

Fig. 1-1  Eyebolt mounting location for VF-0, VF-1, and VI*-2.

2. Place a washer on each of the 3/4-10 x 1%/, " eyebolts and mount to the top of the column as
shown below. Tighten securely.

Fig. 1-2 VF-0/1/2 eyebolt locations.
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VF-3/4

3. Install the lifting brackets with (2) 1/2"-13 SHCS and (2) 1/2' hard washers, [(2) washers under
bracket and (1) above bracket], to the base as shown in figure 1-3. Tighten securely.

Fig. 1-3  Lifting bracket mounting location for VF-3 and VF-4.

4. Install (2) %-10x 1%" eyebolts and (2) 3/4' hard washers to the column casting as shown in figure
1-4. Tighten securely.

Fig. 1-4  VIF-3/VF-4 eyebolt locations.
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VF-0/1/2/3/4

5. Attach the lifting chain and hooks to the lifting points as shown below, ensuring that the chain
does not come in contact with the top door beams or rub against any part of the machine's
sheetmetal enclosure.

A minimum chain height requirement to lift the machine without damaging the enclosure and to keep the rear
chains perpendicular to the floor. The chain length is measured from the top of the column casting.

IMPORTANT: THe chains attached to the top of the column are the main lifting points and should remain
vertical to the floor throughout the entire lift.

The front chains attached to the base are to help stabilize the machine and should not carry the main load.

When lifting the machine, slowly pull up on the chains until taut, then lift the machine ensuring the machine
remains balanced.

Before installing the lift kit or lifting the machine, ensure the machine is prepared for shipping as noted in the
PREPARATION FOR SHIPPING section in the Installation section of the manual.

Fig. 1-5  VF-0/1/2 lifting positions. Fig. 1-6  VF-3/4 lifting positions.
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SECTION 2: INSTALLING THE LIFT KIT
VF-5 40 / 50 TAPER

1. Install the lifting brackets with (2) 1/2"-13 SHCS and (2) 1/2" hard washers, [(2) washers under
bracket and (1) above bracket], to the base as shown in Figure 2-1. Tighten Securely.

Fig. 2-1 Lifting bracket mounting location for VI-5.

2. |Install (2) 5/8 x1x1'/,." eyebolts and (2) 3/4" hard washers to the column as shown in Figure 2-
2. Tighten securely.

Fig. 2-2 VF-5 eyebolt locations on top of column.
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BEAM STYLE LIFTING
VF-5 40/50 TAPER

3. Attach the lifting chains to the rigging beam as shown. Use the spreader bars to protect against
any possible contact points.

IMPORTANT! The spreader bar above the column is used to keep the chains parallel to the column and evenly
distribute the load on the eyebolts.

T( WEIGHT RIGGING BEAM

SEE TABLE ) \

SPREADER SPREADER BAR

WEIGHT
( SEE TABLE )

Fig. 2-3 VF-5 lifting positions.
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SECTION 3: INSTALLING THE LIFT KIT
VF-6 thru 10

* On machines with eyebolt through holes, remove the eyebolt plugs on the base casting.

1. Install the two 1 "/.- 7 eyebolts to the base casting as shown below and tighten. Eyebolts should
be facing towards the front of the machine when tightened.

. el
iﬂ-w - 7 Eyebolt facing front of machine

.

NRE)

Fig. 3-1  Eyebolt and position access hole for VF-6 thru 10.

2. These specifications are an approximation of the weight distribution and chain length needed
to lift the VF-6 thru 10.

T21 ,000 LBS (24,000 LBS)
(@) ©) ©)

F

BACK FRONT

A4

4!
11,000 LBS

T\ 9,000 LBS (10,000 LBS)
(14,0001BS) |

90" >
(17

Fig. 3-2  VF-weight specifications.
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3. Attach the lifting chains and hooks to the lifting points, with the rigging beam, spreader bar, and
spacer block in place. Position the spreader bar so the lifting chains do not come into contact
with the waycovers.

WEIGHT
RIGGING BEAM\ WEIGHT ( SEE TABLE )
( SEE TABLE )

SPREADER
BAR

SPREADER BAR

SPACER BLOCK

REAR ACCESS
HOLES

EYEBOLT LOCATIONS

Fig. 3-3 VF-6/8 lifting positions.

4. Use the spacer block to keep the chains from damaging the rear conduit lines.

* On machines with eyebolt through holes, reinstall the hole plugs.

5. The following weight specifications are an approximation of weight distribution and chain length
required to lift the machines.

Machine | Weight (pounds) Chain Length
(column)
VF-O/E 7,000 -
VF-OE/EXT 7,900 -
VF-1 7,100 -
VF-2 8,000 -
VF-3 12,500 -
VF-4 13,300 -
VF-5/40 14,500 -
VF-5/50 14,600 -
VF-6 21,000 120"
VF-7 23,000 120"
VF-8 24,000 120"
VF-9 25,000 120"
VF-10 28,000 120"
VF-11 29,400 120"
—/AN5-
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2. MAINTENANCE SCHEDULE

The following is a list of required regular maintenance for the HAAS VF Series Vertical Machining Centers.
Listed are the frequency of service, capacities, and type of fluids required. These required specifications
must be followed in order to keep your machine in good working order and protect your warranty.

INTERVAL MAINTENANCE PERFORMED

DAILY v’ Check coolant level each eight hour shift (especially during heavy TSC usage).
v’ Check way lube lubrication tank level.
v'Clean chips from way covers and bottom pan.
v'Clean chips from tool changer.
v'Wipe spindle taper with a clean cloth rag and apply light oil.

WEEKLY v’ Check Through the Spindle Coolant (TSC) filters. Clean or replace element if

needed.

v’ Check for proper operation of auto drain on filter regulator.

v"On machines with the TSC option, clean the chip basket on the coolant tank.
Remove the tank cover and remove any sediment inside the tank. Be careful
to disconnect the coolant pump from the controller and POWER OFF the
control before working on the coolant tank. Do this MONTHLY for machines
without the TSC option.

v’ Check air gauge/regulator for 85 psi.

v'For machines with the TSC option, place a dab of grease on the V-flange of
tools. Do this MONTHLY for machines without the TSC option.

v'Clean exterior surfaces with mild cleaner. DO NOT use solvents.

v’ Check the hydraulic counterbalance pressure according to the machine’s
specifications.

MONTHLY v’ Check oil level in gear box. For 40 taper spindles: Remove inspection cover
beneath spindle head. Add oil slowly from top until oil begins dripping from
overflow tube at bottom of sump tank. For 50 taper spindles: Check oil level
in sightglass. Add from side of gearbox if necessary.

v'Inspect way covers for proper operation and lubricate with light oil, if neces-
sary.

v'Place a dab of grease on the outside edge of the guide rails of the tool
changer and run through all tools.

SIX MONTHS v'Replace coolant and thoroughly clean the coolant tank.
v’ Check all hoses and lubrication lines for cracking.

ANNUALLY v'Replace the gearbox oil. Drain the oil from the bottom of the gearbox.
Remove inspection cover beneath spindle head. Add oil slowly from top until
oil begins dripping from overflow tube at bottom of sump tank. For 50 taper
spindles, add oil from the side of the transmission.

v’ Check oil filter and clean out residue at bottom of filter.
v'Replace air filter on control box every (2) years.
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2.1 TSC MAINTENANCE

*  Checkdirt indicator on 100 micron filter with TSC system running and no tool in the spindle. Change
element when the indicator reaches the red zone.

+  Onnewer machines, clean pump intake filter when indicator is in red zone. Reset indicator with button.
All intake filters can be cleaned with a wire brush.

« After changing or cleaning filter elements, run TSC system with no tool in spindle for at least one
minute to prime system.

TSC Coolant TSC Filter Wing Nuts (4
Pump Assembly 9 ( )\J ¥y
Assembly ° Disconnect X G ) )
Hose for A

Cleaning

Intake Filter "

Housing

Intake Filter V Dirt Indicator

Assembly

Figure 2-1. TSC coolant pump assembly. Figure 2-2. Cleaning the intake filter.

IMPORTANT!

GATE FILTER

CLEAN THE GATE FILTER
REGULARLY

To clean the filter:
Turn off the coolant pump.
Remove the filter.
Clean and reinstall filter.
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2.2 LuBRricaTION CHART

SYSTEM

WAY LUBE AND PNEUMATICS

TRANSMISSION

COOLANT TANK

LOCATION

Under the control panel at the rear of the
machine

Above the spindle
head

Side of machine

DESCRIPTION

Piston pump with 30 minute cycle time.
Pump is only on when spindle is turning
or when axis is moving.

LUBRICATES Linear guides, ball nuts and spindle Transmission only
QUANTITY 2-2.5 Qts. depending on pump style 40 taper 2-Qt 40 Gallons
50 taper 36 oz 80 Gallons VF 6-10
LUBRICANT Mobil Vactra #2 Mobile DTE 25 Water soluble,
synthetic
WARNING!

The TSC pump is a precision gear pump and will wear out faster and lose pressure if abrasive particles are

present in the coolant.

When machining castings, sand from the casting process and the abrasive properties of cast aluminum
and cast iron will shorten pump life unless a special filter is used in addition to the 100 mesh suction filter.
Contact Haas Automation for recommendations.

Machining of ceramics and the like voids all warranty claims for wear and is done entirely at the customer's
risk. Increased maintenance schedules are absolutely required with abrasive swarf. The coolant must be
changed more often, and the tank thoroughly cleaned of sediment on the bottom. A larger coolant tank is

recommended.

Shortened pump life, reduction of pressure and increased maintenance are normal and to be expected in
abrasive environments and is not covered by warranty.
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This section contains the following:

@ Introduction/ basic machine overview
® Control panel overview
e Set up and operation

3. OPERATION

3.1 BASICINTRODUCTION

This section provides the basic programming and operation principles necessary to begin operating the ma-
chine. The remainder of this manual is divided into more detailed Programming and Operation sections.

Inan “NC” (Numerically Controlled) machine, the tool is controlled by a code system that enables it to be
operated with minimal supervision and with a great deal of repeatability. “CNC” (Computerized Numerical
Control) is the same type of operating system, with the exception that the machine tool is monitored by a
computer.

The same principles used in operating a manual machine are used in programming an NC or CNC machine.
The main difference is that instead of cranking handles to position a slide to a certain point, the dimension is
stored in the memory of the machine control once. The control will then move the machine to these positions
each time the program is run.

The operation of the VF-Series Vertical Machining Center requires that a part program be designed, written, and
entered into the memory of the control. The most common way of writing part programs is off-line, that is, away
from the CNC in a facility that can save the program and send it to the CNC control. The most common way of
sending a part program to the CNC is via an RS-232 interface. The HAAS VF-Series Vertical Machining Center
has an RS-232 interface that is compatible with most existing computers and CNC's.

In order to operate and program a CNC controlled machine, a basic understanding of machining practices and a
working knowledge of math is necessary. It is also important to become familiar with the control console and
the placement of the keys, switches, displays, etc., that are pertinent to the operation of the machine.

This manual can be used as both an operator's manual and as a programmer’s manual. Itis intended to give a
basic understanding of CNC programming and it's applications. It is not intended as an in-depth study of all
ranges of machine use, but as an overview of common and potential situations facing CNC programmers.
Much more training and information is necessary before attempting to program on the machine.

The programming section of this manual is meant as a supplementary teaching aid to users of the HAAS
Vertical Machining Center. The information in this section may apply in whole or in part to the operation of other
CNC machines. Its use is intended only as an aid in the operation of the HAAS Vertical Machining Center.
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3.2 THE COORDINATE SYSTEM

The first diagram we are concerned with is called a NUMBER - | | i | | |
LINE. This number line has a reference point zero that is called | I I I I I I
ABSOLUTE ZERO and may be placed at any point along the line.

Fig. 3-1 Horizontal number line.

The number line also has numbered increments on either side of absolute zero. Moving away from zero to the
right are positive increments. Moving away from zero to the left are negative increments. The “+”, or positive
increments, are understood, therefore no sign is needed.

s We use positive and negative along with the increment’s value to indicate its relationship to zero on

the line. In the case of the previous line, if we choose to move to the third increment on the minus (-)
| side of zero, we would call for -3. If we choose the second increment in the plus range, we would call

27 for2. Our concern is with distance and direction from zero.

1 —
Remember that zero may be placed at any point along the line, and that once placed, one side of zero

0 +— has negative increments and the other side has positive increments.

1™ The nextillustration (Fig. 3-3) shows the three directions of travel on a vertical machining center. To
carry the number line idea a little further, imagine _

"2~ such a line placed along each axis of the machine. Zhxis

|

Fig. 3-2

The first number line is easy to conceive as belonging to the
left-to-right, or “X”, axis of the machine. If we place a similar
number line along the front-to-back, or “Y”, axis, the incre- Y Axis
ments toward the operator are the negative increments, and

the increments on the other side of zero away from the

operator are the positive increments.

X Axis

Fig. 3-3 VF-1 showing X, Y, and Z axis lines.

The final axis of travel on our machine is the up-and-down, or “Z”, axis. When we place a number line on the Z
travel, the positive increments are up — above zero — and the negative values are down — below zero. Actu-
ally, the increments on each number line on the HAAS machining centers equals .0001 inches. Also, while a
line theoretically travels infinitely in either direction once established, the three lines placed along the X, Y, and
Z axes of the machine do not have unlimited accessibility. That is to say, we are limited by the range of travel on
the machine.

Remember, when we are moving the machine, we are concerned with positioning the spindle. Although the
machine table is the moving part, we have to keep in mind our coordinates are based off our theoretical spindle
movement.

A5 - 968000




2T =)a]
June 1999 \l - Er l es OPERATION

Keep in mind that the zero position may be placed at any point along each of the three number lines, and in
fact will probably be different for each setup of the machine. It is noteworthy to mention here that the Z-axis is
usually set with the machine zero position in the full upward position, or the tool change position. This will
place all the Z moves in a negative range of travel. However, the work zero in the Z-axis is usually set at the top
of the part surface, and this will be entered in the tool length offset as a negative value. The range of travel on
the HAAS VF-1, for example, is a total of 20 inches; four of these inches are above tool change position and
are listed as a positive tool length offset, and 16 of these inches are below tool change position and are listed
as a negative tool length offset.

The diagram shows a top view of the grid as it would appear on the machine tool. This view shows the X and Y
axes as the operator faces the machine tool. Note that at the intersection of the two lines, a common zero
point is established. The four areas to the sides and above and below the lines are called “QUADRANTS” and
make up the basis for what is known as rectangular coordinate programming.

31
X, Y+ P X+, Y+
1__

3 2 4 1 2 3
| | | | | |
—~- ] ] ] ] -
.

X Y- 21 X+, Y-
_3——

OPERATOR

Fig 3-4 Tiew of X)Y grid from above.

THE TOP LEFT QUADRANT IS= X-Y+
THE BOTTOM LEFT QUADRANT IS= X-Y-
THE TOP RIGHT QUADRANT IS= X+, Y+
THE BOTTOM RIGHT QUADRANT IS= X+,Y-

Whenever we set a zero somewhere on the X-axis and somewhere on the Y-axis, we have automatically
caused an intersection of the two lines. This intersection where the two zeros come together will automatically
have the four quadrants to its sides, above, and below it. How much of a quadrant we will be able to access is
determined by where we placed the zero within the travel of the machine axis.

For example, for a VF-1, if we set zero exactly in the middle of the travel of X and Y (table center), we have
created four quadrants that are 10 inches by 8 inches in size.
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3.3 MacHINE HomE

The principal may be seen when doing a manual reference return of all machine axes. When a zero return
(ZERO RET) is performed at machine start up, all three axes are brought to the extreme positive direction until
the limit switch is reached. When this condition is satisfied, the only way to move any of the three axes is in
the negative direction. This is because a new zero was set for each of the three axes automatically when the
machine was brought Home. This is placed at the edge of each axes travel. In effect, now the positive quad-
rants cannot be reached, and all the X and Y moves will be found to be in the X-, Y- quadrant. It is only by
setting a new part zero somewhere within the travel of each axis that other quadrants are able to be reached.

X-, Y+ X+, Y+
o X0, Y0
X-, Y- X+, Y-

Fig 3-5  All four quadrants will have to be accessed to machine this part.

Sometimes it is useful in the machining of a part to utilize more than one of the XY quadrants. A good example
of this is a round part that has it’s datum lines running through the center. The setup of such a part may look
like Fig. 3-5.

These are just some examples of how to make use of the four quadrants of the X and Y axes on the machine.
As more experience is gained in the machine tool programming and setup techniques, each programmer and
setup person develops their own methods and style. Some methods will be faster than others, but each
individual will have to determine the needs of each job in question, and reflect back on notes and the previous
jobs completed.
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3.4 ABsoLUTE AND INCREMENTAL POSITIONING

Up to this point, we have dealt with a system of positioning the tool that is known as absolute programming. In
absolute, all coordinate points are given with regard to their relationship to the origin, a fixed zero point, or
considered as part zero. This is the most common type of positioning.

Another type of positioning is called incremental positioning. Incremental positioning concerns itself with
distance and direction. A new coordinate is entered in terms of its relationship to the previous position, and not
from a fixed zero or origin. In other words, after a block of information has been executed, the position that the
tool is now at is the new zero point for the next move to be made.

An example of the use of the incremental system is below. Note that to move from X 4.25 to X 2.025 on the
scale, an incremental move of X -2.225 was made, even though the move still places the tool on the plus side
of the scale. Therefore the move was determined from the last point, with no regard for the zero position. The +
and - signs are used in terms of direction, and not in regard to the position of zero.

| | | | | | |
—— T T | I T -
X-2.225

X2.025 X 4.250

Fig 3-6  An example of an incremental move.

Keep in mind that when positioning in absolute, we are concerned with distance and direction from a fixed
zero reference point, and when positioning in incremental we are concerned with distance and direction from
the last position.
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3.5 ProgrammING WiTH CODEs

A program is written as a set of instructions given in the order they are to be performed. The instructions, if
given in English, might look like this:

LINE#1 = SELECT CUTTING TOOL.

LINE #2 = TURN THE SPINDLE ONAND SELECT THE RPM.

LINE#3 = TURN THE COOLANT ON.

LINE #4 = RAPID TO THE STARTING POSITION OF THE PART.

LINE #5 = CHOOSE THE PROPER FEED RATE AND MAKE THE CUT(S).
LINE#6 = TURN OFF THE SPINDLE AND THE COOLANT.

LINE#7 = RETURN TOOL TO HOLDING POSITION AND SELECT NEXT TOOL.

and so on. But our machine control understands only these messages when given in machine code.
Before considering the meaning and the use of codes, it is helpful to lay down a few guidelines:

1) Codes come in groups. Each group has an alphabetical address. The universal rule here is that
except for G codes and macro calls, Codes with the same alphabetical address cannot be used
more than once on the same line.

2) G codes come in groups. Each G code group has a specific group number. G codes from the
same group cannot be used more than once on the same line.

3) There are modal G codes groups which, once established, remain effective until replaced with
another code from the same group.

4) There are non-modal G codes groups which, once called, are effective only in the calling block, and
are immediately forgotten by the control.
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The rules above govern the use of all codes for programming the Haas (and other) controls. The concept of
grouping codes and rules that apply will have to be remembered if we are to effectively program the machine
tool. The following is a discussion of the codes most basic to the operation of the machine.

G CODES:

G00 Rapid traverse motion; Used for positioning and during non-cutting moves.

GO01 Linearinterpolation motion; Used for actual machining and metal removal. Governed by
programmed feed rate.

G02 Circularinterpolation - Clockwise

G03  Circularinterpolation - Counterclockwise

G28 Machine home (Rapid traverse)

G40 Cutter compensation cancel

G41  Cutter compensation to left of path

G42  Cutter compensation to right of path

G43 Readtool length compensation

G54  Work coordinate #1 (Part zero)

G80 Canned cycle cancel

G81  Drill canned cycle

G82  Spot drill canned cycle

G83  Peck drill canned cycle

G84  Tapping canned cycle

G90  Absolute programming
G91  Incremental programming
G98 Initial point return

G99 Reference plane return

M CODES:

MO0 Program stop. Press CYCLE START button to continue.

MO1  Optional program stop. Press optional stop key on control panel on MO1 code.

MO02 End of program. Cannot continue.

MO3  Start spindle forward (Clockwise). Must be accompanied by a spindle speed.

MO04  Start spindle reverse (Counterclockwise). Must have a spindle speed.

MO5  Spindle stop

MO06 Tool change command. Must have a tool number in the same line. This command will
automatically stop the spindle.

M08 Coolant ON command

M09 Coolant OFF command

M30 Program end and rewind to beginning of program

M97  Local subroutine call

M98  Subprogram call

M99  Subprogram return, or loop

Note: Only one “M” code can be used per line. The “M” code will be the last item of
code to be performed, regardless of where it is located in the line.
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3.6 MacHINE DEFAULTS

A default is an automatic function of the machine tool control. When powering up the machine, the control
looks for the home position of all axes, then will read the default values or the preset G codes. If you have ever
wondered why the machine went to the part zero that was entered in the G54 when it was never specified in the
actual program, it is because the machine automatically reads G54 upon start-up. That is a default.

The defaults for the Haas mill are indicated by an asterisk (*) in the "Preparatory Functions (G Codes)"
section of this manual.

The control automatically reads these G codes when power is turned on:

G00 Rapid traverse

G17 X,Y plane selection

G40 Cutter Compensation cancel

G49 Tool length compensation cancel

G54 Work coordinate zero #1 (1 of 26 available)
G64 Exact stop cancel

G80 Canned cycle cancel

G90 Command absolute programming

G98 Canned cycle initial point return

There is no default FEED RATE (F code), but once an F code is programmed, it will apply until another is
entered or the machine is turned off.
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3.7 ProGrRAM FORMAT

Program format, or style, is an important part of CNC machining. Each individual will format their programs
differently and, in most cases, a programmer could not identify a program written by themselves. The point is
that a programmer needs to be consistent and efficient, writing code in the way it is listed and in the order it
appears in the program. For example:

X, Y, Zisin order of appearance. The machine will read X, Y, or Z in any order, but we want to be consistent.
Write X first, Y second, Z third.

The first line or block in a program using active G codes should be a tool number and tool change command.
This would be a good safety measure.

The second line or block will contain a rapid command (G00), an absolute orincremental command (G90,
G91), awork zero for X and Y (G54), a positioning X and Y coordinate, a spindle speed command (S ), and
a spindle ON clockwise command (M03).

The third line or block will contain a “Read tool length compensation” command (G43), a tool length offset
number (HO1), a Z-axis positioning move (Z.1), and an optional coolant ON command (MO08).

An example program’s first three lines will look like this:

T1 MO6;
G00 G90 G54 X0 YO S2500 MO3;
G43 HO1 Z1 MOS;

All the necessary codes for each operation are listed above. This format is a good practice and will separate
your style from other programmers.

QUESTION:
If GO0, G90, and G54 are defaults, why do we list them in the second line of a program and for each different
tool?

ANSWER:
G00, G90, and G54 are listed for an operator/setup person’s aid. They show that the machine will rapid

position, that the machine is in the absolute coordinate mode, and most important, the work zero coordinates.
The work zero is always different between setups, and multiple work zeros are very common.
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QUESTION:

Can we combine the second and third lines, excluding the M08 code? If so, why do we write the lines sepa-
rate?

ANSWER:

Yes. The four G codes G00, G90, G54, and G43 all belong to different groups. Remember, no two G codes of
the same group can be listed on the same line. However the main reason for using two lines is SAFETY.
Remember, only one line of information can be executed at atime. The X and Y coordinates will position first,
then the tool length and the Z coordinate will execute. If combined, all three axes will move simultaneously, and
any interfering clamps or fixtures can be struck and/or destroyed. When combining X, Y, and Z in positioning,
chances of crashing the machine are greater.

— Part Surface

Fig 3-7  Tool length offset and tool length compensation.

Tool number should always remain numerically matched with the tool length offset number. Setting 15 (the H &
T agreement) will ensure the tool number and tool length offset will match. (Ex. T1 in line #1 should have HO1
in line #3, and T2 should have HO2 in line #3.)
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3.8 CANNED CYCLES

A canned cycle is used to simplify programming of a part. Canned cycles are defined for most common Z-axis
repetitive operations such as drilling, tapping, and boring. Once selected, a canned cycle is active until can-
celed with the G80 code. There are six operations involved in every canned cycle:

1) Positioning of X and Y axes (optional A, rotary axis).
2) Rapid traverse to the reference plane.

3) Drilling, boring, or tapping action.

4) Operation at the bottom of the hole.

5) Retraction to the reference plane.

6) Rapid traverse to the initial starting point.

A canned cycle is presently limited to operations in the Z-axis; that is, only the G17 plane is allowed. This
means the canned cycle will be executed in the Z-axis whenever a new position is selected in the X or Y axis.
The operation of a canned cycle will vary according to whether incremental (G91) or absolute (G90) is active.
Incremental motion in a canned cycle is often useful as a loop count (L) and can be used to repeat the opera-
tion with an incremental X and/or Y move. G98 and G99 are modal commands which change the way the
canned cycles operate. When G98 (the system default) is active, the Z-axis will be returned to the starting
position at the completion of the canned cycle. When G99 is active, the Z-axis will be returned to the reference
plane when the canned cycle is completed.

Note: If an LOis in the canned cycle line, the cycle will not execute until the control
reads an X or Y location.

For more detailed information on canned cycles, referto the "G Codes" section of this manual.
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3.9 SeETuP PROCEDURES

The following sequence of operations is strongly recommended for setting up this machine:

1) Load a program into memory. This is either manually entered or downloaded from a CAM
package via the RS-232 interface.

2) Determine the tools needed and get them ready.

CAUTION!

If machine is equipped with the optional 50 taper spindle, follow
these guidelines:

* 25 |b. maximum per tool, and 300 Ib. maximum total tool weight.
* Extremely heavy tool weights should be distributed evenly.

If machine is equipped with the 20 or 32 pocket tool changer, follow

these guidelines:

* 12 |b. maximum per tool (200 Ib. maximum total tool weight for 32
pocket tool changer).

* Extremely heavy tool weights should be distributed evenly.

* Ensure there is adequate clearance between tools in the tool
changer before running an automatic operation. This distance is
3.6™ for 20 pocket, and is 3.4" for 32 pocket.

Note: If machine is equipped with the optional extended Z-clearance table,
follow these guidelines:
» Avoid extreme loads on center of table or far end of table. Weight of part
should be distributed evenly over the table or one pad.
» Flatness of part should be within .002"

3) Use a vise or fixture to hold the part and mount it on the mill.

4) Locate the X and Y zero points of your program on the part. Usually these points will coincide with
the print reference point where dimensioning begins and needs to be clearly indicated by the
programmer. Use an edge finder or indicator to locate this point with the handle function.  After
locating the programmed zero point, push the display offset key and page down until the  work
zero offset page appears. Cursor down to G54 X, the work zero offset. Push the PART ZERO
SET button and the X-axis machine value will be stored at this location. Cursorto the G54 Y
location and repeat the above. You have now told the machine where part zero is located. Usually
Z and A values will not have to be set and should be zero.

5) Remove any tools from changer and MDI a T1 M6 command to install tool #1 into spindle (it should
be empty). Put your tool #1 into the spindle using the TOOL RELEASE button. Push the OFSET
key and page down to get to the tool offset page and cursor to tool #1. Do not install any tools
directly into the carousel. Use MDI or ATC FWD/REYV to retrieve tools.

6) Push the Z- JOG key until you are close to the top of your part. (The top of your part should be
Z0). Use the Handle to accurately position the tool edge to Z0. Push the TOOL OFSET MESUR
key and the Z machine value will be stored in tool offset #1. Note that this automatic offset mea-
surement works with G43 only and the work Z offset must be zero.
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7) Pushthe NEXT TOOL key and the Z-axis will retract to tool change position and tool #2 (empty)
will be installed in the spindle. Put your tool #2 into the spindle and jog to Z zero as you did for
tool #1. The cursor will automatically be on offset #2. Push TOOL OFSET MESUR.

8) Repeat this procedure until all tools are measured and installed.
9) MDI aT1 M6 to return to tool #1.
10) You are now ready to run your program.

11) Please note that in order to load and measure all of your tools, you do not need to use any keys
other than JOG, TOOL OFSET MESUR, and NEXT TOOL. Also note that this automatic offset
measurement works with G43 only.
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3.70 OPERATORS CONTROL PANEL

POWER § TooL
UP N CHANGER
RESTART | RESTORE

Fi F2 F3 F4

INSERT ALTER DELETE UNDO

SINGLE DRY OPT BLOCK
BLOCK RUN STOP DELETE

ORIENT ATC ATC

TOOL  NEXT  TOOL PART COOLNT  gpiNpLE

FWD REV
OESEL  tooL  Retease  4ERO

.0001 .001 01 A
A 1. 10. 100.
Al 2 1y u AUTO ZERO HomE
ALL  ORIGIN SINGL
CHIP 4 x| J0G CLNT BHES AXIS
STOP +AL LoCK DOWN

SELECT SEND RECV ERASE
PROG RS232 RS232 PROG

A B C E
F G H | K
e B L W o
o o e RS T U VoW
S x v oz

Figure 3-8  Control panel keypad with operating and display keys highlighted.

In operation, it is important to be aware of the operating mode selected for the CNC. There are six operating
modes and one simulation mode in this control. The operating mode is selected with the six buttons labeled:

EDIT To edit a program already in memory

MEM To run a program stored in memory

MDI/DNC To directly run manually entered program or to select DNC mode
HANDLE JOG To use jog keys or jog handle

ZERORET To establish machine zero

LIST PROG To list, send, or receive programs
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The Graphics simulation mode is entered with the DISPLAY select buttons.

In MEM or MDI mode, a program can be started with the CYCLE START button. While a program is running,
you cannot change to another mode; you must wait until it finishes or press RESET to stop the program.

When already in MDI, a second push of the MDI button will select DNC if the DNC mode is enabled by settings
and parameters in your machine.

In any of the above modes, you can select any of the following displays using the eight DISPLAY buttons:

PRGRM/CNVRS To show the program selected

POSIT To show the axes positions

OFSET To show or enter working Offsets

CURNT COMDS To show Current Commands and times

ALARM / MESGS To show Alarms and user messages

PARAM / DGNOS To show Parameters or Diagnostic data

SETNG/GRAPH To show or enter Settings or to select Graphics simulation mode
HELP / CALC To show the Help data and calculator

In addition to the above displays, when a program is already running, you may press LIST PROG to select a
list of the programs in memory. This is useful to determine what programs can be edited in BACKGROUND
EDIT. BACKGROUND EDIT is selected from the PROGRAM DISPLAY.

All operation of the CNC is controlled from the operator’s panel. The control panel is composed of the CRT
display, the keypad, On/Off switch, Load meter, Handle, EMERGENCY STOP, CYCLE START, and FEED
HOLD buttons.

The keypad is a flat membrane type that requires approximately eight (8) ounces of pressure. The SHIFT
button replaces the function of the numeric buttons with the white characters in the upper left corner. The
SHIFT button must be pressed once before each shifted character. Pressing the SHIFT button twice will turn
off shift.

The load meter measures the power to the spindle motor. At 100%, the spindle motor can be operated
continuously. The 150% level can be sustained for no more than ten (10) minutes, and at 200% level no more
than three (3) minutes. After the specified time, the spindle may begin to slow and even stall. A 200% load
should be reduced to 150% by reducing spindle speed or decreasing the feed rate. Spindle load may increase
temporarily during speed changes.
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The jog handle is used to jog one of the axes. Each step of the crank can be set to 0.0001, 0.001, 0.01 or
0.1 inch (0.001, 0.01, 0.1, or 1.0 degree per step for a rotary axis). When using metric units, the smallest
handle step is 0.001 mm and the largest is 1.0 mm. The handle has 100 steps per rotation. It can also be
used to move the screen cursor while in EDIT mode, or to change feed/spindle overrides by +/-1%.

An optional remote jog handle, with all the capabilities of the standard jog handle, is also available. Referto
the "Manual Operation" section for more information.

The EMERGENCY STOP button will instantly stop all motion of the machine including the servo motors, the
spindle, the tool changer, and the coolant pump. It will also stop any auxiliary axes. When Through the Spindle
Coolant (TSC) is ON, this button performs a slightly different function, as described in the TSC section of this
manual.

CYCLE START will start a program running in MEM or MDI mode, continue motion aftera FEED HOLD, or
continue after a SINGLE BLOCK stop. The CYCLE START button on the optional remote jog handle performs
exactly the same functions.

FEED HOLD will stop all axis motion until the CYCLE START is pressed. The FEED HOLD button on the
optional remote jog handle will perform exactly the same functions.

WARNING!

FEED HOLD will not stop the spindle, the tool changer, or the coolant
pump. It will not stop motion of any auxiliary axes.

The optional Memory Lock Key Switch will prevent the operator from editing programs and from altering
settings when turned to the locked position.
The following describes the hierarchy of locks:

Key switch locks Settings and all programs

Setting 7 locks parameters - parameters 57, 209 and 278 lock other features

Setting 8 locks all programs

Setting 23 locks 9xxx programs

Setting 119 locks offsets

Setting 120 locks macro variables

The SINGLE BLOCK button on the keypad will turn on and off the SINGLE BLOCK condition. When in SINGLE
BLOCK, the control will operate one block and stop. Every press of the START button will then operate one
more block.

The RESET button on the keypad will always stop motion of the servos, the spindle, the coolant pump, and
tool changer. It will also stop the operation of a running program. This is not, however, a recommended method
to stop the machine as it may be difficult to continue from that point. SINGLE BLOCK and FEED HOLD provide
for continuation of the program. RESET will not stop motion of any auxiliary axes but they will stop at the end
of any motion in progress. When Through the Spindle Coolant is ON, this button performs a slightly different
function, as described in the TSC section of this manual.

The CRT is the only display or readout device in the control. All status and position data is shown on the CRT.
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The F1, F2, F3, and F4 buttons perform different functions depending on what display and mode is selected.
The following is a quick summary of the Fn buttons:

F1 In EDIT mode and PROGRAM DISPLAY, this will start a block definition.

In LIST PROG mode, F1 will duplicate a program already stored and give it a new name from the command
line.

In offsets display, F1 will set the entered value into the offsets.

F2 In EDIT mode, PROGRAM DISPLAY, this will end a block definition.

F3 In EDIT and MDI modes, the F3 key will copy the highlighted circular help line into the data entry line at
the bottom of the screen. This is useful when you want to use the solution developed for a circular motion.
Push INSERT to add that circular motion command line to your program.

In the calculator Help function, this button copies the value in the calculator window to the highlighted data
entry for Trig, Circular, or Milling Help.

F4 In MEM mode and PROGRAM DISPLAY, this will select either BACKGROUND EDIT or PROGRAM
REVIEW. BACKGROUND EDIT is selected by entering Onnnnn with the program number to edit. Program
review is selected with just F4. Program review shows the running program on the left half of the screen and
allows the operator to review the program on the right half of the screen.

In the Calculator Help function, this button uses the highlighted Trig, Circular, or Milling data value to load, add,
subtract, multiply, or divide with the calculator.

REeaL Time CLock

Included in the software is a real time clock. The current date and time are displayed on the diagnostics
screen. The date and time are also applied to any alarms that are generated. The alarm history will display the
alarm, the date and time that it occured (see the alarms section on how to access the alarm history). Floppy
directory contains file creation date and time. When files are saved to the floppy disk, the directory will now
show the file creation date and time. Note that this feature also requires floppy driver software rev. 2.0 or later.
When outputting a parameter file to a floppy or the serial port, it will contain two comments near the top
containing the current date and time.

Macro variables are used to set the date and time. Macro variable #3011 contains the date in the format
yymmdd (two digit year* 10000+ month* 100+ day). Macro variable #3012 contains the time in the format
hhmmss (hours* 10000 + minutes* 100 + seconds).
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3.11 KeyBoarD

The control panel keyboard consists of 133 keys and is divided into nine separate regions. They are:

RESET keys Three (3) keys
FUNCTION keys Eight (8) keys
JOG keys Fifteen (15) keys
OVERRIDES Fifteen (16) keys
DISPLAYS Eight (8) keys
CURSOR keys Eight (8) keys
ALPHA keys Thirty (30) keys
MODE keys Thirty (30) keys
NUMERIC keys Fifteen (15) keys

A detailed description of how and where these keys are used can be found through use of the index. The
following are short descriptions of the control panel keys’ usage.

RESET KEYS: The RESET keys are in the upper left corner of the control panel.

RESET Stops all machine motion and places the program pointer to the top of the
current program.

POWER UP/ Automatically initializes the machine at power up. After initial power up, when
RESTART this key is pressed, the axes zero return and tool one is put in the spindle.
TOOL CHANGER Restores the tool changer to normal operation after the tool changer has
RESTORE encountered an interruption during a tool change. The button initiates a user

prompt screen to assist the operator in recovering from a tool changer crash.

A flow chart showing the steps to restore the side mount tool changer is shown
in the Technical Reference section.

FUNCTION KEYS: Below the reset keys are the function keys. There are eight function keys. They are
used to execute special functions implemented throughout the control software.

F1-F4 Used in editing, graphics, background edit, and the help/calculator to execute
special functions.
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TOOL OFSET
MESUR

NEXT TOOL

TOOL RELEASE

PART ZERO SET

JOG KEYS:

+A, -A

+Z,-Z

1Y, -Y

+X,-X

JOG LOCK

Vi

Used to record tool length offsets in the offset page during part setup.

Used to select the next tool during part setup.

Releases the tool from the spindle when in MDI mode, zero return, or handle jog.
(The remote TOOL RELEASE button is located on the front of the coverto the
spindle head. It operates the same as the one on the keypad. It must be held for
12 second before the tool will be released, and the tool will remain released for
Y2 second after the button is released. While the tool is unclamped, air is forced
down the spindle to clear chips, oil, or coolant away from the tool holder.

Used to automatically set work coordinate offsets during part setup.

The jog keys are on the left below the function keys. These keys select which
axes the jog handle sends signals to and provides for continuous jogging. When a
key is pressed briefly, that axis is selected for use by the jogging handle. When a
key ispressed and held down, that axis is moved as long as the key is held down.
If a “+” key is pressed and held, the axis is moved so that the tool position is
changed in a positive direction relative to the work coordinates. If a “-” key is
pressed and held, the axis is moved so that the tool position is changed in a
negative direction relative to the work coordinates. The jog keys are locked out if
the machine is running.

Selects the A axis. Selects the B axis when used with the shift key and control
is configured with a fifth-axis option.

Selects the Z axis.

Selects the Y axis.

Selects the X axis.

When pressed prior to one of the above keys, the axis is moved in a continuous
motion without the need to hold the axis key depressed. Another press of the JOG
LOCK key stops jogging motion.

To the left side of the jog keys are three keys to control the optional chip auger. If the auger is enabled
with Parameter 209, these keys perform the following functions:

CHIP FWD

CHIP STOP

CHIP REV

96-8000

Turns the auger in a direction that removes chips from the work cell.
Stops auger movement.

Turns the chip auger in the reverse direction.
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To the right side of the jog keys are three keys to control the optional automatic spigots. If the spigot
is enabled with Parameter 57, these keys perform the following functions:

CLNT UP Pressing this key positions the coolant stream direction one position higher, if
possible.

CLNT DOWN Pressing this key positions the coolant stream direction one position lower, if
possible.

AUXCLNT Pressing this key while in MDI mode will turn on the Through the Spindle Coolant

system, and pressing it again will shut off the system.

OVERRIDES: The overrides are at the lower left of the control panel. They give the user the
ability to override the speed of rapid traverse motion, as well as programmed feeds
and spindle speeds.

HANDLE CONTROLAIllows jog handle to be used to control feedrate in +/-1% increments (from 0 to

FEEDRATE 999%).
-10 Decreases current feed rate by 10% (from 10 to 200%).
100% Sets control feed rate to programmed feed rate.
+10 Increases current feed rate by 10% (from 10 to 200%).
HANDLE CONTROL Allows jog handle to be used to control spindle speed in +-1% increments (from 0
SPINDLE to 999%).
-10 Decreases current spindle speed by 10% (from 10 to 150%).
100% Sets spindle speed to programmed speed.
+10 Increases current spindle speed by 10% (from 10 to 150%).
Ccw Starts the spindle in the clockwise direction. Except CE machines.
STOP Stops the spindle.
cCcw Starts the spindle in the counterclockwise direction.
5% RAPID Limits rapid traverse to 5 percent of maximum.
25% RAPID Limits rapid traverse to 25 percent of maximum.
50% RAPID Limits rapid traverse to 50 percent of maximum.
100% RAPID Allows rapid traverse to feed at its maximum.
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DISPLAYS:

PRGRM/CONVRS

POSIT

OFSET

CURNT COMDS

ALARM / MESGS

PARAM /DGNOS

SETNG/GRAPH

HELP /CALC

CURSORKEYS:

HOME

96-8000
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The display keys are in the center at the top. These eight keys provide access to
thedifferent displays and operational information and help routines available to the
user. Some of these keys are multi-action keys in that they will display different
screens when pressed multiple times. The current display is always displayed on
the top left line of the video screen.

Displays the currently selected program. Also used in Quick Code applications.

Displays the position of the machine axes. Pressing PAGE UP and PAGE DOWN
will show operator, machine, work, and distance-to-go formats in large letter
format.

Displays the tool length and radius offsets. PAGE UP will display the values of
the axes' work offsets. If the ORIGIN button is pressed while the offsets are dis-
played, the control will promp the user: ZERO ALL (Y/N)? Entering Y will zero all
the offsets, in the section displayed.

Displays the current program, modal program values, and position during run
time. Succeeding presses of the PAGE DOWN key will display modal values,
system timers, macro variables, tool life and tool load information.

Shows the full text of an alarm when the alarm message is flashing. Pressing
the left or right arrow keys will display an alarm history. Pressing PAGE DOWN
will display a page for user messages and notes.

Displays and allows changing of parameters that define machine character.
Pressing PAGE UP will display lead screw compensation values. Successive
PAGE DOWN presses will display general parameters as well asthe X, Y, Z, A
and B parameters. A second press of the PARAM key will display the first page
of diagnostic data. The first page of diagnostic data is discrete inputs and
outputs. Pressing PAGE DOWN will display the second page of diagnostic data
that consists of additional inputs and analog data.

Displays and allows changing of user settings. Pressing the SETNG key twice
enables graphics mode where the user can debug the current program and view
the program’s generated tool path.

Displays a brief, on-line manual. Pressing HELP a second time will display the
help calculator. There are three pages of calculator help. Pressing the PAGE
DOWN key will display milling and tapping help, trigonometry help, or circle
help.

The cursor keys are in the center of the control panel. They give the user the
ability to move to various screens and fields in the control. They are used exten
sively for editing of CNC programs.

Context-sensitive key that generally moves the cursor to the topmost item on
the screen. In editing, this is the top block of the program. In graphics zoom,
it will select full view.
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5 (UP ARROW) The up arrow moves up one item, block, or field. In graphics, the zoom
window is moved up.

PAGE UP Used to change displays, move up one page in the editor, or zoom out when in
graphics.

n (LEFT ARROW) Used to select individually editable items within the editor, moves cursor to the
left. It selects optional data in fields of the settings page and moves the zoom
window left when in graphics.

u (RIGHT ARROW) Used to select individually editable items within the editor, moves cursor to the
right. It selects optional data in fields of the settings page and moves the zoom
window right when in graphics.

END Context-sensitive key that generally moves the cursor to the bottom most item
on the screen. In editing, this is the last block of the program.

° (DOWN ARROW)  The down arrow moves down one item, block, or field. In graphics, the zoom
window is moved down.

PAGE DOWN Used to change displays, move down one page in the editor, or zoom closer
when in graphics.

ALPHA KEYS: The alpha keys allow the user to enter the 26 letters of the alphabet along with some
special characters.

SHIFT The shift key provides access to the white characters on the keyboard. Pressing
SHIFT and then the white character will cause that character to be sent to the
control. The SHIFT key can also be continuously held down while a number of
other keys are pressed.

When a control has a fifth-axis installed, the B axis is selected for jogging by
pressing SHIFT and then the +,-A keys.

EOB This is the END-OF-BLOCK character. It is displayed as a semicolon on the screen and it
signifies the end of a programming block. It is the same as a carriage return and then a
line feed.
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[and]

MODE KEYS:

EDIT

MEM

Vi

The parenthetical brackets are used to separate CNC program commands from
user comments. They must always be entered as a pair and may or may not
have additional characters separating them. Any time an invalid line of code is
received through the RS-232 port while receiving a program, it is added to the
program between these two brackets.

The right slash is used as a block delete flag. If this symbol is the first symbol
in a block and a BLOCK DELETE is enabled, then that block is ignored at run
time. The symbol is also used for division in macro expressions.

In some FANUC compatible controls, the block delete symbol can be used to

choose between two options when the "/" symbol is not at the beginning of the
line. Forinstance, in the following line, T2 is executed when the block delete

option is off, and when the block delete option is on, T1 is executed.

T1/7T2;
N1 G54

This cannot be done on a HAAS control.

A coding method for acheiving the same results on a HAAS control is given

below:

/T2 M99 (T2 executed when block delete is off)
T1 (T1 executed when bhlock delete is on)
N1 G54

Square brackets are used in macro expressions and functions.

The mode keys are in the upper right part of the control panel. These keys change the

operational state of the CNC machine tool. There are six major operation modes. The
user can enter a specific mode by pressing the desired “arrow” shaped key on the left.
The keys in the same row as the pressed mode key are then made available to the user.
Otherwise, these keys are not available. The current mode is always displayed on the
top line just to the right of the current display on the video screen.

Selects edit mode.

INSERT

ALTER

DELETE

UNDO

SINGLE
BLOCK

Inserts the text in the input buffer after the current cursor location. Also used to
copy blocks of code in a program.

Changes the item that the cursor is on to the text in the input buffer.
Places an MDI program in the program list.

Deletes the item that the cursor is on.
Backs out or undoes up to the last 9 edit changes.

Selects MEM mode.

Turns single block on so that when the cycle start button is pressed,
only one block of the program running is executed.
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DRY RUN

OPT STOP

BLOCK
DELETE

MDI/DNC

COOLNT

ORIENT
SPINDLE

ATCFWD

ATCREV

98
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Used to check actual machine movement without cutting a part. Programmed
feeds are replaced by the speed keys in the handle jog row.

Turns on optional stops. If an M01 code is encountered in the program and OPT
STOP is on, a stop is executed. Depending on the lookahead function, it may not
stop immediately. If the program has been interpreted many blocks ahead, and
OPT STOP is pressed, then the nearest MO1 may not be commanded. See G103.

1. OPT STOP will take effect on the line after the highlighted line when OPT
STORP is pressed.

2. MO01 is not allowed during cutter compensation. Alarm 349 will be gener-
ated in this case, as for M02, M30, and MQO.

Blocks with a slash ("/") as the first item are ignored or not executed when this
option is enabled. If a slash is within a block, address codes after the slash will
be ignored until after the block, if this option is enabled.

1. When not in cutter compensation, block delete will take effect two lines
after BLOCK DELETE is pressed.

2 When in cutter compensation, blocks must be processed earlier. There-
fore, block delete will not take effect until at last four lines after the
highlighted line when BLOCK DELETE is pressed.

3 IfBLOCK DELETE changes state during the processing of the first block
of a chamfering/rounding pair, and at least one of the pair is block-
deleted, the behavior is undefined.

4 Processing will slow down for paths containing block deletes during
high-speed machining, because the lookahead queue will be emptied
as processing approaches the block-deleted line(s). This limits the
speed at which the previous blocks can run.

Selects MDI or DNC mode.

Turns the coolant on and off.

Rotates the spindle to a known position and then locks the spindle.
Can be used during setup to indicate parts.

Rotates the tool turret forward to the next sequential tool. If Tnnisin
the input buffer, the turret will advance to tool nn. Except on CE machines.

Rotates the tool turret backwards to the previous tool. If Tnn is in the
input buffer, the turret will advance to tool nn. Except on CE machines.
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HANDLE JOG
.0001, .1

.001, 1.

.01, 10.

.1,100.

ZERO RET
AUTOALLAXES

ORIGIN

ZERO SINGLAXIS

HOME G28

SINGLE AXIS
HOME G28

Vi

Selects Jogging mode.

.0001 inches or .001 mm for each division on the jog handle. Fordry
run .1 inches/min.

.001 inches or .01 mm for each division on the jog handle. Fordry run
1. inches/min.

.01 inches or .1 mm for each division on the jog handle. Fordry run
10. inches/min.

0.1 inches or 1.0 mm for each division on the jog handle. Fordry run
100. inches/min.

Selects Zero Return mode.

Searches for all axes’ machine zero.

Zeros out various displays and timers.

Searches for machine zero on the axis that is specified in the input buffer.
Returns all axes to machine zero in rapid motion. Does not search.

Eitherthe X, Y, Z, A, or B axis can be returned to zero alone. The
operator enters 'X','"Y','Z''A' or 'B', then presses the HOME G28 key.

Pressing HOME G28 without first entering an axis letter will cause all
enabled axes to be returned to zero.

If the chosen axis is disabled, the message DISABLED AXIS will be
generated.

CAUTION! There is no warning message to alert the operator of any possible collision.
For example, if the Z-axis is down in amongst parts on the table when X or
Y is zeroed a crash can result.

SECOND HOME

96-8000

This is an optional feature. When this button is pressed, the control will rapid all
axes (which have the 2ND HOME BTN bit =1) to the coordinates specified in
Work Offset G129. The sequence is as follows: First, assuming the X or Y axis
need to be moved, the Z axis is returned to zero, then the X and Y axes are moved
to their final positions, then the Z axis is moved to its final position. G129 Work
Offsets must be set to the desired values for this feature to work correctly. This
feature will work in any mode except DNC, just like the HOME G28 button.

~/NG 99




778
\/=2Zeries

LIST PROG Selects Program List mode and displays a list of the programs in the

control.

SELECT PROG Makes the highlighted program on the program list the current program.
The current program will have an asterisk preceding it in the program list.

SEND RS232 Transmits programs out the RS-232 serial port. If ALL is highlighted, all
the programs will be sent with one “%” at the beginning and one at the
end of the stream.

RECV RS232 Receives programs from the RS-232 serial port. Unless ALL is high-
lighted, enter a valid program name in the form Onnnnn before pressing
RECV RS232. If ALL is highlighted, do not enter a program name. The
program names will be entered automatically from the input stream data.

ERASE PROG Erases the highlighted program or the program specified in the input buffer.

NUMERIC KEYS: The numeric keys give the user the ability to enter numbers and a few special characters
into the control.

CANCEL The Cancel key is used to delete the last character entered during editing or field input.

SPACE This is a space and can be used to format comments placed into programs.

WRITE/ This acts as the general purpose enter key. Any time that user needs to change any
ENTER information in the control, this key is pressed.

- Used to negate numbers, or provide decimal precision.

+, = These symbols are accessed by first pressing the SHIFT key and then the key with these
#,and * symbols. They are used in macro expressions.

?2,.%,$, These are additional symbols, accessed by pressing the SHIFT key. They can be used
L& @, in program comments.

and:
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3.712 POWER ON/OFF

Power ON

There is only one way to turn on this CNC. This is by pressing the green “On” button at the top left of the
control panel. The main breaker at the rear of the mill must be on before this button will turn on the mill. Any
interruption to power will turn the mill off and this button must be used to turn power back on again.

Upon power up, the machine must find its fixed reference point before any operations can occur. After power
on, pressing the POWER UP/RESTART will establish this point. The ZERO RET mode and AUTO ALLAXES
button may also be used to initialize the system after all alarms are cleared. A single axis can be selected by
first pushing the X, Y, Z, A, or B key and then the ZERO SINGL AXIS key. The position thus found is used as
machine zero. Note that the Z-axis will shift downwards about five inches as the search for zero is finished; so,
keep clear.

CAUTION !!!! After power on, the machine does not know its home position or stored stroke limits until it has
been zero returned by the POWER UP/RESTART key or the ZERO RET/AUTO ALL AXES key. It is possible to
jog the machine with the handle or jog keys at the lower feeds. If it is jogged unchecked in either direction, you
may damage the sheet metal covers or overload the ball screws. To avoid this, always properly ZERO RET the
machine immediately after power on before doing anything else.

Note: Tool changer goes to tool #1 first, then to tool designated in Setting 81. After
initializing, all machine Position displays are reset to zero.

The HOME G28 key should be used any time after the initial power up. This will return the Z-axis first and then
the X, Y, A, and B axes all at rapid rate. If the Z-axis is positioned above the machine zero, the X, Y, A, and B
axes are moved first. This key will work in any of the operating modes. The manual G28 button does not use
any intermediate return point the way the programmed G28 does. Any auxiliary axes (C, U, ...) are returned to
home after X, Y, Z, A, and B.

Note: Repairsto the motor, ball screw, or home switch will affect the zero return point
and must be done only by a factory trained technician. Serious damage to the
ball screw, way covers, linear guides, or tool changer may occur if the zero
return point is not properly set.

Pressing the red POWER OFF button will remove power to the machine instantly. The machine can also be
programmed to turn off at an end of cycle (M30) or after a preset amount of time that the machine sees no
activity. These are Settings 1 and 2.

A sustained overvoltage condition or sustained overheat condition will also shut this machine off automatically.
If either of these conditions exists for 4.5 minutes, the machine will start the 30 second auto-shutdown. Alarm
176 is displayed when an overheat shutdown begins and Alarm 177 is displayed when an overvoltage shutdown
begins.

Any power interruption, including the rear cabinet main circuit breaker, will also turn this machine off. Power
must be restored and the POWER ON button pressed to restore operation.
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3.13 MANUAL OPERATION

Manual data input allows you to enter data that can be executed on a line by line basis instantly without having
to use the EDIT and MEM modes. In this control, MDI is actually a scratch pad memory that can execute
many lines of instruction without having to disturb your main program in memory. The data in MDI will be
retained even when switching modes or in power off.

Editing with MDI is the same as memory editing.

The MDI mode also allows for manual operation of coolant, spindle, and tool changer.

A program in MDI can be saved as a normal named program in memory by placing the cursor at the beginning
of the first line (HOME), typing Onnnnn (new program number), then pushing ALTER. This will add that name
to the program list and clear MDI.

The entire MDI program may be cleared by pressing the ERASE PROG key while in MDI.

A fast way to select a tool is to type Tnn and, instead of INSERT, press either ATC FWD or ATC REV. This
will directly select that tool.

When DNC is enabled with Setting 55, a second push of the MDI button will put the control into DNC mode.

When the Parameter 57 flag DOOR STOP SP is set to 1, the maximum spindle speed is 750 RPM with the
doors open.

102

Manually moving the axes is accomplished by pressing the mode button labeled HANDLE JOG and then by
using the JOG keys or the Handle to move the axis. Both the JOG buttons and the Handle are enabled simulta-
neously without needing to select between them. The display is changed to the Position Display and the
currently selected axis for jogging will blink.

Jog feed rate or handle resolution is selected by the four keys to the right of the HANDLE JOG key. Jog feeds
from .1 inch per minute to 100 inch per minute or handle divisions from .0001 inch to .1 inch are selectable.
Auxiliary axes can be manually jogged from the front panel.

During jogging, the FEED RATE override buttons will adjust the rates selected from the keypad. This allows for
very fine control of the jog speed. It does not change the handle step size.

In the center of the jog buttons is a key labeled JOG LOCK. This key will cause the axis you are jogging to
continue jogging even after you release the key. Press this key and then press the selected axis motion key to
start. Motion will stop as soon as the JOG LOCK button is pressed again, or RESET is pressed.

Note: Selecting another axis will cause that axis to move.
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This feature is handy, for example, when you are slow milling the soft jaws of a vise.

In order to select another axis for jogging while using the handle, use +/- X, Y, Z, or A buttons. When one of
these buttons is pressed, that axis is selected for HANDLE JOG but does not move unless the button is held
down for more than %z second. After 2 second, that axis is moved in the selected direction and at the selected
feed rate.

All aspects of handle jogging for the fifth axis work as they do for the other axes. The exception is the method
of selecting jog between axis A and axis B. By default the ‘+A’ and ‘-A’ keys will select the A axis for jogging.
The display will show “JOGGING AAXIS HANDLE .01” while you are jogging the A axis. The B axis can be
selected by pressing the SHIFT key, and then either the ‘+A’ or *-A’ key. When this is done the control will
switch to jogging the B axis and the display will change to “JOGGING B AXIS HANDLE .01".

The axis assigned to the ‘+A’ and *-A’ keys will remain selected for jogging even if the operating mode is
changed or if the machine is turned off. The selected axis for ‘+A’ and -A’ can be toggled by pressing the shift
key prior to pressing the ‘+A’ or -A’ keys.

RemoTE Joc HANDLE OPTION

An optional remote jog handle is available. It's operation is exactly the same as the standard jog handle,
except that the desired axis and jog increments can be selected by switches on the remote handle.

The jog axis switch on the remote handle may be switched to OFF, X, Y, Z, A, or B. When it is set to OFF, the
standard jog handle on the control works normally. When X, Y, Z, A, or B is selected, that axis is selected for
jogging by the remote handle. The jog increments switch may be switched to X1, X10, or X100. These corre-
spond to the .0001/.1, .001/1., and .01/10 buttons, respectively, on the keypad.

The CYCLE START and FEED HOLD buttons on the remote jog handle perform the same exact functions as
the same buttons on the control. They cannot be turned off, and can be used at any time.
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3.14 Auromaric OPERATION

OPERATION MoODE

There are six modes of operation of the VF Series CNC Mill. They are:

EDIT Used to make manual changes to a part program.

MEM Used to run a users part program stored in memory.

MDI/DNC Used to quickly manually enter and run a program.

HANDLE/JOG Used to move the axes with the handle or JOG buttons.

ZERORET Used to search for machine zero and to return to machine zero automatically.
LIST PROG Used to list, send, receive and delete programs.

Changes to the mode are made by pressing of the buttons on the top right quadrant of the keypad that have the
above labels. If an operation is started, such as running a program, you cannot change modes until the opera-
tion is stopped. The six mode selection buttons are arranged vertically and, generally, the keys to their right
apply only in that selected mode.

PROGRAM SELECTION

Program selection is done from the LIST PROG mode. This mode will list all of the programs stored in memory
and allow you to select one as the current program. This is the program that will be run when you press START
in MEM mode. It is the program with the “ * “ on the LIST PROG display. It is also the one that you will see on
the EDIT display.

To select an existing program, press the CURSOR up or down buttons until the program you want is high-
lighted and then press the SELECT PROG button. The “* “ will move to that program.

To select a new program (create a new program) or to select an existing program, you may also enter Onnnnn
from the keyboard and then press SELECT PROG button.

There is a maximum of 200 programs stored in this control at a time.
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STARTING AuTOMATIC OPERATION

Before you can run a program, it must be loaded in the current memory. To select a program, push the LIST
PROG mode key. Use the cursor to find the desired program and then push SELECT PROG. The program list
includes the program name and the first comment. If the control was turned off while running, that program will
automatically be in current memory and selected.

If the machine has just powered up, you need to first push the POWER UP / RESTART key. This will initialize
all axes and the tool changer, display the Current Commands, and go to MEM mode with the control ready to
run. Pushing the CYCLE START button in the lower left of the control panel will begin execution.

To start a program other than at the beginning, scan to the block number using the down arrow or PAGE
DOWN until you reach the desired starting place. Push the MEM key and CYCLE START to begin. The
Program Restart function, selected from Setting 36, will change the way a program operates if you start from
other than the first block. The setting called Program restart “ON” will ensure that the correct tool and axis
positions are selected when you start from part way through a program.

Any errors in your program will cause an alarm and stop the running of the program. Typical alarms are travel
limits and missing I, J, and Q codes. Attempts to move outside of the limits of travel will also cause an alarm.

When cutting materials that produce hot chips, it is important to use coolant.

At any time that a program is running, the bottom left corner of the CRT will show RUNNING. If it does not show
this, the program has completed, has been stopped by the operator, or has been stopped by a fault condition.

PRoGRAM RESTART

96-8000

Program Restart is designed to help the operator start a program from the middle while still properly interpreting
all of the preceding lines of the program. To use program restart, turn on setting 36, move the cursor pointer to
where you want to start (the restart point), and press Cycle Start. You do this by using the CURSOR up and
down keys in MEM mode. The control will begin "invisible" interpretation of the program from the beginning and
you will see the cursor move through the program. When it gets to the line you wanted to start on, the control
will establish all of the conditions that would normally have been true at the end of the previous line and then
execute the highlighted line and the rest of your program. Most program interpretation alarms which you might
have gotten in the invisible phase will not occur until after the line at your restart point is complete.

As an example, if the following program were to restart at the T2 line, the control would change to T1 and then
change to T2 before start axes motion. If the H and T agreement setting (15) was on, you would still not get an
alarm. The double tool change is probably the most difficult to understand. The control does that because it
insures that everything that must be true on the previous line is established and that means go tool 1. It then
executes the restart line which says go to tool 2

00123;

T1MO06:

G00 G90 G54 X0 YO:

GO01F20.z2-2.;

T2 M06 HO3 ; (RESART HERE)
G00 G90 G54 X0 YO;

GO01F20.2-2;

G28;

M30;
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There are several ways a program can be stopped. They include both normal stops and abnormal, or alarm
caused, stops. The normal stops are:

1) Normal completion at MO0, M01, MO02, or M30.
2) AFEED HOLD stop by the operator. The program is continued by pressing CYCLE START again.

3) A SINGLE BLOCK stop when operator selected. The program is continued by pressing CYCLE
START again.

4) Door Hold stop caused by operator opening the enclosure doors. The program continues when the
doors are closed.

The abnormal stops are:

1) Operator Reset
This stops all axes’ motion, stops the tool changer, turns off the spindle, and turns off the coolant
pump. Program operation cannot be continued from the stopping point. If Setting 31 is On, the
program pointer is reset to the beginning.

2) Emergency Stop
This stops all axes’ motion, disables the servos, stops the tool changer, turns off the spindle, and
turns off the coolant pump. Program operation cannot be continued from the stopping point. This
will also stop any auxiliary axes’ motion. RESET must be used at least twice to remove the alarms
and start again.

3) Alarm condition
This can occur any time an alarm comes on during program operation. Since a program cannot be
restarted until RESET is pressed, a program execution cannot be continued from the stopping
point. Alarms can be caused by programming errors or machine faults. Use the Graphics simula-
tion mode to test your program first for errors.

4) Power-off
This will stop all motors within one second but does not guarantee any conditions when the
machine is powered-on again.
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EMERGENCY STOP SWITCH

The EMERGENCY STOP switch is normally closed. If the switch opens or is broken, power to the servos will
be removed instantly. This will also shut off the tool changer, spindle drive, and coolant pump. The EMER-
GENCY STOP switch will shut down motion even if the switch opens for as little 0.005 seconds.

Be careful of the fact that Parameter 57 contains a status switch that, if set, will cause the control to be
powered down when EMERGENCY STORP is pressed.

You should not normally stop a tool change with EMERGENCY STOP as this will leave the tool changer in an
abnormal position that takes special action to correct.

Note the tool changer alarms can be easily corrected by first correcting any mechanical problem, pressing
RESET until the alarms are clear, selecting ZERO RETURN mode, and selecting AUTO ALLAXES.

If the shuttle should become jammed, the control will automatically come to an alarm state. To correct this,
push the EMERGENCY STOP button and remove the cause of the jam. Push the RESET key to clear any
alarms. Push the ZERO RETURN and the AUTO ALL AXES keys to reset the Z-axis and tool changer. Never
put your hands near the tool changer when powered unless the EMERGENCY STOP button is pressed.

Work BEacons

The red and green work beacons located directly on top of the control arm allow the operator to monitor the
machine status.

While a program is running normally, the GREEN beacon will be on.

The beacon will flash GREEN if:

the operator selects FEEDHOLD or SINGLE BLOCK stop.

- the control is in a MO0, MO01, M02, M30. It will stop flashing when
RESET is pressed. If the control is in an M02 or M30, and door
hold overide is not on, the beacon will stop flashing when the door
is opened.

The beacon will flash RED if: - the control encounters an alarm, such as when EMERGENCY
STORP is pressed. It will stop flashing when RESET is pressed
to clear all alarms.
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3.15 PART PROGRAM STORAGE AND EDIT

When using anything other than HELP or Messages function, alphanumeric key entries are displayed along the
bottom line of the CRT. This is called the data entry line. When the line contains what you want to enter, press
the WRITE, ALTER, or INSERT key as appropriate.

When the HELP display is selected, the alphanumeric keys are used to select one of the topics; so they are
not displayed on the data entry line of the CRT.

When the Message function is selected, the cursor is positioned on the screen and you type directly into the
display.

CREATING PROGRAMS

To create a new program, you must be in the PRGRM/CONVRS display and LIST PROG mode. Enter O (letter,
not number) and a five digit program number and press SELECT PROG. The selected program is the “Main”
program and is the one you will see on the MEM and EDIT modes. Press EDIT to show the new program. A
new program will consist of only the Onnnnn and an EOB (;). All further entries are made by typing a letter
followed by a numeric value and pressing INSERT, ALTER, or WRITE. All items entered into a program are
either addressed data (a letter of the alphabet followed by a number), a comment (text surrounded by parenthe-
sis), or the End-Of-Block (EOB or;).

The CURSOR up and down keys can be used to search for the entered value. Simply enter the value to
search for on the bottom line and press the CURSOR up or down keys. The CURSOR up key will search for
the entered item backwards to the start of the program. The CURSOR down key will search forward to the end
of the program. Searching also works in MEM mode. If you enter a letter without a number, the search will stop
on the first use of that letter with any value.

NOTE: When INSERT is pressed, the new data is putin after the highlighted data. The
CURSOR up, down, left, and right keys are used to selectthe highlighted item.
The PAGE UP and PAGE DOWN keys move farther distances and the HOME
and END keys go to the start or end of the program. All of these keys work in
EDIT, MEM, and MDI modes.

A comment can be edited without entering the entire comment again. Simply highlight the characters you wish
to change, enter the new characters, and press ALTER. To add characters move the cursor to where text is to
be added, enter the new characters, and press INSERT. To remove characters highlight the characters and
press DELETE. Use the UNDO button to reverse any changes. The UNDO button will work for the last nine
entries.

After creating a program, the name can be very easily changed by simply altering the Onnnnn on the first line.
If the maximum number of programs are already present, the message “DIR FULL” will be displayed and the
program cannot be created. The maximum number of programs in memory is 200.
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EbpIiTING PROGRAMS

The EDIT mode is used to make changes to a program already in memory. If a program does not exist yet, the
LIST PROG mode is used to create it. A newly created program contains only the program Onnnnn name and
an EOB.

To enterthe EDIT mode, press the EDIT mode key. The screen will display the current program. If no program
file exists, program O0000 will be displayed. To change a program name, move the cursor to the existing
Onnnnn, type in the letter “O” followed by a four digit number, such as 01234, and press the ALTER key. The
upper right hand screen will display the new program number. Your data will first appear in the lower left screen
and will be input to the upper screen upon pressing INSERT, ALTER, or WRITE.

To enter a program from the keypad, type in the data you wish and press the INSERT key. More than one
code, such as X, Y, and Z, can be entered before you press INSERT. After a program is entered, you may wish
to change the data. Highlight the characters you wish to change, enter the new characters, and press ALTER.
To add characters move the cursor to where text is to be added, enter the new characters, and press INSERT.
To remove characters highlight the characters and press DELETE. Use the UNDO button to reverse any
changes. The UNDO button will work for the last nine entries.

The CURSOR up and down keys can be used to search for the entered value. Simply enter the value being
searched for on the bottom line and press the CURSOR up or down keys. The CURSOR up key will search for
the entered item backwards to the start of the program. The CURSOR down key will search forward to the end
of the program. Searching also works in MEM mode. If you enter a letter without a number, the search will stop
on the first use of that letter with any value.

You can change to a different program while in the EDIT mode by using the CURSOR up and down keys,
enter Onnnnn on the input line and then press the CURSOR up and down keys or the F4 key. Onnnnn is the
program you wish to change to.

The jog handle can be used to move the cursor during editing. Parameter 57 is used to enable this function. If
enabled, the handle will act like the CURSOR left and right buttons.

Background editing is also possible with this machine and is now a standard feature. If background editing is
available on your control, all of the above editing functions can be used while a program is running in MEM.

Background edit is described in detail later on in this chapter.

Editing error messages:

Guarded Code You tried to remove the Onnnnn from start of a program.

Bad Code A line contained invalid data or comment over 80 characters.

Editing Error Some previous edit was not completed; fix the problem or press UNDO.
Bad Name Program name Onnnnn is invalid or missing.

Invalid Number The number with an alphabet code was invalid.

Block Too Long A block may only be 256 characters.

No Code An insert was done without any data to insert.

Can’'t Undo May only use undo for previous nine changes.

End Of Prg End of prog EOB cannot be deleted.
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BackGrounp EpiT

As a standard feature, this machine is shipped with a BACKGROUND EDIT capability. With BACKGROUND
EDIT, you may edit a program in memory while any other program is being run. BACKGROUND EDIT can be
enabled and disabled by Parameter 57.

BACKGROUND EDIT is selected from MEM mode when in PROGRAM DISPLAY by typing Onnnnn for the
program you want to edit and pressing F4. If you do not enter the Onnnnn, you will instead get the PROGRAM
REVIEW display.

While in BACKGROUND EDIT, you may perform any of the operations available in the EDIT mode. The last five
lines of the CRT will, however, display the status of the running program and the top line will show the name
and line number of the running program.

Selecting any other display or pressing F4 will exit from BACKGROUND EDIT. In order to list the programs that
are in memory, a display function is available to view the program memory list while a program is running. This
display is called LIST. It is selected by pressing the LIST PROG button while a program is running. The display
is just like the LIST PROG mode display but it does not allow any send, receive, copy, select, or erase func-
tions.

The CYCLE START button may not be used while in BACKGROUND EDIT. If the program contains an MO0
stop, you must exit BACKGROUND EDIT and then press CYCLE START to resume the program.

All of the changes made during BACKGROUND EDIT are saved in a different memory area until the running
program stops. This means that you can even edit the program that is running, or any of its subprograms, and
those changes will not affect the running program.

The first time you select a program for BACKGROUND EDIT, you will get the message PROG EXISTS if the
program is already in memory or NEW PROG if it is not. The NEW PROG message means that the program is
being created and will be initially empty. In either case, you will then be able to edit that program. The second
time you select a program for BACKGROUND EDIT without stopping the running program, you will get the
message SECOND EDIT.

When you are in BACKGROUND EDIT and the running program finishes, the display will automatically change
to the PROGRAM DISPLAY and will show the program that just finished running. To continue editing your
program, you must select it with LIST PROG and then display it in EDIT mode.

BACKGROUND EDIT is not available from MDI or from DNC operating modes

DELETING PROGRAMS

110

To delete an existing program, you must be in LIST PROG mode. The programs will be listed here by program
number. Use the CURSOR up or down keys to highlight the program number, or type in the program number
at the blinking cursor, then press the ERASE PROG key.

All the programs in the list may be deleted by selecting ALL at the end of the list and pressing the ERASE
PROG key. Use caution when deleting single programs, and read all prompts, to ensure that ALL programs are
not selected. The UNDO key will not recover programs that are deleted.
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SpreciaL Function KEys

The F1, F2, F3, and F4 buttons perform different functions depending on what display and mode is selected.
The following is a quick summary of the Fn buttons:

F1 In EDIT mode and PROGRAM DISPLAY, this will start a block definition.
In LIST PROG mode, F1 will duplicate a program already stored and give it a new name from
the command line.

In OFSET display, F1 will set the entered value into the offsets.

F2 In EDIT mode, PROGRAM DISPLAY, this will end a block definition.
In OFSET display, F2 will set the negative of the entered value into the offsets.

F3 In EDIT and MDI modes, the F3 key will copy the highlighted circular help line into the data entry
line at the bottom of the screen. This is useful when you want to use the solution developed for a
circular motion. Push INSERT to add that circular motion command line to your program. In the
calculator HELP function, this button copies the value in the calculator window to the highlighted
data entry for Trig or Circular Help.

F4 When in EDIT mode with no program running, entering Onnnnn in the input line and pressing
F4 will change the program being edited to Onnnnn.

When in MEM mode and PROGRAM DISPLAY, F4 can be pressed to select either BACKGROUND EDIT or
PROGRAM REVIEW. BACKGROUND EDIT is selected by entering the program number at the input line and
pressing F4. BACKGROUND EDIT can only be selected when a program is running. PROGRAM REVIEW
can be selected whether or not a program is running, simply by pressing F4. If a program is running, PRO-
GRAM REVIEW will show the running program on the left half of the screen, and allows the operator to review
the program on the right half of the screen.

In the calculator HELP function, F4 uses the highlighted Trig, Circular, or Milling data value to
load, add, subtract, multiply or divide with the calculator.

THe UNDO Key

A very powerful keyboard button available in this control is the UNDO button. When editing, this button will
allow you to basically undo any changes or edits you have made but wish you hadn’t. Any time you use the
INSERT, ALTER, or DELETE buttons, the condition of the original block is saved and can be restored with the
UNDO button. In fact, the previous nine changes can be undone in the opposite order that they were entered by
pressing the UNDO button for each change that is to be backed out.

The UNDO button can be used in EDIT, BACKGROUND EDIT, and MDI. But if you change operating modes
between EDIT and MDI, you cannot use the UNDO button as the list of saved data is cleared.
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BLock OPERATIONS

Block operations can be performed on a group of one or more blocks of the program. These operations include
BLOCK DUPLICATE, BLOCK MOVE, and BLOCK DELETE. Prior to a block being defined, the bottom right of
the screen shows how to define a block; the F1 key is pressed when the cursor is on the first line of the block
and the F2 key is pressed when the cursor is on the last line of the block.

Once a block is defined, the lower right of the screen shows how to manipulate the block; the INSERT key is
used to duplicate the defined block wherever the cursor is positioned, the DELETE key is used to delete the
block, the ALTER key is used to move the block, and the UNDO key cancels the block definition.

When a block is defined, the cursor is indicated by the “ > “ symbol and is always at the beginning of a line.
When a block is copied or moved, the lines are added after the block with the cursor. Only whole command
lines may be moved with the block functions.

Parts of programs can be copied from one program to another with the block copy feature. This is done by
highlighting the section of code that is to be copied using the F1 and F2 keys. Once a section of code is
highlighted, you then change to another program by selecting an existing program or create a new one. Cursor
to the location that the previously defined block is to be inserted and press the INSERT or write key. A copy of
the defined block will be inserted into the current program and the copied code segment becomes the cur-
rently-defined block. Press the UNDO key to exit the BLOCK COPY mode.

Blocks of code can be copied into an MDI program, but blocks of code cannot be copied from an MDI program
into another program. You can always rename the MDI program and then copy its text to any other program in
the manner described above.
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3.16 PART PROGRAM INPUT/OUTPUT

RS-232 Dara INnpuT/OuTtPUT

Programs are sent or received through the first RS-232 port located on the rear control box pendant side. Note
that this is the top connector. All data sent or received is ASCII. In order to use this port, you will need to obtain
a cable and connectors with the following wiring:

pin#1 Shield Ground pin#2 TXD-Transmit Data
pin#3 RXD-Receive Data pin #4 RTS (optional)
pin#5 CTS (optional) pin #7 Signal Ground

Cables for the RS- 232 must be shielded

The following lists baud rate and the respective maximum cable length. This list assumes proper cable shield-
ing and no signal boost.

9,600 baud rate: 100feet (30m) RS-232
38,400 baud rate: 25 feet (8m) RS-232
115200 baud rate: 6 feet (2m) RS-232

It is possible to use RS-232 to RS-422 converters on each end of the cable to accomplish longer cables at up
to 115,200 baud. Proper twisted pair wire greatly improves reliability and increases maximum distance. A
pentium processor should be used for baud speed of 115,200.

pin 1

All other pins are optional and are not usually used. The RS-232 connector is a DB-25 and is wired as a DTE.
This means that we send data on the TXD wire and receive data on the RXD wire. If you do not understand this,
your dealer will be glad to help. The simplest connection would be to an IBM PC that can be done with a
standard cable made up of a DB-25 male on one end and a DB-25 female on the other. Pin 2 at one end is
wired to pin 3 at the other end, pin 3 to pin 2 and pin 7 is wired to pin 7.
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All RS-232 data is ASCII but the number of bits, parity and speed can be changed from settings. The number of
data bits is selected with Setting 37 for either 7 or 8. Parity is selected with Setting 12 and is none, even, odd,
or zero. Zero parity will always set the parity bit to 0. The data speed is selected with Setting 11.

Once the connection to your computer has been made and verified, go to the Setting page and set the baud
rate, parity, number of stop bits, end of block (EOB) format, and leader parameters to match your require-
ments.

All programs sent to the control must begin with a line containing a single % and must end with a line contain-
ing a single %. All programs sent by the control will have these % symbols.

To receive a program, push the LIST PROG key. Move the cursor to the word ALL and push the RECV RS-232
key and the control will receive all main and sub programs until it receives a % sign indicating end of input.
Please note that when using “ALL”, all your programs must have an address Oxxxxx to be filed. If you do not
have a program number, type in the program number before you push RECV RS-232 and the program will be
stored under that number. You can also select an existing program for input and it will be replaced. An ASCII
EOF character (code 04) will also terminate input. The colon character (:) may be used in place of the O for a
program name, but it is always displayed as O.

When receiving RS-232 data, there is a status message at the bottom of the screen. It will update as follows:

WAITING When you first press RECV RS-232.

LOADING XXX When first % is received; if in XMODEM, XXX is the current block being loaded.
LOADING Onnnnn When program name is received.

RS232 DONE When complete and last % is received.

RS232 ABORT When anything causes abnormal stop.
There is a maximum of 200 programs stored in this control at a time.

To send a program, use the cursor as above to select the program and push the SEND RS-232 key. You can
select “ALL” to send all of the programs in memory. A setting can be turned on to add spaces to the RS-232
output and improve the readability of your programs.

The synchronization protocol used to send data to slower computers is selected from the Setting 14. Setting
14 may be set to XON/XOFF, RTS/CTS, DC CODES, or XMODEM. Transmission can be stopped with either
the XON/XOFF characters orthe RTS/CTS wires.

Parameters, settings, offsets, and macro variables pages may also be sent individually via RS-232 by selecting
the “LIST PROG” mode, selecting the desired display screen, and pushing the SEND key. They can be re-
ceived by pushing the RECV key.

The settings that control RS-232 are:

11 BAUD RATE

12 PARITY

13 STOPBITS

14 SYNCHRONIZATION

24 LEADER TO PUNCH
25 EOB PATTERN

37 NUMBER DATABITS
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The EOB (semicolon) character is not normally sent by the RS-232 port. If it is received by the input port, it will
cause a blank line in the program.

The format of data sent and received for parameters, settings, and offsets is the following:

%

NO Vnnnnnn
N1 Vnnnnnn
N2 Vnnnnnn

%

The format of data sent and received for macro variables is the same as above except there is a line N9999,
and no line NO. The N number is the data number and V is the value. NO is a CRC code that is computed by
the control prior to sending the data. The NO value is mandatory with parameters but is optional with settings
and offsets. If you make a change to some saved data value and leave the old CRC, you will get an alarm when
you try to load that data. With settings and offsets, you should delete the NO line if you make changes to the
saved data.

Note: Data will be loaded even though an alarm has been generated.

Data that is received garbled is usually converted into a comment and stored into your program while an alarm
is generated. In addition, any parity errors or framing errors will generate an alarm and they will also stop the
receive operation.

At the end of a send or receive function, the bottom left corner of the display will show either: “RS232 DONE”
for normal completion or “RS232 ABORT” if any errors cause it to stop. The actual errors are listed in the
ALARM display.

The Haas CNC serial ports optionally support the full DC1, DC2, DC3, DC4 code sequence that is compatible
with paper tape readers and punches. Setting 14 is used to select this mode of operation. Setting 14 can be
set to “DC CODES”. When this setting is selected, the following occurs:

1) When sending out of the serial port, a DC2 (0x12) will precede all other data. This code is used to
turn on a paper punch.

2) When sending out of the serial port, a DC4 (0x14) will follow all other data. This code is used to
turn off a paper tape punch.

3) When receiving from the serial port, a DC1 (0x11 Xon) is sent first. This code is used to turn on a
paper reader.

4) When receiving from the serial port, a DC3 (0x13 Xoff) is sent after the last % is received. This
code is used to turn off a paper tape reader.
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Note that the Setting 14 selection XON/XOFF is similar to the “DC CODES” selection. Both of these settings
use the DC1/DC3 XON/XOFF codes to start/stop the sender when data is received too fast. When DC CODES
is selected for Setting 14 (synchronization), serial port #1 will transmit an XON (DC1) if a character has not
been received for five (5) seconds.

XMODEM may also be selected in setting 14. It is a receiver—driven communications protocol that sends data
in blocks of 128 bytes. Setting synchronization to XMODEM gives your RS-232 communication an added
level of reliability because each block is checked for integrity. If the receiver determines that the most recently
sent block is in error, it will request that the sender try to send the block again.

In order to use XMODEM, parity must be none, and RS-232 data bits must be set to 8. Also, the computer
that is sending the data must be equipped with a communications package that supports the XMODEM
protocol. It must be set to XMODEM to operate.

This version of XMODEM supports checksum verification only. Also, 512 bytes of memory must be available
before using XMODEM with DNC. XMODEM must use 8 data bits and no parity.

WARNING!

One of the biggest causes of electronic damage is a lack of a good
earth ground on both the CNC and the computer that is connected by
RS-232. A ground fault condition (i.e., a lack of good ground on both)
will damage the CNC or the computer, or both.

Port #2 on the side cabinet is dedicated to auxiliary axes communication. See Auxilary Axis Control for further
more information.

Direct NumEericaL ConTroL (DNC,

As a standard feature, this machine is shipped with a DNC capability. With DNC, there is no limit to the size of
your CNC programs. The programs are directly executed by the control as they are sent over the RS-232
interface. Note, that this is the first serial port or the top connector. Do not confuse DNC with RS-232 uploading
and downloading.

If you wish to use DNC, it is enabled by Parameter 57 and Setting 55. When enabled, DNC is selected by
pressing MDI a second time when already in MDI. DNC mode will not be enabled unless there is a minimum of
512 bytes of user memory available. When DNC is selected, the PROGRAM DISPLAY will show:

WAITING FORDNC...

This means that no DNC data has been received yet and you may begin sending data. You must start sending
the program to the control before the CYCLE START button can be pushed. After the beginning of the program
is seen by the control, the display will show part of the program and a message at the bottom, left of the CRT

will show DNC PROG FOUND. After the program is found, you may push CYCLE START just like running any

other program from Memory.
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If you try to press CYCLE START before receiving a program, you will get the message: NO DNC PROG YET.
The reason for not allowing the command of CYCLE START before receiving the DNC program is for safety. If
the operation is allowed to start from a remote location, the operator may not be present to ensure that the
machine is operating safely.

While a DNC program is executing, you are not allowed to change modes. You must first press RESET to stop
the program.

When the end of the DNC program is received, the message DNC END FOUND is displayed. When the DNC
program is finished running, the PROGRAM DISPLAY will show the last few lines of the program. You must
press RESET or exit the DNC mode before you can run any other programs. If you try to press CYCLE START
before RESET of the previous DNC, you will get the message: RESET FIRST.

DNC supports Dripmode. The control will execute one block at a time from the RS-232 port. Each block
entered will be executed immediately with no block lookahead buffering. The exception is that Cutter Compen-
sation requires three blocks of motion commands to be buffered prior to a compensated block being executed.

There are several restrictions on what can be in a DNC program. An M98 Pnnn may not be programmed to
jump to another part of your program. An M30 is allowed, but it will not reset to the beginning of the program.

The program must begin with a % just like any other program sent over RS-232 and the program must end with
a %. The data rate selected for the RS-232 port by settings must be fast enough to keep up with the rate of
block execution of your program. If the data rate is too slow, the tool may be stopped in a cut when you might
otherwise expect continuous cutter motion. The highest standard RS-232 data rate available is 115,200 bits per
second (VF-E data rate is 38,400).

It is recommended that DNC be run with Xmodem or parity selected because an error in transmission will then
be detected and will stop operation of the DNC program without crashing. The settings page is used to select
parity. The recommended RS-232 settings for DNC are:

9600 or 19200 BITS PER SECOND
EVEN PARITY

RS-232 DATABITS: 7

1STOPBIT

XON/XOFF

Full duplex communication during DNC is possible by using the G102 command or DPRNT to output axes
coordinates back to the controlling computer. When DNC is running, BACKGROUND EDIT is not available.

To run DNC in graphics, you must select DNC first , then go to graphics display and send your program to
the CNC
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FLopPPy OPERATION

All files must be onMS DOS formatted 1.44M floppy disks and must reside in the root directory. Parameter
209 FLOPPY ENABLE must be 1.

Note: Use an empty (containing no other files) floppy disk for faster operation.

All programs must begin with a line containing a single % and must end with a line containing a single %. All
programs saved by the control will have these % symbols.

Programs may be loaded and saved from the floppy disk. To LOAD a program, press the LIST PROG key with
PRGM selected. Enter the floppy file name and press F3 and the control will receive all main and sub
programs until it receives a % sign indicating end of input. Please note that when using “ALL”, all your pro-
grams must have an address Oxxxx to be filed. An ASCIlI EOF character (code 04) will also terminate input.
The colon character (:) may be used in place of the O for a program name, but it is always displayed as O.

When loading floppy data, there is a status message at the bottom of the screen. It will update as follows:

LOADING Onnnnn When program name is received.
FLOPPY DONE When complete and last % is received.
FLOPPY ABORT When anything causes abnormal stop.

There is a maximum of 200 programs stored in this control at a time.

To SAVE a program to floppy, press the LIST PROG key with PRGM selected. Enterthe floppy file name, use
the cursor as above to select the program, and press the F2 key. You can select “ALL” to send all of the
programs in memory.

Note: To load or save a program numbered 9000 thur 9999, Setting 23 must be off.

Parameters, Settings, Macro Variables, and Offsets may also be sent individually to the floppy disk by
selecting the “LIST PROG” mode, entering the floppy file name, selecting the desired display screen (PARAM,
SETNG, OFSET, or the Macro Variables page of CRNT CMDS), and pressing the F2 key. They can be received
by pressing the F3 key.

If an EOB (semicolon) is loaded, it will cause a blank line in the program.
The format of data sent and received for settings, offsets, and parameters is the following:

%

NO Vnnnnnn
N1 Vnnnnnn
N2 Vnnnnnn

%
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The N number is the data number and V is the value. NO is a CRC code that is computed by the control prior to
sending the data. The NO value is mandatory with parameters but is optional with settings and offsets. If you
make a change to some saved data value and leave the old CRC, you will get an alarm when you load that
data. With settings and offsets, you should delete the NO line if you make changes to the saved data.

Data that is received garbled is usually converted into a comment and stored into your program while an alarm
is generated. Errors generating an alarm may also stop the receive operation.

To get a DIRECTORY LISTING, select the PRGM/LIST PROG mode, and press F4. This will generate a Disk
Directory Listing that will be saved in program 0xxxx where xxxx is defined in parameter 227. The default value
is 8999.

On the List Prog page, type "DEL <filename>" where <filename> is the name of a file on the floppy disk. Press
write. The message "FLOPPY DELETE" will appear, and the file will be deleted from the floppy disk.

At the end of a save or load function, the bottom left corner of the display will show either: “FLOPPY DONE” for
normal completion or “FLOPPY ABORT” if any errors cause it to stop. The actual errors are listed in the
ALARM display.

Froprpy - DiIREcTt NumEericaL ConTroL (DNC,

As a standard feature, this machine is shipped with a DNC capability. With DNC, there is no limit to the size of
your CNC programs, except the space on the floppy disk. The programs are directly executed by the control
as they are sent from the floppy drive.

If you wish to use DNC, it is enabled by Parameter 57 and Setting 55. When enabled, DNC is selected by
entering the floppy file name, and pressing MDI a second time when already in MDI. (Note: Do not press MDI
three consecutive times, or a “FLOPPY ABORT” will result). DNC mode will not be enabled unless there is a
minimum of 512 bytes of user memory available. When DNC is selected, the PROGRAM DISPLAY will show:

WAITING FORDNC...

This means that no DNC data has been received yet and you must enter the filename and press F3. You must
do this before the START button can be pushed. After the beginning of the program is seen by the control, the
display will show part of the program and a message at the bottom, left of the CRT will show DNC PROG
FOUND. After the program is found, you may push CYCLE START just like running any other program from
Memory.

If you try to press START before receiving a program, you will get the message: NO DNC PROG YET. The
reason for not allowing the command of START before receiving the DNC program is for safety. If the operation
is allowed to start from a remote location, the operator may not be present to ensure that the machine is
operating safely.

While a DNC program is executing, you are not allowed to change modes. You must first press RESET to stop
the program.
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When the end of the DNC program is received, the message DNC END FOUND is displayed. When the DNC
program is finished running, the PROGRAM DISPLAY will show the last few lines of the program. You must
press RESET or exit the DNC mode before you can run any other programs. If you try to press START before
RESET of the previous DNC, you will get the message: RESET FIRST.

There are several restrictions on what can be in a DNC program. An M98 Pnnn may not be programmed to
jump to another part of your program. An M30 is not allowed as it is not possible to start over at the beginning.
The program must begin with a % just like any other program sent from the floppy disk and the program must
end with a %.

When DNC is running, BACKGROUND EDIT is not available.

In order to run Graphics, you must first select DNC mode, then go to the graphics display, and enter a file
name and press F3.
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3.17 DRy Run OPERATION

The DRY RUN function is used to check a program quickly without actually cutting parts. DRY RUN is selected
by pressing the DRY RUN button while in MEM or MDI mode. When in DRY RUN, all rapids and feeds are run
at the DRY RUN speed selected from the JOG speed buttons. The bottom of the screen will display the rate as
100, 10, 1.0 or 0.1 inches per minute.

DRY RUN cannot be turned on while a program is running. It can only be turned on or off when a program has
completely finished or is reset. The first push of the DRY RUN button turns on this function and the second
push will turn it off again. DRY RUN will still make all of the requested tool changes. The speed used in DRY
RUN can be changed at any time and the operator can then check that the motions that are programmed are
exactly what were intended. Note that Graphics mode is just as useful and may be even safer since it does not
begin moving the machine before the program is checked.

3.18 DispLAYS

You can select any of the following displays using the eight DISPLAY select buttons:

PRGRM/CONVRS To show or edit the program selected OR to select conversational mode

(QuickCode)
POSIT To show the axes positions.
OFSET To show or enter working offsets.
CURNT COMDS To show current commands and times.
ALARM/MESGS To show alarms and user messages.
PARAM /DGNOS To show parameters and diagnostic data.
SETNG/GRAPH To show or enter settings OR to select graphics simulation mode.
HELP/CALC To show the help data and calculator.

In addition, when a program is running, you may press LIST PROG to select a list of the programs in memory.
This is helpful in determining which programs can be edited in BACKGROUND EDIT, which is selected from the
PROGRAM display.
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The screen will ALWAYS show some of the current conditions selected in the control. These are fixed status
displays that describe the condition of the machine. The following conditions are displayed on the screen:

122

The selected display in the top left corner,

The selected mode in parentheses,

The presently selected program in the top right corner,
The most recent line number in the top right corner,
Up to 18 lines of variable display data,

Any of the following conditions that apply:

ALARM Blinking in lower right corner when alarm occurs.
BLKDEL BLOCK DELETE is turned on.

BUF When next block is ready in continuous path.
DOORHOLD An open door has stopped the program.
DRYRUN DRY RUN is selected.

DWELL When a G04 is being performed.

FEED When a feed motion is in progress.

FEED % Feed rate override is active.

FEED HOLD FEED HOLD is active.

OPTSTP OPTIONAL STORP is turned on.

RAPID % Rapid override is active.

RUNNING When a program is running.

SINGBK SINGLE BLOCK is turned on.

SINGBK STOP When a program is stopped in SINGLE BLOCK.
SPIND % Spindle speed override is active.

TOOL UNCLP Reverse video when the tool is unclamped.
XYZA-MIR These axes are set to mirrorimage.

The following error messages are received when the wrong button is pressed.

ALARMON Cannot start an operation until alarms are reset.
ALTER The selected text can now be altered.

AUXAXIS BUSY One or more auxiliary axes are busy in an operation.
BAD CODE Code entered is not understood.

BAD FILE NAME Not a valid file name.

BAD NAME Name entered is not Onnnnn.

BLOCK TOO LONG Block being edited would be too long.

CAN NOT COPY The selected program can not be copied.

CAN'T RENAME The selected program cannot be renamed.

CAN'T UNDO! The last function can not be undone.
CNVEYRDISABLED Chip conveyor has been disabled by parameters.
COOLANT OFF Coolant pump is off.

COOLANT ON Coolant pump is on.

DELALL (Y/N) ? Delete all, yesorno ?

DELETE Deleting text as requested.

DIR FULL Maximum number of programs exceeded.

DIRNOT FOUND Directory of floppy disk not found.

DISABLED AXIS Requested axis has been disabled, and cannot be jogged.

DISKNOT INDRV
DISKNOT RDABLE
DISKWRT PROTECT

No disk in floppy drive.
Floppy disk cannot be read by control.
Cannot save to floppy disk, it is write protected.
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DISPLAYS OFF
DIVIDE BY ZERO
DNC END FOUND
DNC PROG READY
DOOR IS OPEN
EMPTY PROG

END FOUND

END OF PROG
EOF FOUND
EXITBGEDIT
FILENOT FOUND
FLOPPY ABORT
FLOPPY DIR
FLOPPY DONE
FLOPPY FOUND
FLOPPY READ
FLOPPY WRITE
FLPY NAME REQ
FLPY NOT ENBLED
FUNCTIONABORT
FUNCTION LOCKED
GUARDED CODE
INSERT

INSUF DSK SPACE
INVALID AXIS
INVALID NUMBER
JOG COMD
LOADING...
LOWAIR PR

LOW COOLANT
MACHINE LOCKED
MACRO LOCKED
MEMORY FULL
MEMORY LOCKED
NEW PROGRAM
NO DNC PROG YET
NO FLOPPY FOUND
NO INPUT

NO NAME ENTRY
NO PROG YET

NO ZEROA

NO ZERO X
NOZEROY

NO ZERO Z

NOT AVAILABLE
NOT FOUND

NOT IN DRYRUN

ONE BIT ONLY
ONE PROG ONLY
OVERWRITE (Y/N)
PLEASE WAIT
PROGEXISTS
PROG NOT FOUND

\F-ZE5ES

Indicates that M76 was used to turn off displays.

An attempt was made to divide by zero in calculator mode, or system error exists.
The end of a DNC program has been found.

The DNC program is ready to run.

The door is open; some functions not allowed.

No program found between the % and %.

End of program has been received.

The program being run has completed.

End of file is found.

Must exit Background Edit mode to perform this function.

The file was not found.

Something caused an abnormal stop.

The directory of files on the floppy disk.

When complete, and last % is received.

Floppy drive is present.

Reading from floppy drive.

Writing to floppy drive.

Floppy file must be named.

Floppy drive has not been enabled by parameters.

Requested function has been aborted.

Function attempted is locked from settings.

Cannot remove Onnnnn at start of program.

Selected text now being inserted.

Insufficient disk space to save the selected file.

Selected axis is invalid.

Number entered is invalid.

An axis jog has been commanded.

Reading programs or data from RS-232.

Air pressure is low.

Low level in coolant tank.

Front panel has been locked by setting.

Macros 9000 to 9099 are locked by setting.

Memory space is full.

Memory lock is set in settings.

A new programa may be entered.

Attempted to start program before it was completely received.
Cannot find the floppy drive.

Cannot alter until something has been entered.

No file name has been entered.

Cannot press Cycle Start until a program is received.

Cannot run machine until search for zero is complete on A-axis.
Cannot run machine until search for zero is complete on X-axis.
Cannot run machine until search for zero is complete on Y-axis.
Cannot run machine until search for zero is complete on Z-axis.
Function requested is not available at that time.

Item not found during search in editor.

The function requested applies to DRY RUN, but control is not presently
in that mode.

Only 0 or 1 is accepted to alter a parameter switch.

Program name being selected cannot be ALL.

Do you want to overwrite the file, yes or no ?

Wait until spindle is stopped.

Cannot rename to an existing program.

Requested program not in memory.
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PROG READY
PROGRAM END
PROGRAM IN USE
RANGE ERROR
RESET FIRST
RIGID TAP

RS-232 ABORT
RS-232 DONE
RS-232 ERROR
SEARCHING...
SEL HI GEAR

SEL LOW GEAR
SENDING OFFSET
SENDING PARS
SENDING SETTING
SENDING VARS
SENDING...
SERVO IS OFF
SERVO IS ON!
SHUTTLEIN
SPEED COMD
SPINDLE CCW
SPINDLE CW
SPINDLE HIGH
SPINDLE IN USE

SPINDLE LOCKED
SPINDLE LOW
SPINDLE ORI
SPINDLE STOP
STRING TOO LONG
SYSTEM ERROR
TOOL CHLOCKED
TOOL CLAMP
TOOL OVERLOAD
TOOL UNCLAMP
TURRET IN
TURRET OUT
WAIT ORRESET

WAIT...
WAITING...
WRONG MODE

CIRCULAR
LINEAR

M30 FOUND
MO0 AFTER MO06
NO ZOOMIN 3D
RAPID

\[ e Series
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Program has been received and is ready to run.
Cannot remove last EOB in program.

Program is already in use.

Data being entered is outside of the valid range.

Must press RESET before performing this function.
Rigid tapping is being performed.

RS-232 was aborted by operator action.

RS-232 operation is complete.

RS-232 error (shown in alarms).

Searching program for requested text or G code.
High gear selected in program.

Low gear selected in program.

Sending offsets via RS-232.

Sending parameters via RS-232.

Sending settings via RS-232.

Sending variables via RS-232.

RS-232 output is in process.

When servos are off, you cannot start a program.
Parameter change was attempted with servo on. This is dangerous!
Tool changer is in position for a tool change.

A spindle speed must be commanded.

Spindle is turning counterclockwise.

Spindle is turning clockwise.

Spindle is in high gear.

Spindle is being controlled by program - manual controls not available
at this time.

Spindle is locked in place.

Spindle is in low gear.

Spindle is being oriented.

Spindle is not turning.

The text being entered is too long.

Call your dealer.

Tool changer has been disabled by parameter 57 bit 1.
The tool is in the spindle.

Cutting tool is overloaded.

The tool has been unclamped.

The tool changer is in position for a tool change.

The tool changer is out of position for a tool change.
Cannot perform requested function until program finishes or RESET is
pressed.

Requested function is being performed.

Waiting for RS-232 input.

Function requested is available only in another mode.

And the following responses, only when in graphics mode:

A circular motion is being performed.

A linear motion is being performed.

End of program found and execution stopped.
Cannot have an M0O after MO6.

Zoom is not allowed in 3D graphics mode.

A rapid motion is being performed.
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In addition, the screen display can show one of the following eight types of data in the 18 lines of variable
display:

Program Displays:
The PROGRAM DISPLAY is used to show your program while in either MEM, EDIT, or MDI modes.

Position Display:
The POSITION DISPLAY is used to select the X, Y, Z, or A axes positions in any of several coordinate sys-
tems. The PAGE UP and PAGE DOWN keys select between these.

Offsets Display:
The OFFSETS DISPLAY is used to enter and display tool length offsets, tool radius offsets, and work offsets.
The PAGE UP and PAGE DOWN keys will scroll between these.

Current Commands Display:

The CURRENT COMMANDS DISPLAY is used to display the Program Command Check, the Current Com-
mands, Running Timers, Tool Life Timers, Tool Load Monitor, and Axis Load Monitor. The PAGE UP and PAGE
DOWN keys select between these.

Alarms / Messages Displays:

The ALARMS/MESSAGES DISPLAY is used to display alarms and to enter and display user messages. The
second push of the ALARM button will select messages display. The CURSOR up and down buttons will
display additional alarms if there is more than will fit on one page.

Parameters / Diagnostics Displays:

The PARAMETERS DISPLAY shows all of the machine dependent control parameters and the Diagnostic data.
The second push of the PARAM / DGNOS button will select the diagnostic display. The PAGE UP, PAGE
DOWN, up and down cursor keys, and the jog handle can be used to scroll through the parameter display
screens in the control. The left and right cursor keys are used to scroll through the bits in a single parameter.

Settings / Graphics Displays:
The SETTINGS DISPLAY is used to display and change user controlled parameters. The second push of the
SETNG / GRAPH button will select the Graphics display.

Help / Calculator Displays:

The HELP DISPLAY shows a mini-manual on the CRT along with a directory of available help information.

Each alphabet button will select a different topic within the HELP display. The second push of the HELP
button will select the Calculator display. The PAGE UP and PAGE DOWN buttons will select different calcula-
tor functions.
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ProGram DispLAYS

The PROGRAM DISPLAY is used to show a program being edited in EDIT mode or a program being run in
MEM. In MEM mode, there is also a PROGRAM REVIEW display available.

The PROGRAM DISPLAY uses 18 lines of the text display area of the CRT to show the command blocks of a
CNC program. The display is 40 positions wide and blocks that are longer than 40 positions are continued on
the next line of the display.

The PROGRAM REVIEW function is available whenever a program is being run. This allows you to review the
program that is running. This is selected by pressing F4 while in MEM mode and PROGRAM DISPLAY. The
screen is changed to an 80 column display with the normal MEM display on the left and PROGRAM REVIEW
on the right. The CURSOR and PAGE UP and PAGE DOWN keys can be used to change the display on the
right to a different part of the program. The display on the left will show the progress of the running program.
To exit PROGRAM REVIEW, select any other display.

While you are running a program, the BACKGROUND EDIT function is available as a standard feature. BACK-
GROUND EDIT allows you to edit any named program in memory while any program is being run in memory.
BACKGROUND EDIT is selected from MEM mode in PROG display by entering Onnnnn with the program
number and pressing F4. The display will change to the selected program while still running the first program.
BACKGROUND EDIT is enabled by parameters in your machine.

Position DispLays

126

The following are the five position displays in this control:

Home Page

This display shows the four displays simultaneously in small characters. The other displays are shown in large
characters. The PAGE UP and PAGE DOWN keys will change displays. The coordinates displayed (operator,
work, machine, or distance to go) are selected using the cursor up and down keys. The last display selected
will be shown in CURNT COMDS and SETNG / GRAPH displays when they are selected. In this display, any
axis that is at the zero position will be highlighted. In the other four displays, the selected axis will be blinking.

Operator Display

This display is for the operator/setup person to use as desired, and is not used by the control for any position-
ing functions. In JOG mode, and with this display selected, the ORIGIN button can be used to set the zero
position. This display will then show position relative to the selected zero position.

Work Display

This display shows how far the tool is away from the X, Y and Z zero of the programmed part. On power up, it
will display the value in work offset G54 automatically. It can only be changed by G54 through G59, G110
through G129, or by a G92 command. The machine uses this coordinate system to run the part.

Machine Display

This display is the machine coordinate system that is automatically set on power up and the first ZERO RET.
It cannot be changed by the operator or any work coordinate systems, and will always show the distance from
machine zero. It can be used by a non-modal G53 command.

Distance To Go

This display is an incremental display that shows the travel distance remaining before the axes stop. When in
the ZERO RET mode, this display shows a diagnostic value. When in JOG mode, this display shows the total
distance jogged. In rigid tapping, this number decreases to zero at the bottom of the hole and then increases
again as the reverse stroke occurs.
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OFFsers DispLay

Tool length and part zero offsets are displayed and can be entered in the Tool Offsets display. There are 100 H
and D codes possible. The same offset number for both Z-axis offset (H1) and tool diameter compensation
(D1) can be used because the offset contains separate values for each. Work offsets can also be specified for
the fifth axis B address, in the work offset display. If the fifth axis is enabled (Setting 78), then additional data
fields are made available for the fifth axis.

PAGE DOWN in the OFSET display will go through all 100 possible tool offsets and then change to the work
zero offsets. PAGE UP will go directly to work zero offsets. The jog handle can also be used to scroll through
the offsets. Work zero offsets may be entered and displayed from this page or using the PART ZERO SET
key. Referto the "Setup Procedures" section for more information on using this key.

When entering offsets, pressing F1 will set the value to your entry. Pressing WRITE will cause the new value
to be added to the old value. This allows small adjustments to be made to the offsets. Note that entering a
negative entry and pressing WRITE will decrease the value of the offset. F2 will set the negative of the entered
value into the offsets.

There is a geometry and wear value with each offset and these are added together by the control during
operation. The initial value is entered into the geometry column by the setup person. During operation, the
operator makes minor wear changes in the wear column. This method allows the operator to see actual tool
wear by limiting it to the wear column. The geometry values can also be entered automatically by using the
TOOL OFSET MESUR key during setup procedures. Note that this automatic offset measurement works with
G43 only. Referto the "Setup Procedures" section for more information on using the TOOL OFSET MESUR
key.

The function of the offset display page has been modified slightly to accommodate multiple axes. Only the
axes that are enabled are displayed on the work offset display. For example, if the fourth axis is enabled
(Setting 30), and the fifth axis is not, then the display will show X,Y,Z,A. In this case, all axes can be dis-
played on the entire display. If only the fifth axis is enabled, then the display will show X,Y,Z,B. Since the
fourth axis is disabled, there is no need to display it.

If both the A and B axes are enabled, then the last column of the offsets display serves a dual purpose. Either
A or B can be accessed in the last column. By using the left or right arrow keys, the screen cursor can be
moved into the axis field that is to be set. When the rightmost field is highlighted by the cursor and the top of
the column indicates A, then the values in this column represent A axis offsets. If you press the right arrow
key once, the cursor stays in the same place, but the column and its values will change to B axis parameters.
You can view and modify work offsets in this manner using the left and right arrow keys when both axes are
enabled.

Setting 15, "H & T Code Agreement", may be used to force the spindle tool number and offset number to be
equal; otherwise an alarm will occur. This is the preferred setting as it avoids crashes.

Tool diameter may be entered as either radius or diameter. Setting 40 is used to select between these. The
value used for cutter compensation is the sum of the geometry and wear values.

Cutter compensation is controlled by G41 and G42 and the selected tool diameter (D value). Positive values for
cutter compensation work normally. Negative values for cutter compensation cause the opposite side cutter
compensation to be used. This means that G41 with a negative number will be the same as G42 with the
same but positive number.
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Offsets may be sent and received with the RS-232 port. Referto the "Data Input / Output" section for a
description of how to do this.

When the COOLANT SPGT of Parameter 57 is enabled, the CLNT POS column of the offset display is acces-
sible. The spigot can be positioned when an M08 is encountered in a program. The current H code is used by
the M08 to determine where to position the coolant spigot. If offset #5 (H05) has 10 entered underthe CLNT
POS column, the spigot will be moved to position 10. When the cursor is positioned on the CLNT POS
column, the current spigot position will be shown at the bottom of the display. If the spigot has not been
zeroed, the position will be blank.

The permissible values that can be entered into this column are controlled by Parameter 206, SPIGOT POSI-
TIONS. Entering a value of zero (0) indicates that the spigot will not be moved when an M08 code sequence is
encountered.

The following code sequence demonstrates how the spigot can be commanded:

Note: Thatthe toollength and radius offset numbers usually are the same as the tool

number
00001 (Sample coolant positioning)
T1MO06
G90 G54 GO0 X_Y_S1400 M03
G43 HO1 Z_MO08 (Moves spigot to H1 position)
T2 MO06
G90 G54 X_Y_S900 M03
G43 HO02 Z_MO08 (Moves spigot to H2 position)
G43 H42 Z.1M08 (Position to new location with a second offset H42)
(More than one offset number can be used for a tool if needed)
M30
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CURRENT CommANDS DispLAY

The following are the seven current command displays in this control:

Program Command Check (Home Page),
Current Display Command,

Operation Timers,

Macro Variables,

Tool Life Timers,

Tool Load Monitor,

and Axis Load Monitor.

The PAGE UP and PAGE DOWN keys are used to select among these displays.

Program Command Check Display

This display, which is the Home Page for the Current Commands Display, shows a current overview of the
important commands. It shows the programmed spindle speed (Snnnnn), the spindle speed commanded to
the spindle drive (CMDnnnnn), and if Parameter 278 bit ACT DISPLAY is set to 1, the actual encoder spindle
speed (ACTnnnnn). In addition, this display shows the CW, CCW, or stopped command being sent to the
spindle and the current gear position.

This display also shows the position of the axes. The coordinates displayed (operator, work, machine, or
distance to go) are selected using the cursor up and down keys.

If the spigot is enabled, the current spigot position will be displayed.

Current display command

This display shows all of the alphabetical address codes (i.e. G, M, S, H, D) and their current value. These
values may not be changed in this display. The default value is shown for the address codes that are not being
used in the current program.

Macro Variables Display

This display shows a list of the macro variables and their present values. As the control interprets a program,
the variable changes are displayed on this page and the results can be viewed. The variables may be modified
in this display. For more information on this display, refer to the "Macros" section of this manual.

Operation Timers Display
This display shows the current power-on time, cycle start time, and the feed time. These times may be reset
to zero by using the cursor up and down keys to highlight the desired title and pressing the ORIGIN button.

Listed below these times are two M30 counters that are used for counting completed parts. They may be set to
zero independently to provide for the number of parts per shift and total parts. Both counters are increased
when an M30 is operated.

Tool Life Display

This display shows the time the tool is in feed (Feed-Time), the time the tool is in the spindle (Total-Time), and
the number of times the tool has been selected (Usage). This information can be used to assist in predicting
tool life. The values in this display can be reset to zero using the Cursor and ORIGIN buttons. This is done by
putting the cursor on the title line, and pressing ORIGIN to zero all of the data in that column.
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This display may also be used to generate an alarm when a tool has been used a specific number of times.
The last column is labeled "Alarm", and if the number for a tool is not zero, an alarm will be generated when
that count is reached. This number can be changed by the operator. Alarm 362 is generated when the count
is reached, and may be cleared with RESET.

The tool that is currently in the spindle is highlighted.

Tool Load Monitor and Display

With the tool load display, the operator can enter the maximum load that is expected for each tool, and when
this load is exceeded in a feed, a certain action will be taken. This display provides for the entry of this alarm
point and also displays the largest load that tool has seen in any previous feed.

The tool load monitor function operates whenever the machine is in a feed operation (G01, G02, or G03). The
values entered into the tool load display are checked against the actual spindle motor load. If the limit is
exceeded, the tool overload action specified in Setting 84 (alarm, feedhold, beep, or Autofeed) will be taken. If
"alarm" is selected and the limit is exceeded, Alarm 174, "Tool Load Exceeded", will be generated. This alarm
will stop the axis motors and the spindle motor, turn off the coolant, and disable the servos.

During a feed the load exceeds the tool limit the AUTOFEED feature, if selected, will automatically override the
feed rate (reduce it) down to the percentage specified by parameter 301 (i.e. 1%) at the rate specified by
parameter 300 (i.e. 10% per second). If the tool load later falls below 95% of the tool load limit percentage, the
AUTOFEED feature will automatically override the feed rate (increase it) back to the feed rate that was in effect
at the start of the feed at the rate specified by parameter 299 (i.e. 20% per second). These adjustments will be
made in 0.1 second increments.

Axis Load Monitor
Loads are measured and displayed on the same screen forthe X,Y and Z axes. Note that the MAX% and
LIMIT% columns still apply to the spindle load.

ALarms / MEssAGEs DispLAYy

The ALARMS DISPLAY can be selected at any time by pressing the ALARM / MESGS button. When there are
no alarms, the display will show NO ALARM. If there are any alarms, they will be listed with the most recent
alarm at the bottom of the list. The CURSOR and PAGE UP and PAGE DOWN buttons can be used to move
through a large number of alarms. The CURSOR right and left buttons can be used to turn on and off the
ALARM history display.

The MESSAGE DISPLAY can be selected at any time by pressing the ALARM / MESGS button a second
time. This is an operator message display and has no other effect on operation of the control. Any message
can be typed into the message display and called up later.

You may leave an electronic note to yourself or anyone else by using this feature. The note may be for the
operator to change tools after running a number of parts or it may be a diary for machine maintenance intervals
that are performed. Data is automatically stored and maintained even in a power off state. The message
display page will be come up during power up if there are no alarms present.

To enter messages, press the ALARM / MESGS button twice. You may now enter data by simply typing
directly onto the screen. The cancel and space keys can be used to remove existing messages. The DELETE
button can be used to remove an entire line.
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PARAMETER / DiagNnosTic DispLAY

The PARAMETER DISPLAY can be selected at any time by pressing the PARAM DGNOS button. Changes to
parameters can be made when in any mode except when running a program. The CURSOR up and down
buttons move to different parameters and the PAGE UP and PAGE DOWN buttons move through groups of
parameters. Parameters 1, 15, 29, 43, and 57 are displayed as a single page of discrete flags. Selecting
among the flags is done with the CURSOR left and right buttons. Parameters cannot be changed with the
servos on. The EMERGENCY STOP button can be used to turn off the servos.

For machines with the fifth axis option, the parameter display organization has been modified to accommodate
the extra axis parameters. Parameter numbers have remained the same as in a four-axis control. Additional
parameters have been added for the fifth axis.

The parameters have been reorganized, so that logically-associated parameters are grouped together. These
logical groupings are placed together into contiguous screens called pages. The most commonly changed
parameters have been placed at the beginning of the page list. The following is a list of the parameter pages
and the order of succession in the control:

PAGE TITLE DATA DESCRIPTION

COMMON SWTCH Non-axis bit switches.

COMMON PAGE1 First page of non-axis parameters.
COMMON PAGE2 Second page of non-axis parameters.
COMMON PAGE3 Third page of non-axis parameters.
MACRO M CALL Parameters that alias M codes to subroutines.
MACRO G CALL Parameters that alias G codes to macros.
XBIT SWITCH Bit switches for the X axis.
XPARAMETERA First page of X axis parameters.
XPARAMETERB Second page of X axis parameters.

Y BIT SWITCH Bit switches for the Y axis.

Y PARAMETERA First page of Y axis parameters.

Y PARAMETERB Second page of Y axis parameters.
ZBIT SWITCH Bit switches for the Z axis.
ZPARAMETERA First page of Z axis parameters.
ZPARAMETERB Second page of Z axis parameters.
ABIT SWITCH Bit switches for the A axis.
APARAMETERA First page of A axis parameters.

B BIT SWITCH Bit switches for the B axis.

B PARAMETERA First page of B axis parameters.

B PARAMETERB Second page of B axis parameters.
X SCREW COMP X axis screw compensation value.

Y SCREW COMP Y axis screw compensation value.

Z SCREW COMP Z axis screw compensation value.
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The HOME key displays the first parameter page “COMMON SWTCH?”. Pressing the PAGE DOWN key will
display the next page of parameters in the above list. The END key displays the last parameter page “B
PARAMETERB”. Pressing the PAGE UP key will display the preceding page of parameters in the above list. All
other features on the parameters display have remained the same. So, if you are unfamiliar with the new format
of the parameters, you can still search by parameter number. Enter the number of the parameter you want to
see or view and press the up or down arrow key. The page that the parameter is on will be displayed and the
parameter being searched for will be highlighted. Referto the "Parameters" section for more information.

The DIAGNOSTIC DATA DISPLAY can be selected at any time by pressing the PARAM DGNOS button a
second time. There are two pages of diagnostic data and the PAGE UP and PAGE DOWN buttons are used to
select between them. After this, the current run time and the number of tool changes is displayed.

A five-axis control has additional diagnostic data to be aware of:

The first page of diagnostic data has two discrete outputs that control the rotary axes brakes; they are labeled
“A BRAK” and “B BRAK”. When motion is commanded to either the A or B axis, the brake for that axis must
first be released. To release a brake on the HAAS control, a relay is activated. These two outputs represent the
activation of the brake relays. If the A or B axis brakes are disengaged, then these outputs will read high
(logical 1). Normally these bits will read low (logical 0).

The second page of diagnostic data shows the status of inputs from the motor interface board. Additional inputs
for the expanded motor interface board are listed under “INPUTS4”. These bits are monitored by the control to
determine if the interface for the B axis is working correctly. Refer to the "Technical Reference" section of this
manual for a description of the diagnostic page inputs.

SETTING / GRAPHIC DispLAY FUNCTION

132

The SETTINGS DISPLAY can be selected at any time by pressing the SETNG / GRAPH button. When the
settings are displayed, changes can be made to any of the settings. There are some special functions in the
settings; refer to the "Settings" section for a more detailed description.

The GRAPHICS FUNCTION is a visual dry run of your part program without the need to move the axes and risk
tool damage from programming errors. This function is far more powerful than using the DRY RUN mode
because all of your work offsets, tool offsets, and travel limits can be checked before any attempt is made to
move the machine. The risk of a crash during setup is greatly reduced.

To run a program in Graphics, you must be in either MEM or MDI mode.

After loading the program into memory, select MEM (or MDI) and press the SETNG/GRAPH key twice to
select the Graphics Simulation mode. This function operates the same as if running a program on the machine
except no physical machine action occurs.

The graphics screen is composed of the following areas:

DISPLAY TITLE AREA

The title area is on the top left line of the screen and indicates the display (GRAPHICS), the mode you
are in (MEM or MDI), the program number, and the current program line being executed. It is the same
as the top line of all displays.
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KEY HELP AREA
The right side of the top line is the function key help area. Function keys that are currently available
are displayed here with a brief description of their usage.

LOCATOR WINDOW

The lower right part of the screen has two functions: it can display the whole table area and indicate
where the tool is currently located during simulation, or it can be used to display four lines of the
program that is being executed. The F4 key can be used to toggle between these two modes.

TOOL PATH WINDOW

In the center of the display is a large window that represents a look down perspective of the X-Y axis.
It displays tool paths during a graphics simulation of a CNC program. Rapid moves are displayed as
coarse dotted lines, while feed motion is displayed as fine continuous lines. The rapid path can be
disabled by Setting 4. The places where a drill can or canned cycle can be executed are marked with
an X. The drill mark can be disabled by Setting 5.

The tool path window can be scaled. After running a program, you can scale any portion of the tool path by
pressing F2 and then using the PAGE DOWN key and the ARROW keys to select the portion of the tool
path that you want to see enlarged. During this process, a rectangle will appear within the TOOL PATH
window and the Locator window indicating what the TOOL PATH window will represent when the zoom
process is complete. The KEY HELP AREA will flash, indicating that the user is rescaling the view. The
locator window always portrays the entire table with an outline of where the TOOL PATH window is zoomed
to. The PAGE UP key unzooms the rectangle one step. After sizing or moving the rectangle, pressing the
WRITE key will complete the zoom process and re-scale the TOOL PATH window. Pressing F2 and then
the HOME key will expand the TOOL PATH window to cover the entire table. After the TOOL PATH window
is re-scaled, the TOOL PATH window is cleared and you must rerun the program, or a portion of it, to see
the tool path. The tool path is not retained in the control.

The scale and position of the TOOL PATH window is saved in Settings 65 through 68. Any scaling per-
formed on the TOOL PATH window is retained. You can leave graphics to edit your program and when you
return, your previous scaling is still in effect.

Z AXIS WINDOW
A long window on the rightmost part of the screen shows the location of the Z-axis and indicates
spindle movement. A horizontal line in the top part of this window represents the tool change position.

CONTROL STATUS
The lower left portion of the screen displays control status. It is the same as the last four lines of all
other displays.

POSITION WINDOW

The location of all enabled axes can be viewed in this window. By default it is OFF. This window can

be opened by pressing the F3 key. Additional presses of the F3 key will display the various position
formats that the control keeps track of. This window also displays the current scale of the tool path
window and the current simulated tool number. The value represented by the vertical dimension of

the Tool Path window is labeled Y-SIZE. At power-on, this will be the full Y-axis table travel. When you
zoom into a table area, this value will become smaller, indicating that you are viewing a smaller portion of
the table. In addition to the above, a perspective 3D graphics view is also selected by Setting 3.

To exit the Graphic mode, select any other display or mode. When you exit Graphics, the graphics image is
lost and must be built again by running the program.
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HELp/CALcuLaTor FuncTiOoN

The HELP FUNCTION is selected by pressing the HELP display button. This will bring a mini-manual up on the
CRT. There are 26 topic areas selectable with the A-Z keys. This also includes a directory of the topics. The
areas covered are:

START UP AND RUNNING

PROG. REVIEW / DNC / BGEDIT / POWER DOWN
G/M/S/T COMMAND CODES
RETURN TO THIS DIRECTORY
EDITING PROGRAMS

SETTING PAGE

SPECIAL G CODES

TROUBLE SHOOTING
MDI/MANUAL DATA INPUT
JOGGING /HANDLE FUNCTION
CRT DISPLAY / KEYBOARD
ALARMS / MESSAGES
MAINTENANCE REQUIREMENTS
SET UP PROCEDURES
OVERRIDES: FEED/SPIN/COOLANT
PARAMETERS / DIAGNOSTICS
POSITION DISPLAYS

RECV /SEND PROGRAMS
SAMPLE PROGRAM

TOOL OFS/TOOL LIFE/LOAD
GRAPHIC FUNCTION

TOOL CHANGER

WORK COORDINATES
CREATING PROGRAMS
SPECIAL FUNCTIONS
ZERORETURN

N-<><§<C—|U)ND'UOZgl_XL_IG)TIITIUOWZD

When the HELP display is selected, the alphanumeric keys are used to select one of the above topics; they
are not displayed on the data entry line of the screen.

The CALCULATOR FUNCTION is selected by pressing the HELP key a second time. There are three calcula-
tor pages: Trig Help, Circular Interpolation Help, and Milling/Tapping Help. All of these have a simple calculator
and an equation solver. Trig, Circular, and Milling Help are selected using the PAGE UP and PAGE DOWN
keys. The Fn keys also allow data to be moved from other displays to/from the calculator.

All of the Calculator Help functions have a calculator for simple add, subtract, multiply, and divide operations.
When one of these functions (Trig, Circular, or Milling) is selected, a calculator window appears in the upper left
corner of the screen, and below it the possible operations (LOAD + - * and /). LOAD is initially highlighted,
and the other options can be selected with the left and right cursor arrows. Numbers are entered by typing
them in at the cursor in the lower left corner of the screen and pressing the WRITE key. When a number is
entered and LOAD is selected, that number will be entered into the calculator window directly. When a number
is entered when one of the other functions (+ - * /) is selected, that calculation will be performed with the
number just entered and any number that was already in the calculator window. The calculator will also accept
a mathematical expression such as 23*4-5.2+6/2. It will evaluate it (doing multiplication and division first) and
place the result, 89.8 in this case, in the register (the window).
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F3 In EDIT and MDI modes the F3 key will copy the highlighted triangle/circular/milling/tapping value into
the data entry line at the bottom of the screen. This is useful when you want to use a solution developed for
a program input.

In the Calculator Help function, this button copies the value in the calculator window to the highlighted data
entry for Trig, Circular or Milling/Tapping calculations.

F4 Inthe Calculator Help function, this button uses the highlighted Trig, Circular or Milling/Tapping data value
to load, add, subtract, multiply, or divide with the calculator.

Trigonometry Help Function

The Trig Help page will help you solve a triangular problem. You enter the lengths and the angles of a triangle
and when enough data has been entered, the control will solve for the triangle and display the rest of the
values. Use the CURSOR up and down buttons to select the value to be entered with WRITE. For inputs that
have more than one solution, entering the last data value a second time will cause the next possible solution to
be displayed.

Circular Interpolation Help

The Circular Help page will help you solve a circle problem. You enter the center, radius, angles, start and end
points and when enough data has been entered, the control will solve for the circular motion and display the
rest of the values. Use the CURSOR up and down buttons to select the value to be entered with WRITE. In
addition, it will list the four ways that such a move could be programmed with a G02 or G03. Those four lines
can be selected using the CURSOR up or down buttons, and the F3 button will import the highlighted line into
a program you are editing.

For inputs that have more than one solution, entering the last data value a second time will cause the next
possible solution to be displayed. The CW/CCW entry is changed to the other value by pressing WRITE.

Milling/Tapping Help

The Milling/Tapping Help page will help you solve three equations relating to milling and tapping. They are:

1) SFM = (CUTTER DIAMETER IN.) * RPM *3.14159 / 12
2 (CHIP LOAD IN.) = (FEED IN./MIN.) / RPM / #FLUTES
3) (FEED IN./MIN.) = RPM / (THREAD PITCH)

With all three equations, you may enter all but one of the values and the control will compute the remaining
value and display it. Note that the RPM value for equations 1 and 2 are the same entry.

When Metric units are selected, the units displayed change to millimeters, mm per minute, threads per mm,
and meters, respectively.
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3.19 TrRavEL LimiTs

Travel limits in this machine are defined by a limit switch in the positive direction and by stroke limits set by
parameter in the negative direction. Prior to establishing the home positions with the POWER UP/RESTART or
AUTO ALL AXES buttons, there are no travel limits and the user must be careful not to run the table into the
stops and damage the screws or way covers.

Prior to establishing the home positions (POWER UP/RESTART or AUTO ALLAXES), jogging is normally not
allowed. Setting 53 can be turned on to allow jogging prior to zero return but this defeats the travel limits and
you may damage the machine running the axes into the stops.

Note that all motion is in a negative direction from machine zero except for the Z-axis that can move about 4.5
inches up from machine zero. There are no travel limits for the fourth, A, axis. Travel limits for any auxiliary
axes are set into those single axis controls.

When jogging, an attempt to move past the travel limits will not cause an alarm but the axis will stop at the
limit. The JOG handle inputs may be ignored in this case.

When running a program, an attempt to move outside of the travel limits will cause an alarm prior to starting the
motion and the program will stop. An exception is a circular motion which starts and ends inside of the travel
limits but moves outside of the limits during the motion. This will cause an alarm to occur part way through the
motion.

Travel limits apply even when running a program in Graphics mode. An alarm is generated and the program will
stop.
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3.20 Feep/Rapip/SPINDLE OVERRIDES

The feed rate can be varied from 10% to 200% of the programmed value while in operation. This is done with
the feed rate +10%, -10% and 100% buttons. The FEED RATE override is ineffective during G74 and G84
tapping cycles. FEED RATE override does not change the speed of any auxilliary axes. During manual
jogging, the feed rate override will adjust the rates selected from the keypad. This allows for fine control of the
jog speed.

The spindle speed can also be varied, from 10% to 150%, using the SPINDLE overrides as above. Itis also
ineffective for G74 and G84. In the SINGLE BLOCK mode, the spindle may be stopped. It will automatically
start up upon continuing the program.

By pressing the HANDLE CONTROL FEEDRATE key, the jog handle can be used to control feedrate from 0%
10 999% in +/-1% increments. By pressing the HANDLE CONTROL SPINDLE key, the jog handle can be used
to control spindle speed in +-1% increments (from 0 to 999%).

Rapid moves (G00) may be limited to 5, 25, or 50 % of maximum using the keypad. If the 100% rapid is too
fast, it may be set to 50% of maximum by Setting 10.

In the Setting page, it is possible to disable the override keys so that the operator cannot select them. This is
Setting 19, 20 and 21.

The FEED HOLD button acts as an override button as it sets the rapid and feed rates to zero when it is
pressed. The CYCLE START must be pressed to proceed after a FEED HOLD. When in a FEED HOLD, the
bottom left of the screen will indicate this. The door switch on the enclosure also has a similar result but it will
display "Door Hold" when the door is opened. When the door is closed, machine operation will continue
normally. Door hold can be prevented with Setting 51. Door Hold and FEED HOLD do not stop any auxiliary
axes.

When Parameter 57 flag DOOR STOP SP is set to 1, the door switch will stop the servos and the spindle. In
addition, the maximum spindle speed is 750 RPM with the doors open.

There is also an override function for the coolant supply. This is done from the Setting 32. The "NORMAL"
setting checks the low coolant alarm and turns the pump on and off with M codes. The "OFF" setting ignores
the coolant alarm but will alarm if an attempt is made to turn the coolant on. The "IGNORE" setting is used to
ignore all coolant commands and the low coolant alarm.

At any time a program is running, the operator may override the coolant setting by pressing the MDI Coolant
button. The pump will remain either on or off until the next M command or operator action.

Overrides can now be reset through to defaults upon processing M30 and/or RESET. This feature is selected
by Setting #83.
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This section contains the following:

* Alphabetical Address Codes
* Cutter Compensation

* Subroutines

* Functions

4. PROGRAMMING

4.1 Worx COORDINATE SYSTEM

These machines have three linear axes named X, Y, and Z. The X-axis moves the table left and right, the Y-axis
moves it to and from the operator and the Z moves the milling head up and down. The machine zero position is
the upper right corner of the mill table. All moves from this point are in a negative machine direction. If a rotary
table is connected, an additional A-axis work offset is provided.

The work offset display is found on the offset display by pushing the PAGE UP key. You can display and
manually enter work offsets from here. The work coordinate systems on a control with a fifth axis have all been
expanded to accommodate B, the fifth axis. Work coordinate offsets can be set for the B axis in the offset
display. Note that the auxiliary axes C, U, V, and W do not have any offsets; they are always programmed in
machine coordinates.

The Home or Machine-Zero position is X0, YO0, Z0. Travel of these axes is limited in the negative direction by
stored stroke limits defined in the parameters. Travel in the positive direction forthe X and Y axes is limited
simply to values less than zero. Positive travel for the Z-axis is limited to the highest position used for tool
changing (about Z4.5). In addition, positive travel for all axes is limited by the home switch which acts as a limit
switch.

Before a tool can machine your part, the control must know where your part is. The work coordinate system
tells the control the distance from the work zero point of your part to the machine zero position. The work zero
point of the part is decided by the programmer and usually is the common point where all print dimensions are
referenced from. The machine zero position is fixed by the machine on power up and does not change. The
operator must determine this distance and enter the value.

This control automatically chooses the G54 system on power up. If you do not wish to use this system, zero
out the valuesin the G54 X, Y, and Z or select another work offset.

The G54 through G59 or G110 through G129 offsets can be set by using the PART ZERO SET key. Position the
axes to the work zero point of your part. Using the cursor, select the proper axis and work number. Press the
PART ZERO SET key and the current machine position will be automatically stored in that address. This will
work with only the work zero offsets display selected. Note that entering a nonzero Z work offset will interfere
with the operation of an automatically entered tool length offset.

Work coordinate numbers are usually entered as positive numbers, except when Parameter 57, bit "Neg. Work
Offset" is setto 1. In this case, the work coordinate numbers are entered as negative numbers.

Work coordinates are entered into the table as a number only. To enter an X value of X2.00 into G54, you would
cursor over to the X column and enter the number 2.0 only.
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The mirror function can change the direction of motion along any of the axes. If any one of these are selected,
the display will show the status. Mirror image will reflect programmed motion around your work coordinate zero
point. Be careful that mirror of only one of X or Y will cause the cutter to move along the opposite side of a cut.
In addition, if mirror is selected for only one axis of a circular motion plane, circular motion G02 and G03 are
reversed and left side and right side cutter compensation G41 and G42 are reversed. Settings 45 through 48 are
used to select mirror image.

See the sections on G52, G92, and Setting 33 for more on work coordinate systems.

Offsets can be sent and received with the RS-232 port. See the "Data Input / Output" section for information on
how to do this.
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4.2 PROGRAM STRUCTURE

A CNC part program consists of one or more blocks of commands. \When viewing the program, a block is the
same as a line of text. Blocks shown on the CRT are always terminated by the “ ; “ symbol which is called an
EOB. Blocks are made up of alphabetical address codes and the “ / “ symbol. Address codes are always an
alphabetical character followed by a numeric value. For instance, the specification of the position to move the X-

axis would be a number preceded by the X symbol.

The “1* symbol, sometimes called a slash, is used to define an optional block. A block that contains this
symbol can be optionally deleted with the BLKDEL button when running a program.

There is no positional requirement for the address codes. They may be placed in any order within the block.
The following is a sample program as it would appear on the CRT. The words following the “:” are not part of the

program but are put here as further explanation.

This program will drill four holes and mill a two-inch hole in a four-inch square plate with X and Y zero at the
center. The program with comment statements would appear like this.

%

01234 (OP1 SAMPLE MILL PART)

N1 (TOOL#11SA%2INCH STUB DRILL)
N5 G40 G49 T#1 M06

N100 GO0 X0 Y0 Z.5 G43 H1 M3 S1400 T2

N101 G01 Z.2 F30.

N102 G83 G98 Z-.625 R.03 Q.2 F5.
N103X1.5Y1.5

N104Y-1.5

N105X-1.5

N106 Y1.5

N107 GO0 G80Z.5

N108 T2 M06

N2 (T #2 1S 5/8 90 DEG. COUNTERSINK)

N200 GO0 X0 Y0 Z.5 G43 H2 M3 S500
N201 G01 Z.2 F30.

N202 G82 G98 Z-.27 R.0 F5.

N203 X1.5Y1.5

N204 Y-1.5

N205X-1.5

N206 Y1.5

N207 GO0 G80Z.5

N208 G28 X0 Y0 Z2.0

N209 T#3 M06

N3 (TOOL#3 ISA "2 END MILL)
(SET DIAMETER VALUE TOOL #3)
N300 GO0 X0 Y0 Z.5 G43 H3 M3 S1000
N301 G01 Z.2 F30.

N302 Z-.625 F5.

N303 G01 G41 X-1.00

N304 G03 11.0 D1

N305 G00 G40 X00

N306 GO0 Z.5

N307 G28

M30

%

‘PROGRAM MUST BEGIN AND END WITH %
‘PROGRAM#AND COMMENT STATEMENT
() NOTES TO OPERATOR

:.RAPID TO POS, OFFSET 1, SPIN FWD
:FEED 30 INCH/MINUTE TO ZDEPTH

‘PECKTO Z-.625 START .03 ABOVE

‘DRILLANOTHER HOLE AT NEW XY
:DRILL 3RD HOLE, PECK DEPTH IS .20
:‘DRILL FOURTHHOLE

:‘DRILL FIFTHHOLE

:CANCEL CANNED CYCLE
:TOOL CHANGE TO TOOL #2
:N#H# ARE LINE NUMBERS

:OFFSET 2, SPINDLE SPEED 500 RPM
‘FEED TO ZAT 30 INCH PER MINUTE

:SPOT DRILL CYCLE, DRILLAT X0 YO

:SEC HOLE R=START PLANE ABOVE ZERO
:3RD HOLE G98=RETURN TO INIT POINT

‘FOURTHHOLE

‘FIFTHHOLE

‘RAPIDTO Z.5
:ZERO RETURNAFTER MOVE TO X0, YO

:TOOL CHANGE

‘N#SARE FOR YOUR CONVENIENCE
:COMMENTS ARE IGNORED BY CONTROL

:G43 = OFFSET Z IN MINUS DIRECTION
:G01 CAN BE SPECIFIED AS G1

:FEED TO DEPTH
:COMPENSATE CUTTER LEFT OF LINE

:CUT CIRCLE CCW WITH TOOL DIA D1
‘RAPID TO CENTER, G40 CANCELS COMP
‘RAPID OUT OF PART

:ZERO RETURN, ZGOES FIRST THAN X,Y
‘RESET PROGRAM TO BEGINNING

‘END OF TAPE
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Please note that each tool has some slight variations. This is done to show the flexibility of the control. For
example, to change tools, all that is needed is an M06 even without a G28 in the previous line. Also, a G28 can
be specified as G28 X0 Y0 Z0 or simply as G28. A “T” command can be put in with the MO06 or it can be
specified earlier in the program. This gives the maximum compatibility with other controls.

More than one program can be stored in the memory of the CNC. Every program stored has an Onnnnn
address code to define the number of that program. Those numbers are used to identify the program for
selection as the main program being run or as a subprogram called from a main program.

4.3 ALPHABETICAL ADDRESS CODES

142

The following is a list of the Address Codes used in programming the CNC.

A Fourth axis rotary motion

The A address character is used to specify motion for the optional fourth, A, axis. It specifies an angle in
degrees for the rotary axis. It is always followed by a signed number and up to three fractional decimal posi-
tions. If no decimal point is entered, the last digit is assumed to be 1/1000 degrees. The smallest magnitude is
0.001 degrees, the most negative value is -99999.000 degrees, and the largest number is 99999.000 degrees.

B Fifth axis rotary motion

The B address character is used to specify motion for the optional fifth, B, axis. It specifies an angle in degrees
for the rotary axis. It is always followed by a signed number and up to three fractional decimal positions. If no
decimal point is entered, the last digit is assumed to be 1/1000 degrees. The smallest magnitude is 0.001
degrees, the most negative value is -8380.000 degrees, and the largest number is 8380.000 degrees.

Cc Auxiliary external rotary axis

The C address character is used to specify motion for the optional external sixth, C, axis. It specifies an angle
in degrees for the rotary axis. It is always followed by a signed number and up to three fractional decimal
positions. If no decimal point is entered, the last digit is assumed to be 1/1000 degrees. The smallest magni-
tude is 0.001 degrees, the most negative value is -8380.000 degrees, and the largest number is 8380.000
degrees.

D Tool diameter selection

The D address character is used to select the tool diameter or radius used for cutter compensation. The
number following must be between 0 and 100. DO specifies that the tool size is zero and serves to cancel a
previous Dn. Any other value of D selects the numbered entry from the tool diameter/radius list under the
Offsets display.

E Contouring accuracy

The E address character is used, with G187, to select the accuracy required when cutting a corner during high
speed machining operations. The range of values possible for the E code is 0.0001 to 0.25. Referto the
"Contouring Accuracy" section for more information.

F Feed rate

The F address character is used to select the feed rate applied to any interpolation functions, including pocket
milling and canned cycles. It is either in inches per minute with four fractional positions or mm per minute with
three fractional positions. When G93 (Inverse Time) is programmed, F is in blocks per minute, up to a maxi-
mum of 15400.0000 inches per minute (39300.000 millimeters per minute).
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G Preparatory functions (G codes)

The G address character is used to specify the type of operation to occur in a block. The G is followed by a
two or three digit number between 00 and 150. Each G code is part of a numbered group. The Group 0 codes
are non-modal; that is, they specify a function applicable to this block only and do not effect other blocks. The
other groups are modal and the specification of one code in the group cancels the previous code applicable
from that group. A modal G code applies to all subsequent blocks so those blocks do not need to re-specify
the same G code. Multiple G codes can be placed in a block in order to specify all of the setup conditions for
an operation, provided no two are from the same numbered group. See Section 3 for a detailed list of G codes.

H Tool length offset selection

The H address character is used to select the tool length offset entry from the offsets memory. The H is
followed by a two digit number between 0 and 100. HO will cause no offset to be used and Hn will use the tool
length entry n from the Offsets display. Note that G49 is the default condition and will clear the tool length
offsets; so you must select either G43 or G44 to activate tool length offsets. The TOOL OFSET MESUR button
will enter a value into the offsets to correspond to the use of G43.

| Canned cycle and circular optional data

The | address character is used to specify data used for some canned cycles and circular motions. It is either
in inches with four fractional positions or mm with three fractional positions. It is followed by a signed number in
inches between -15400.0000 and 15400.0000 or between -39300.000 and 39300.000mm for metric.

J Canned cycle and circular optional data

The J address character is used to specify data used for some canned cycles and circular motions. It is
formatted just like the | data. It is followed by a signed number in inches between -15400.0000 and 15400.0000
or between -39300.000 and 39300.000mm for metric.

K Canned cycle and circular optional data

The K address character is used to specify data used for some canned cycles and circular motions. It is
formatted just like the | data. It is followed by a signed number in inches between -15400.0000 and 15400.0000
or between -39300.000 and 39300.000mm for metric.

L Loop count for repeated cycles
The L address character is used to specify a repetition count for some canned cycles and auxiliary functions. It
is followed by an unsigned number between 0 and 32767.

M M Code miscellaneous functions

The M address character is used to specify an M code for a block. These codes are used to control miscella-
neous machine functions. Note that only one M code is allowed per block of the CNC program and all M codes
are performed at the end of the block. See the "M Codes" section for a detailed list of M codes.

N Number of block
The N address character is entirely optional. It can be used to identify or number each block of a program. It is
followed by a number between 0 and 99999. The M97 function must reference an N line number.

(o) Program number/name

The O address character is used to identify a program. It is followed by a number between 0 and 9999. A
program saved in memory always has a Onnnnn identification in the first block; it cannot be deleted. Altering
the O in the first block causes the program to be renamed. An Onnnnn can be placed in other blocks of a
program but will have no effect and can be confusing to the reader. A colon () may be used in the place of O in
a program, but is always displayed as “O”.
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P Delay time or program number

The P address character is used to enter either a time in seconds or a program number for a subroutine call. If
it is used as a time (for a G04 dwell), it may be a positive decimal with fraction between 0.001 and 1000.0. If it
is used as a program name (for an M98), or a line number (for an M97), the value may be a positive number
without decimal point up to 9999.

Q Canned cycle optional data
The Q address character is used in canned cycles and is followed by a signed number in inches between 0 and
8380.000 for inches or between 0 and 83800.00 for metric.

R Canned cycle and circular optional data

The R address character is used in canned cycles and circular interpolation. It is either in inches with four
fractional positions or mm with three fractional positions. It is followed by a signed number in inches between -
15400.0000 and 15400.0000 for inches or between -39300.000 and 39300.000 for millimeters. It is usually used
to define the reference plane for canned cycles.

S Spindle speed command

The S address character is used to specify the spindle speed in conjunction with M41 and M42. The S is
followed by an unsigned number between 1 - 99999. The S command does not turn the spindle on or off; it only
sets the desired speed. If a gear change is required in order to set the commanded speed, this command will
cause a gear change to occur even if the spindle is stopped. If the spindle is running, a gear change operation
will occur and the spindle will continue running at the new speed.

T Tool selection code

The T address character is used to select the tool for the next tool change. The number following must be a
positive number between 1 and the number in Parameter 65. It does not cause the tool change operation to
occur. The Tn may be placed in the same block that starts the tool change (M6 or M16) or in any previous
block.

U Auxiliary external linear axis

The U address character is used to specify motion for the optional external linear, U, axis. It specifies a
position of motion. It is either in inches with three or four fractional positions or millimeters with three fractional
positions. It is followed by a signed number between -838.0000 and 838.0000 or -8380.000 and 8380.000 orin
millimeters between -8380.000 and 8380.000. If no decimal point is entered, the last digit is assumed to be 1/
1000 inches or 1/1000mm.

\'} Auxiliary external linear axis

The V address character is used to specify motion for the optional external linear, V, axis. It specifies a posi-
tion of motion. It is either in inches with three or four fractional positions or millimeters with three fractional
positions. It is followed by a signed number between -838.0000 and 838.0000 or -8380.000 and 8380.000 orin
millimeters between -8380.000 and 8380.000. If no decimal point is entered, the last digit is assumed to be 1/
1000 inches or 1/1000mm.

w Auxiliary external linear axis

The W address character is used to specify motion for the optional external linear, W, axis. It specifies a
position of motion. It is either in inches with three or four fractional positions or millimeters with three fractional
positions. It is followed by a signed number between -838.0000 and 838.0000 or -8380.000 and 8380.000 orin
millimeters between -8380.000 and 8380.000. If no decimal point is entered, the last digit is assumed to be 1/
1000 inches or 1/1000mm.
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X Linear X-axis motion

The X address character is used to specify motion for the X-axis. It specifies a position or distance along the X-
axis. It is either in inches with four fractional positions or mm with three fractional positions. It is followed by a
signed number in inches between -15400.0000 and 15400.0000 for inches or between -39300.000 and
39300.000 for millimeters. If no decimal point is entered, the last digit is assumed to be 1/10000 inches or 1/
1000 mm.

Y Linear Y-axis motion

The Y address character is used to specify motion for the Y-axis. It specifies a position or distance along the Y-
axis. It is either in inches with four fractional positions or mm with three fractional positions. It is followed by a
signed number in inches between -15400.0000 and 15400.0000 for inches or between -39300.000 and
39300.000 for millimeters. If no decimal point is entered, the last digit is assumed to be 1/10000 inches or 1/
1000 mm.

z Linear Z-axis motion

The Z address character is used to specify motion for the Z-axis. It specifies a position or distance along the Z-
axis. It is either in inches with four fractional positions or mm with three fractional positions. It is followed by a
signed number in inches between -15400.0000 and 15400.0000 for inches or between -39300.000 and
39300.000 for millimeters. If no decimal point is entered, the last digit is assumed to be 1/10000 inches or 1/
1000 mm.
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4.4 SuBROUTINES

One of the more important programming features of a CNC is called subroutines. Subroutines allow the CNC
programmer to define a series of commands which might be repeated several times in a program and, instead
of repeating them many times, they can be “called”. A subroutine call is done with M97 or M98 and a Pnnnn.
The P code is the same as the O number of the subroutine to be called.

It is important to note that there is little difference between the main program and the subroutines. In the LIST
PROG display, they all appear as numbered programs. \When starting execution of a program, the LIST PROG
display is used to select the MAIN program and any subroutines used are called from within the main program.

Local subroutines can be used with the M97. This can be even easier to use than the M98 because the
subroutine is part of a single main program without the need to define a different Onnnnn program. With local
subroutines, you can code an M30 for the end of your main program followed by a line number and a subroutine
that ends with an M99.

The subroutine call causes the blocks in the subroutine to be executed just as if they were included in the
main program. In order to return control to the main program, subroutines must end with an M99.

Another very important feature of subroutines is that the M98 “call” block may also include an L or repeat
count. If there is an L, the subroutine call is repeated that number of times before the main program continues
with the next block.

The most common use of subroutines is in the definition of a series of holes which must be first center drilled,
peck drilled, tapped, and chamfered. If a subroutine is defined that consists only of the X-Y position of the
holes, the main program can call that subroutine after defining a canned cycle to do each of the operations.
Thus, the X-Y positions can be used several times and need not be repeated for each tool. An example follows:

00100 (MAIN PROGRAM FOR EXAMPLE OF SUBROUTINES) ;
G54 GO0 G90 X0. YO. ;

TO1 M06 (CENTERDRILL) ;

G81R0.2Z-0.1F20.L0  (NO OPERATION HERE, JUST DEFINE CANNED CYCLE) ;
S2000 MO3 ;

M98 P0200 (CENTER DRILL EACH HOLE) ;

T02 M06 (PECK DRILL) ;

G83R0.2Z-1.F10. L0 (NO OPERATION HERE, JUST DEFINE CANNED CYCLE) ;
S1000 MO3 ;

M98 P0200 (PECK DRILL EACH HOLE) ;

T03 M06 (TAP IN FLOATING HOLDER OR HARD TAP) :
G84R0.2Z-1.F10. L0 (NO OPERATION HERE, JUST DEFINE CANNED CYCLE) ;
S200 (1/4-20) ;

M98 P0200 (TAP EACH HOLE) ;

T04 M06 (CHAMFER) :

G81R0.2Z-0.1F20.L0  (NO OPERATION HERE, JUST DEFINE CANNED CYCLE) ;
$2000 MO3 ;

M98 P0200 (CHAMFER EACH HOLE) ;

G28 M30 (END OF MAIN PROGRAM) :

00200 (SUBROUTINE EXAMPLE LISTING ALL HOLE POSITIONS) ;

~HAS5-

96-8000



[} >
\[ e Series

X0.Y0.;
X1.Y0.;
X2.Y0.;
X0.Y1.;
X1.Y1.;
X2.Y1.;
X0.Y2.;
X1.Y2.;
X2.Y2.;
M99 (END OF SUBROUTINE) ;

00300 (EXAMPLE USING ALOCAL SUBROUTINE)

G54 G00 G90 X0. Y0.;

G81R0.22-0.1 F20L0 (NO OPERATION HERE, JUST DEFINE CANNED CYCLE);
$2000 MO03;

M97 P0500 (CENTER DRILL EACHHOLE);

T02 M06 (PECKDRILL);

G83R0.22-1.F10.L0 (NO OPERATION HERE, JUST DEFINE CANNED CYCLE);
S1000 MO03;

M97 P0500 (PECKDRILL EACHHOLE);

G28 M30 (END OF MAIN PROGRAM);

N0500 (LOCAL SUBROUTINE EXAMPLE LISTING ALLHOLE POSITIONS);
X0.YO0,;

X1.Y0,

X2.YO0.

X0.Y1.

X1.Y1.

X2.Y1.

X0.Y2.

X1.Y2.

X2.Y2.

M99 (END OF SUBROUTINE);
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4.5 TOOL FUNCTIONS (Twn)

The Tnn code is used to select the next tool to be placed in the spindle from the tool changer. The T address
does not start the tool change operation; it only selects which tool will be used next. M06 and M16 are used to
start a tool change operation. The Tnn does not need to be in a block prior to the M06 or M16; it can be in the
same block.

NOTE: Thereisno XorY motionrequired priorto performing atool change anditwould
waste time in most cases to return X or Y to the home position. However, if your
work piece or fixture is quite large, you may need to position X or Y prior to a
tool change in order to prevent a crash between the tools and your fixture.

Other controls may require the programmer to position the Z-axis to machine zero prior to a tool change but
this is not required with this control. You may command a tool change with X, Y, and Z in any position and the
control will bring the Z up to the machine zero position prior to starting the tool change. The control will move
the Z to a position above machine zero during a tool change but will never move below machine zero. At the
end of a tool change, the Z-axis will be at machine zero.

The tool changer is an all electric fixed shuttle type. Tools are always loaded through the spindle and should
never be installed directly in the carousel in order to avoid crashes. The pocket open to the spindle must
always be empty in the retracted position.

The tool holders used are #40 taper, V flange, commonly called “CT 40”. The tool changer is manufactured to
hold either BT40 or CAT40 tools. They are NOT interchangeable. Forthe 50 taper spindle option, the tool
holders used are CT #50 taper, V flange, commonly called “CT 50”.

For machines equipped for CAT40 tools, use a “45 degree, P40T type 1, inch threads” pull stud built to JMTBA
standard “MAS 403-1982". This pull stud is characterized by a long shaft and a 45 degree shoulder under the
head. Do not use the short shaft or pull studs with a sharp right angle (90 degree) head as they will not work
and will cause serious damage.

For machines equipped for BT40 tools, use only HAAS pull studs (PN: 20-7165).

Tool holders and pull studs must be in good condition and tightened together with wrenches or they may stick
in the spindle taper. Clean the tool tapers with a lightly oiled rag to leave a film to prevent rusting. Tools that
make a loud bang when being released indicate a problem and should be checked before serious damage to
the shuttle occurs. When the TOOL RELEASE button is pressed the tool should be pushed out of the spindle
by a small amount (approximately .07 Inch). This is an indication that the pull stud is correctly touching the
release mechanism.

Low air pressure or insufficient volume will reduce the pressure applied to the tool unclamp piston and will slow
down tool change time or will not release the tool.

CAUTION! If machine is equipped with the optional 50 taper spindle, follow these
guidelines:

+ 25 Ib. maximum per tool, and 300 Ib. maximum total tool weight.
» Extremely heavy tool weights should be distributed evenly.
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CAUTION! If machine is equipped with the 20 or 32 pocket tool changer, follow these
guidelines:

* 12 1b. maximum per tool, (200 Ib. maximum total tool weight for the 32 pocket tool changer).|

+ Extremely heavy tool weights should be distributed evenly.

« Ensure there is adequate clearance between tools in the tool changer before running an
automatic operation. This distance is 3.6" for 20 pocket, and is 3.4" for 32 pocket.

After POWER UP/RESTART and ZERO RET, the control will insure that the tool changer is in a normal posi-
tion. To load a new tool, select MDI mode, put the tool in the spindle with the TOOL RELEASE button and then
push the ATC FWD or ATC REV and the machine will put the tool in the carousel. Use the CURNT COMDS
display to see what tool is currently in the spindle.

Note: Tool changer goes to tool #1 first, then to tool designated in Setting 81.

To manually select another tool, use the “ATC FWD” or “ATC REV” key while in the MDI mode. To select a tool
other than an adjacent one, enter the “T” number first. That is: “T8” “ATC FWD” will place tool 8 in the spindle.

If the shuttle should become jammed, the control will automatically come to an alarm state. To correct this,
push the EMERGENCY STOP button and remove the cause of the jam. Push the RESET key to clear any
alarms. Push the "Tool Changer Restore" button to reset the tool changer. CAUTION! Never put your hands
near the tool changer when powered unless the EMERGENCY STOP button is pressed first.

The tool changer is protected by fuse FUS5, located on the POWER PCB. It might be blown by an overload or
jam of the tool changer. Operation of the tool changer can also be interrupted by problems with the tool clamp/
unclamp and the spindle orientation mechanism.

There are some other M codes which will also cause tool operations to occur:

M19 Will orient the tool for special user functions

M39 Will rotate the tool turret without changing tools (be careful of crashes)
M82 Will unclamp the tool (be careful, it will fall!)

M86 Will clamp the tool
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4.6 SpINDLE SPEED FUNCTIONS

SPINDLE SPEED COMMANDS

Spindle speed functions are controlled primarily by the S address code. The S address specifies RPM in
integer values from 1 to maximum spindle speed (Parameter 131). NOT TO BE CHANGED BY USER!

Speeds from S1 to the Parameter 142 value (usually 1200) will automatically select low gear and speeds above
Parameter 142 will select high gear. Two M codes, M41 and M42 can be used to override the gear selection.
M41 for low gear and M42 for high gear. Low gear operation above S1250 is not recommended. High gear
operation below S100 may lack torque or speed accuracy.

If there is no gear box in your machine (VF-0) the gear box is disabled by parameters, it is always in high gear,
and M41 and M42 commands are ignored.

Three M codes are used to start and stop the spindle. M03 starts the spindle clockwise, M04 starts the spindle

counterclockwise, and MOS5 stops the spindle.

Note that only one M code is allowed in a block. This means that if you wish to override the gear with M41 or
M42, you must put the Snnnn and M41 (or M42) in one block and the MO03 (or M04) in the next block. The
Snnnn should always be in the same block as the M41 or M42 as an unneeded double gear change might
otherwise be performed.

RiGIip Tapping CoNTROL OF SPINDLE

150

Rigid tapping is an option which can be installed on this machine at the factory. It is enabled with the Param-
eter 57 “Rigid Tap” flag. When installed and enabled, it changes the way G74 and G84 work and a floating tap
holder is not needed for these G codes. In addition, if the “REPT RIG TAP” flag in Parameter 57 is set, every
repetition of a tapping operation will control the orientation of the spindle so that the tapping is repeatable.

Rigid tapping allows the use of a tap without a floating tap holder. Pitch control is within 0.0005 inch. Bottom
depth control is +/-0.020 inch and repeatability is +/-0.005 inch. Rigid tapping will operate from 100 to 2000
RPM and up to 100 inches per minute feed. Bottom depth control is better at lower speeds. Thread pitch can
be from 5to 100 TPI.

The pitch of a tapped hole is defined by the ratio between the feed rate and spindle speed. When rigid tapping
is selected, these two must be set exactly. An encoder mounted with the spindle tracks the position of the
spindle and the Z-axis is moved precisely to match the pitch of the thread. If the repeatable option is selected,
a position pulse from the encoder is used to synchronize the starting of the Z motion with the position of the
spindle.

Note that with G74 and G84, you do not ever need to use M03, M04, or M05. These canned cycles start and
stop the spindle automatically. This applies to using normal or rigid tapping.

The rigid tapping option requires additional hardware be added to the spindle head assembly and a different
electronics card put into the control. When this option is installed, the second page of diagnostic data will
show the actual spindle speed. See “Tapping with the VF Series CNC Mill” for more information.
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Warmup COMPENSATION

When the machine is powered on, if setting 109, and at least one of Settings 110, 111 or 112 are setto a
nonzero value, the following warning will be displayed:

CAUTION! Warm-up Compensation is specified!
Do you wish to activate
Warm-up Compensation (Y/N)?

If the operator responds 'Y', the control immediately applies the total compensation, (setting 110,111 and/ or
112), and the compensation begins to decrease as the time elapses. For instance after 50% of the time in
Setting 109 has elapsed, the compensation distance for the X-axis, in Setting 110, will be 50%.

As with other settings, the Warm-up Compensation Settings can be changed at any time. Updating the Warm-
up Compensation Time may activate compensation, but changes to the X, Y or Z distance settings will not
activate compensation. To "restart" the time period, it is necessary to power the machine off and on and
answer "yes", to the compensation query at start-up.

WARNING!

Changing settings 110, 111 or 112 while compensation is in progress
can cause a sudden movement of up to 0.0044 inches.

The amount of remaining warmup time is displayed on the bottom right hand corner of the Diagnostics Inputs 2
screen using the standard hh:mm:ss format. The initial amount of warmup time to be used, starting when
power is applied, is specified in Setting 109 WARMUP TIME IN MIN.
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4.7 CuTTER COMPENSATION

Cutter compensation is a method of shifting the tool path so that the actual finished cut is moved to either the
left or right of the programmed path. Normally cutter compensation is programmed to shift by exactly the radius
of the tool so that the finished cut matches the programmed path. The Offset display page is used to enter the
amount for the tool to be shifted. The offset can be entered as either diameter or radius for both a geometry and
awear value. The effective value is the sum of the geometry and wear value. Setting 40 is used to select either
diameter or radius. If diameter is specified, the shift amount is half of the value entered. Cutter radius compen-
sation is only available in the X-Y-axis (G17).

GENERAL DEscRIPTION OF CUTTER COMPENSATION

G41 will select cutter compensation left; that is, the tool is moved to the left of the programmed path to com-
pensate for the size of the tool. ADnn must also be programmed to select the correct tool size from compen-
sation memory. If compensation memory contains a negative value for cutter size, cutter compensation will
operate as though G42 was specified. Cutter path compensation in this machine applies only to motion in the
XandY axes.

G42 will select cutter compensation right; that is, the tool is moved to the right of the programmed path to
compensate for the size of the tool. ADnn must also be programmed to select the correct tool size from
compensation memory. If compensation memory contains a negative value for cutter size, cutter compensation
will operate as though G41 was specified.

The code G40 will cancel cutter compensation and is the default condition when a machine is powered-on.
When canceled, the programmed path is the same as the center of the cutter path. You may not end a pro-
gram (M30, M0O, M01, or M02) with cutter compensation active.

If cutter radius compensation is selected (G41 or G42), you may only use the X-Y plane for circular motions
(G17). Cutter radius compensation is only available in the X and Y axes.

There is a simple rule about cutter compensation which helps to understand the motions the control uses to
compensate for tool size. The control operates on one motion block at a time. It will look ahead, however, to
check the next two blocks containing X or Y motions. The interference checks are performed on these three
motions. Setting 58 controls how this part of cutter compensation works. It can be set to Fanuc or Yasnac.

When Setting 58 is set to Yasnac, the control must be able to position the tool edge along all of the pro-
grammed cuts without overcutting the next two motions. All outside angles are joined by a circular motion.

When Setting 58 is set to Fanuc, the control does not require that the tool cutting edge be placed along all
programmed cuts. Overcutting, however, is still prevented and, if overcutting cannot be prevented, an alarm will
still occur. Outside angles less than or equal to 270 degrees are joined by a square corner and outside angles
of more than 270 degrees are joined by an extra linear motion.

The following two diagrams show how cutter compensation works for the two possible values of Setting 58.
Note that a small cut of less than tool radius and at right angle to the previous motion will only work with the
Fanuc setting.
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Cutter Compensation - (YASNAC Style)

G41 with Positive Tool Diameter
or G42 with Negative Tool Diameter

Actual center of tool path

/ Programmed path

G41 or G42
in this ,
Block \*
7N G40 in this

S Block

/, .

CUTTER COMPENSATION

- Center of tool Path
~—— Programmed Path
(§  Start Position
1 Cutter Compensation

Cutter Compensation - (YASNAC Style)

G42 with Positive Tool Diameter
or G41 with Negative Tool Diameter

Actual center of tool path

Programmed path

- Center of tool Path
~—— Programmed Path
(§  Start Position
1 Cutter Compensation
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Cutter Compensation - (FANUC Styile)

G41 with Positive Tool Diameter
or G42 with Negative Tool Diameter

Actual center of tool path

Programmed path

- Center of tool Path
-a—— Programmed Path
(®  Start Position
] Cutter Compensation

Cutter Compensation - (FANUC Styile)

G42 with Positive Tool Diameter
or G41 with Negative Tool Diameter

Actual center of tool path

Programmed path
= ‘/

- Center of tool Path
-a—— Programmed Path
(®  Start Position
] Cutter Compensation

~
Sl mmm e e

G40
inthis N2/~
Block
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ENTRY AND ExiT FROM CUTTER COMPENSATION

When entering and exiting cutter compensation or when changing from left side to right side compensation,
there are special considerations to be aware of. Cutting should not be performed during any of these three type
of moves. In a block that turns on cutter compensation, the starting position of the move is the same as the
programmed position but the ending position of the move will be offset by the cutter compensation size. In a
block that turns off cutter compensation, the starting point is offset and the ending point is not offset. Similarly,
when a block changes from left to right compensation, the starting point is shifted in one direction and the
ending point is shifted in the other direction. The result of all of this is that the tool is moved through a path that
may not be the same as the intended path or direction.

If cutter compensation is turned on or off in a block without any X-Y move, there is no change made to cutter
compensation until the next X or Y move is encountered. To enter cutter compensation, a nonzero D code
must be specified and either G41 or G42 specified. To exit from cutter compensation, you may either specify
DO or G40, or both.

You should always turn off cutter compensation in a move which clears the tool away from the part being cut. If
a program is terminated with cutter compensation still active, an alarm is generated. In addition, you cannot
turn on or off cutter compensation during a circular move (G02 or G03); otherwise an alarm will be generated.

An offset selection of DO will use zero as the offset size and have the same effect as turning off cutter compen-
sation. If a new value from offset memory is selected while cutter compensation is active, the starting point of
a move will reflect the old value and the ending point will reflect the new value. This will also have the effect of
shifting the motion to something other than what was intended by the programmer. You cannot change the
offset code or side during a circular motion block.

When turning on cutter compensation in a move followed by a second move at an angle of less than 90 de-
grees, there are two common ways of computing the first motion. They are called cutter compensation type A
and B. Type A will not stay on the programmed side of the first cut but will go directly to the starting point for
the second cut. Type B will remain clear of the first line and follow it with the same motions as described in the
previous section to position for the second cut. Types A and B are selected with Setting 43.

Setting 58 also changes the way the entry and exit to cutter compensation works. There is still a type Aor B
but the type of moves used to clear the tool from the beginning of the cut change as described in the previous
section. The following two diagrams describe how this works.

FEep ADJUSTMENTS IN CUTTER COMPENSATION

96-8000

When using cutter compensation in circular moves, there is the possibility of speed adjustments to what has
been programmed. If the intended finish cut is on the outside of a circular motion, the tool should be slowed
down to ensure that the surface feed does not exceed what was intended by the programmer. There are
problems, however, when the speed is slowed by too much. For this reason, Setting 44 is used to limit the
amount by which the feed is adjusted in this case. It can be set between 1% and 100%. If set to 100%, there
will be no speed changes. If set to 1% the speed can be slowed to 1% of the programmed feed.

When the cut is on the inside of circular motion, there is no speedup adjustment made to the feed rate.
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CUTTER COMPENSATION ENTRY
(Yasnac)

TYPEA TYPEB

G42

G42

Program Path
\ »

S Tool Center Path
E

r Tool Radius
—  Program Path
- - = Tool Center Path

G42

Program Path
Program Path

Tool Center Path ~ ~

N

A

Tool Center Path ~ ~

N

A
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CUTTER COMPENSATION ENTRY
(Fanuc style)

TYPE A TYPEB

G42

G42

Program Path
e

Tool Center Path
\ _»

r Tool Radius
—  Program Path
- - = Tool Center Path

G42

Program Path r
Program Path

Tool Center Path ~ ~

N

A

Tool Center Path ~ ~ N

A
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Five Axes CUTTER LENGTH COMPENSATION

The Haas control now has the capability for 5 axes cutter length compensation. This capability is most useful
for the VR series of machines with A and B axes motion built into the machine head. It allows the user to
correct for variations in the length of cutting tools without the need to revert to CAD/CAM or post processing
steps. 5 axes length compensation applies only to machines where all rotary motion is movement of the
cutting tool. It does not apply to machines where any of the rotary axes involves axes motion of the part or
fixture.

Five axes cutter length compensation in the Haas CNC uses G143. An Hnn code is required to select the tool
length from the existing length compensation tables. G143 is modal and is in the group 8 G codes. It is thus
mutualy exclusive with G43, G44 and G49. Selecting G49 or HOO will cancel 5 axes compensation. If only
normal (Z axes) cutter length compensation is desired, simply program G43 or G44. For G143 to work cor-
rectly, there must be two rotary axes, Aand B. G90 must be active for absolute positioning mode and G91
must not be used. Work position 0,0 for the A and B axis must be such that the tool is parallel with Z axes
motion.

When G 143 is active, and commanded motion of X, Yor Z will have a vector component of the tool length added
to the motion according to the work coordinates of the A and B axes. For a positive length of the tool, this will
move Z upward or in the + direction. If one of X, Y or Z is not programmed, there will be no motion of that axes,
even if motion of A or B cause a new vector for tool length. Thus a typical program would use all 5 axes on one
block of data. If G91, incremental, is used, positioning results are incorrect.

Feed rate in G143 is complicated by the vector offset added to XYZ. Thus inverse feed (G93) is strongly
recommended. If the inverse feed rate was correct before applying G143, it will still be correct with any length of
compensation unless the maximum speed of an axes is exceeded.

An example follows:

T1MO06 ;

G00 G90 G54 XO0YOZOAOBO;

G143 HO1 X0.Y0. Z0. A-20. B-20. (RAPID POSITW. 5 AX COMP) ;
G01 HO1 X0.Y0.Z0.A-19.9B-19.9 F300. (FEED INVTIME) ;
X0.02Y0.03Z0.04A-19.7 B-19.7 F300. ;

X0.02Y0.055Z70.064 A-19.5 B-19.6 F300. ;

X2.345Y.1234 Z-1.234 A-4.127 B12.32 F200. (LAST MOTION) ;
G94 F50. (CANCEL G93);

G0 G90 G49 Z0 (RAPID TO ZERO, CANCEL 5AXIS COMP) ;
X0YO ;

M30 ;

The following parameters have been added for G143:

Common switch SW 3:

5AXTOFS -X Set to 1 to negate X Comp. direction
5AXTOFS-Y Set to 1 to negate Y Comp. direction
5AXAMOV B Setto 1if Aaxis moves B axis

When G143 is active, rotation of the A axes causes length compensation motion of the Y axes and rotation of
the B axes causes length compensation motion of the X axes. The direction of these motions can be reversed
with the above parameters. The B axes normally moves the A axes, but if this is not true, the "A MOV B" bit
can be set to change which is the inner axes.
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G CODES

5. GCODES (PREPARATORY FUNCTIONS)

The following is a summary of the G codes. A“ * * indicates the default within each group, if there is one:

Code:

GO0
G01
G02
G03
G04
G09
G10
G12
G13
G17
G18
G19
G20
G21
G28
G29
G31
G35
G36
G37
G40
G41
G42
G43
G44
G47
G49
G50
G51
G52
G52
G52
G53
G54
G55
G56
G57
G58
G59
G60
G61
G64
G65
G68
G69
G70
G71

Group:

01*
01
01
01
00
00
00
00
00
02*
02
02
06
06
00
00
00
00
00
00
o7*
07
07
08
08
00
08*
11
11
12
00
00
00
12*
12
12
12
12
12
00
13
13*
00
16
16
00
00

Function:

Rapid Motion

Linear Interpolation Motion

CW Interpolation Motion

CCW Interpolation Motion

Dwell

Exact Stop

Set Offsets

CW Circular Pocket Milling (Yasnac)
CCW Circular Pocket Milling (Yasnac)
XY Plane Selection

ZX Plane Selection

YZ Plane Selection

Select Inches

Select Metric

Return To Reference Point

Return From Reference Point

Feed Until Skip (optional)

Automatic Tool Diameter Measurement (optional)
Automatic Work Offset Measurement (optional)
Automatic Tool Offset Measurement (optional)

Cutter Comp Cancel

2D Cutter Compensation Left

2D Cutter Compensation Right

Tool Length Compensation +

Tool Length Compensation -

Text Engraving

(G43/G44/G143 Cancel

G51 Cancel

Scaling (optional)

Set Work Coordinate System G52 (Yasnac)
Set Local Coordinate System (Fanuc)
Set Local Coordinate System (HAAS)
Non-Modal Machine Coordinate Selection
Select Work Coordinate System 1
Select Work Coordinate System 2
Select Work Coordinate System 3
Select Work Coordinate System 4
Select Work Coordinate System 5
Select Work Coordinate System 6
Unidirectional Positioning

Exact Stop Modal

G61 Cancel

Macro Subroutine Call (optional)
Rotation (optional)

G68 Cancel (optional)

Bolt Hole Circle (Yasnac)

Bolt Hole Arc (Yasnhac)

96-8000

161
161
162
163
164
164
164
165
165
167
167
167
168
168
168
168
168
169
169
169
170
170
171
171
171
171
171
174
174
179
179
179
179
179
179
179
179
179
179
180
180
180
361
176
179
180
180

Description On Page:
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G72
G73
G74
G76
G77
G80
G81
G82
G83
G84
G85
G86
G87
G88
G89
G90
GI1
G92
G92
G93
G94
Gos8
G99
G100
G101
G102
G103
G107
G110
G111
G112
G113
G114
G115
G116
G117
G118
G119
G120
G121
G122
G123
G124
G125
G126
G127
G128
G129
G136
G141
G143
G150
G174/184
G187

00
09
09
09
09
09*
09
09
09
09
09
09
09
09
09
03*
03
00
00
05
05
10*
10
00
00
00
00
00
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
00
07
08
00
00
00

/28552

Bolt Holes Along an Angle (Yasnac)

High Speed Peck Drill Canned Cycle
Reverse Tap Canned Cycle

Fine Boring Canned Cycle

Back Bore Canned Cycle

Canned Cycle Cancel

Drill Canned Cycle

Spot Drill Canned Cycle

Normal Peck Drill Canned Cycle

Tapping Canned Cycle

Boring Canned Cycle

Bore/Stop Canned Cycle
Bore/Stop/Manual Retract Canned Cycle
Bore/Dwell/Manual Retract Canned Cycle
Bore/ Dwell Canned Cycle

Absolute

Incremental

Set Work Coordinates - FANUC or HAAS
Set Work Coordinates - YASNAC
Inverse Time Feed Mode

Feed Per Minute Mode

Initial Point Return

R Plane Return

Cancel Mirror Image

Enable Mirror Image

Programmable Output To RS-232

Limit Block Buffering

Cylindrical Mapping

Select Work Coordinate System 7
Select Work Coordinate System 8
Select Work Coordinate System 9
Select Work Coordinate System 10
Select Work Coordinate System 11
Select Work Coordinate System 12
Select Work Coordinate System 13
Select Work Coordinate System 14
Select Work Coordinate System 15
Select Work Coordinate System 16
Select Work Coordinate System 17
Select Work Coordinate System 18
Select Work Coordinate System 19
Select Work Coordinate System 20
Select Work Coordinate System 21
Select Work Coordinate System 22
Select Work Coordinate System 23
Select Work Coordinate System 24
Select Work Coordinate System 25
Select Work Coordinate System 26
Automatic Work Offset Center Measurement
3D+ Cutter Compensation

5 AX Tool Length Compensation (optional)
General Purpose Pocket Milling
General-Purpose Rigid Tapping (optional)
Accuracy Control for High Speed Machining

181
184
186
187
188
189
189
190
191
193
194
195
196
197
198
198
199
199
199
199
200
200
200
200
200
201
202
202
206
206
206
206
206
206
206
206
206
206
206
206
206
206
206
206
206
206
206
206
170
206
206
208
210
210
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Each G code defined in this control is part of a group of G codes. The Group 00 codes are non-modal; that is,
they specify a function applicable to the block they are in and do not affect other blocks. The other groups are
modal and apply to all subsequent blocks until the end of the program or until replaced by a different G code
from the same group. A modal G code means blocks between G code group members do not need to re-
specify the same G code for each block.

There is also one case where the Group 01 G codes will cancel the Group 9 (canned cycles) codes. If a
canned cycle is active (G73 through G89), the use of GO0 or GO1 will cancel the canned cycle.

Raprip Position Commanps (GOO

Go0o Rapid Motion Positioning Group 01
X Optional X-axis motion command
Y Optional Y-axis motion command
Z Optional Z-axis motion command
A Optional A axis motion command

This G code is used to cause a rapid traverse of the three or four axes of the machine. The auxiliary axes B, C,
U, V, and W can also be moved with a G00. This G code is modal so that a previous block with GO0 causes all
following blocks to be rapid motions until another Group 01 code is specified. The rapid traverse rate is depen-
dent on the maximum speed possible for each axis independently as modified by the RAPID override keys.

Generally, rapid motions will not be in straight lines. All of the axes specified are moved at the same speed but
will not necessarily complete their motions at the same time. The control will wait until all motions are com-
plete. Only the axes specified are moved and the incremental or absolute modal conditions (G90 or G91) will
change how those values are interpreted. Parameter 57 can change how closely the machine waits for a
precise stop before and after a rapid move.

INTERPOLATION COMMANDS (GO1, GO2, GO3

96-8000

GO01 Linear Interpolation Motion Group 01

Feed rate in inches (mm) per minute
Optional X-axis motion command
Optional Y-axis motion command
Optional Z-axis motion command
Optional A axis motion command

>N XT

This G code provides for straight line (linear) motion from point to point. Motion can occurin 1, 2 or 3 axes. All
axes will start and finish motion at the same time. The rotary axis may also be commanded and this will
provide a helical motion. The speed of all axes is controlled so that the feed rate specified is achieved along the
actual path. Rotary axis feed rate is dependent on the rotary axis diameter setting (Setting 34) and will provide
a helical motion. The F command is modal and may be specified in a previous block. Only the axes specified
are moved and the incremental or absolute modal commands (G90 or G91) will change how those values are
interpreted. The auxiliary axes B, C, U, V, and W can also be moved with a G01 but only one axis is moved at
atime.
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G02 CW Circular Interpolation Motion Group 01

Feed rate in inches (mm) per minute

Optional distance along X-axis to center of circle
Optional distance along Y-axis to center of circle
Optional distance along Z-axis to center of circle
Optional radius of circle

Optional X-axis motion command

Optional Y-axis motion command

Optional Z-axis motion command

Optional A axis motion command

>PN<XOXe—m

This G code is used to specify a clockwise circular motion of two of the linear axes. Circular motion is possible
in any two of X, Y, and Z axes as selected by G17, G18, and G19. The X, Y, and Z are used to specify the end
point of the motion that can use either absolute (G90) or incremental (G91) motion. If any of the X, Y, or Z for
the selected plane is not specified, the endpoint of the arc is the same as the starting point for that axis. There
are two ways to specify the center of the circular motion; the first uses |, J, or K to specify the distance from
the starting point to the center of the arc; the second uses R to specify the radius of the arc. These are further
described below:

1, J, K: When 1, J, or K are used to specify the center of the arc, R may not be used. Only the I, J, or K
specific to the selected plane (IJ for G17, IK for G18, JK for G19) are allowed. If only one of the I,
J, K is specified, the others are assumed to be zero. The |, J, or K is the signed distance from the
starting point to the center of the circle. Small errors in these values are tolerated up to 0.0010
inches. Use of I, J, or K is the only way to cut a complete 360 degree arc; in this case, the
starting point is the same as the ending point and no X, Y, or Z is needed.

To cut a complete circle of 360 degrees (360°), you do not need to specify an ending point X,
Y, orZ; just program |, J, or K to define the center of the circle. The following line will cut a
complete circle:

<)

G02 13.0 J4.0 (Assumes G17; XY plane)
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Go03

Vi

In cases where you are cutting less than a complete circle, it is much easier to use R instead
of I, J, K.

When R is used to specify the center of the circle, a complete 360 degree arc is not possible. X,
Y, or Zis required to specify an endpoint different from the starting point. R is the distance from
the starting point to the center of the circle. With a positive R, the control will generate a path

of 180 degrees or less; to generate an angle of over 180 degrees, specify a negative R. Small
errors in this value are tolerated up to 0.0010 inches.

The following line will cut an arc less than 180 degrees (180°):

GO2 Circular Interpolation

GO01 X3.0 Y4.0
G02 X-3.0 R5.0

and the following line will cut an arc of more than 180 degrees (180°):

GO01 X3.0 Y4.0
G02 X-3.0 R-5.0

CCW Circular Interpolation Motion Group 01

GO03 will generate counterclockwise circular motion but is otherwise the same as G02.

HELICAL

A helical motion is possible with G02 or GO3 by programming the linear axis that is not in the selected plane.
This third axis will be interpolated along the specified axis in a linear manner while the other two axes will be
moved in the circular motion. The speed of each axis will be controlled so that the helical rate matches the
programmed feed rate.
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MisceLLaneous G CopEs (GO4, GO9

G04 Dwell Group 00

P The dwell time in seconds or milliseconds

G04 is used to cause a delay or dwell in the program. The block containing G04 will delay for the time specified
in the P code. If the P has no fraction part, the delay is in milliseconds (0.001 seconds); otherwise the delay is
in seconds.

G09 Exact Stop Group 00

The G09 code is used to specify exact stop. It is non-modal and does not affect the following blocks. Rapid
and interpolated moves will decelerate to an exact stop before another block is processed. In exact stop,
moves will take a longer time and continuous cutter motion will not occur. This may cause deeper cutting
where the tool stops.

ProGrAMMABLE OFFSeT SETTING (G10,

G10 Set Offsets Group 00

Selection of length, length wear, diameter, diameter wear, or work coordinates.
Selection of offset number.

Offset value orincrement for length and diameter.

Optional X-axis zero location.

Optional Y-axis zero location.

Optional Z-axis zero location.

Optional A-axis zero location.

>PNL<XUUOr

G10 can be used to change the tool length and work offsets from inside of a program. The following codes are
used for selection of offsets:

L2 Work coordinate origin for G52 and G54-G59
L10 Length offset amount (for H code)

L1orL1 Tool wear offset amount (for H code)

L12 Diameter offset amount (for D code)

L13 Diameter wear offset amount (for D code)

L20 Auxiliary work coordinate origin for G110-G129

The P code is used to index the appropriate offsets.

P1-P100 Used to reference D or H code offsets, L10-L13
PO G52 references work coordinate L2
P1-P6 G54-G59 references work coordinates L2
P1-P20 G110-G129 references auxiliary coordinates L20

The R, X, Y, Z, and A codes are signed numbers with fractions in inches (or MM). The R, X, Y, Z, and A values
are absolute or incremental, depending on the current G90/G91 modal value.
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G10 Examples:
G10 L2 P1 G91 X6.0 {Move coordinate G54 6.0 to the right.};
G10 L20 P2 G900  X10. Y8. {Set work coordinate G111 to X10.0,Y8.0};
G10 L10 G90 P5 R2.5 {Set offset for Tool #5 t0 2.5.};
G10 L12  G90 P5 R.375 {Set diameter for Tool #5 to 3/8ths.};

96-8000

CircuLAR Pocker MiLLinG (G12, G13,

There are two G codes that will provide for pocket milling of a circular shape. They are different only in which
direction of rotation is used. Both are only functional in the default XY circular plane selection mode (G17).

G12 Circular Pocket Milling Clockwise Group 00

*

Tool Radius Or Diameter Selection
Radius Of First Circle (Or Finish If No K)
Radius Of Finished Circle (If Specified)
Loop count for repeating deeper cuts
Radius Increment (Must Be Used With K)
Feed Rate in inches (mm) per minute

Z depth of cut orincrement

NTOFX—0O

*In order to get the exact programmed circle diameter, the control uses the selected D code tool size.
If this compensation is not desired, program DO.

This G Code implies the use of G42.

The tool must be positioned at the center of the circle either in a previous block or in this block using X and Y.
The cut is performed entirely with circular motions of varying radius. To remove all the material within the circle
use an | and Q value less than tool diameter and a K value equal to circle radius. To cut circle radius only use
an | value set to circle radius and no K or Q value. G12 belongs to Group zero and thus is non-modal. If G91
(incremental) is specified and an L count is included, the Z increment is repeated Ltimes at the F feed rate.

G13 Circular Pocket Milling Counterclockwise Group 00

This G Code implies the use of G41 and is otherwise similar to G12. G13 belongs to Group 00 and thus is
non-modal.
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%

00100 (SAMPLE G12 AND G13)

(OFFSET D01 SET TOAPPROX. TOOL SIZE)
(TOOL1ISA0.5INCHDIAMETER END MILL)
T1 M06

G54 G00 G90 X0.YO.

G43 Z.1 HO1

$2000 M03

G42 D01 X-5.Y-5.
G121.4K1.4Q.4F10.Z-25

G00Z.1

G1211.5F10. Z-.25

G41 D01 X-9.Y-5.
G131.4K1.4Q.4F10.Z-25

G00Z.1

G1311.5F10. Z-.25

G00Z.1

G28 Y0. G40 M30

%

G12 Circular Pocket Milling (Clockwise)

eries

(SET CUTTER COMP AND MOVE TO CIRCLE CENTER)
(REMOVE ALL MATERIAL IN CIRCLE TO 2.8 DIA)

(FINISHCUT CIRCLE O.D.TO 3.0 DIA)
(SET CUTTER COMP AND MOVE TO CIRCLE CENTER)
(REMOVE ALL MATERIAL IN CIRCLE TO 2.8 DIA)

(FINISHCUT CIRCLE O.D.TO 3.0 DIA)

| Only

I, K, and Q Only

~HAS5-
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CircuLAR PLaANE SELEcTION (G17, G18, G719,

The plane used for circular motions must be comprised of two of X, Y, or Z. There are three G codes used to
select the plane; G17 for XY, G18 for ZX, and G19 for YZ. Each are modal and apply to all following circular
motions until another Group 02 code is found.

G17 XY Plane Selection Group 02

The G17 code is used to select the XY plane for circular motion. It is the default plane selection mode. In this
plane, circular motion is defined as clockwise for the operator looking down onto the X-Y table from above. This
is the motion of the tool relative to the table.

G18 ZX Plane Selection Group 02

The G18 code is used to select the ZX plane for circular motion. In the X-Z plane (G18), circular motion is
defined as clockwise for the operator looking towards the rear of the machine from the front control panel.

G19 YZ Plane Selection Group 02

The G19 code is used to select the YZ plane for circular motion. In the Y-Z plane (G19), circular motion is
defined as clockwise for the operator looking across the table from the side of the machine the control panel is
mounted.

The default plane selection when the machine is powered on is G17 for the X-Y plane. This means that a
circular motion in the plane of the X-Y table may be programmed without first selecting G17.

A helical motion is possible with G02 or G03 by programming the linear axis which is not in the selected plane.
This third axis will be interpolated along the specified axis in a linear manner while the other two axes will be
moved in the circular motion. The speed of each axis will be controlled so that the helical rate matches the
programmed feed rate.

If cutter radius compensation is selected (G41 or G42), you may only use the X-Y plane for circular motions
(G17). Cutter radius compensation is only available in the X and Y axes.
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IncH /METRIC SELECTION (G20, G21

G20 Select Inches Group 06
G21 Select Metric Group 06

The standard G codes G20 and G21 are sometimes used to select between inch and metric BUT, in this
control, the G20 (inch) and G21 (mm) codes can only be used to ensure that the inch/metric setting is set
correctly for that program.

Selection between inch and metric programming can only be done from the Setting 9.

REFERENCE PoINT DEFINITION AND RETURN

G28 Return To Reference Point, set optional G29 REFERENCE point Group 00

The G28 code is used to return to the machine zero position on all axes. If an X, Y, Z, or A axis is specified on
the same block, only those axes will move and return to the machines' zero point. If X, Y, Z, or A specifies a
different location than the current position, then the movement to machine zero will be through the specified
point. This point is called the G29 reference point and is saved for use in G29. Ifno X, Y, Z, or A is specified,
all axes will be moved directly to machine zero. Any auxiliary axes (B, C,...) are returned to home after the X,
Y, Z, and A axes. G28 also cancels tool length offsets.

G29 Return From REFERENCE point Group 00

The G29 code is used to move the axes to a commanded X, Y, Z, or A position. The axes that are selected in
this block are moved to the G29 reference point saved or recorded in G28 and then movedto X,Y,ZorA
specified in the G29 command point. The positions are interpreted in the current coordinate system.

Skip Funcrtion (G317,

168

G31 Feed Until Skip (This G-code is optional and requires a probe) Group 00

Feed rate in inches (mm) per minute
Optional X-axis motion command
Optional Y-axis motion command
Optional Z-axis motion command
Optional A-axis motion command

>N XT

The skip function is a non-modal operation that causes a linear move to the specified X, Y, Z, and A position. It
applies only to the block in which G31 is specified. A feed rate must be defined previously or in this block. The
specified move is started and continues until the end point or the skip signal. The skip signal is a discrete input
that usually indicates that the end of travel has been reached; this is usually a probe. The keypad will beep
when the end of travel is reached. Cutter compensation may not be active during a skip function. M78 or M79
may be used to test if the skip signal was received.

An M75 can be used to mark the probed point as the reference point for G35 or G136.
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Avutromartic TooL MeEasurRemMENT (G35, G37,

G35 Automatic Tool Diameter Measurement (This G-code is optional and requires a probe) Group 00
G37 Automatic Tool Offset Measurement (This G-code is optional and requires a probe) Group 00

F Feed rate in inches (mm) per minute
D Tool diameter offset number (G35)

H Tool offset number (G37)

Z Required Z-axis offset

The automatic tool offset measurement operation (G37) is a non-modal operation that causes a linear move of
the Z-axis until the skip signal is received or the end of Z travel limits. A nonzero H code must be active, G43 or
G44 must be active, a Z value must be specified, and a feed rate must be defined. No X, Y, or A code is
allowed. When the move is terminated, the specified Z and the final Z positions are used to set the specified
(Hnn) tool offset. The active coordinate system is taken into account.

The coordinate system (G54..G59, G110..G129) and tool length offset (H01..H100) may be selected in this
block orin a previous block. The end point of the Z move is controlled only by the maximum travel limits defined
for the machine.

The resulting tool offset value is such that a subsequent move to the Z value specified in the G37 will move the
tool to the position where the skip signal was sensed. The skip signal is a discrete input that usually indicates
that the end of travel has been reached; this is sometimes a probe. Cutter compensation may not be active
during a skip function. M78 or M79 may be used to test if the skip signal was received. The resulting tool offset
is the offset between the work zero and the point where the probe is touched.

The automatic tool diameter measurement function (G35) is used to set the tool diameter (or radius) using two
different probe passes; one on each side of the tool. The first point is set with a G31 block using an M75 and
the second point is set with the G35 block. The distance between these two points is set into the Dnn value
active. Anonzero D code must be selected. Setting 63 is used to reduce this measurement by the width of the
tool probe.
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Auvromatic Workx OFFser MEASUREMENT (G36 , G136,

G36 Automatic Work Offset Center Measurement (This G-code is optional and requires a probe)Group 00
G136 Automatic Work Offset Center Measurement Group 00

Feed rate in inches (mm) per minute
Optional offset distance along X-axis
Optional offset distance along Y-axis
Optional offset distance along Z-axis
Optional X-axis motion command
Optional Y-axis motion command
Optional Z-axis motion command
Optional A-axis motion command

PNL<XXe—mT

The automatic work offset measurement operation is a non-modal operation that causes a linear move of the X,
Y, Z, and A axes until the skip signal is received or the end of the programmed motion. The X, Y, Z, and A axes
are moved to the programmed position in a linear move but will stop early if the skip signal is received. Tool
offsets must not be active when this function is performed. M78 or M79 may be used to test if the skip signal
was received. The currently active work coordinate system is set for each axis that is programmed. The point
where the skip signal is received becomes the work zero position. The work coordinate system may be se-
lected in this block or in a previous block.

The points probed are offset by the values in Settings 59 through 62.

A G36 will set the work coordinates to the point where the probe is hit. The G136 will set the work coordinates
to a point at the center of a line between the probed point and the point set with M75. This allows the center of
a part to be found using two separated probed points.

Note that the X, Y, Z, or A programmed into this block are interpreted in the coordinate system that is about to
be set. Thus, the end point of the move will be interpreted in the old work coordinate value. For this reason, it is
easier to program these moves as incremental (G91).

Ifanl, J, or K is specified, the appropriate axis work offset is shifted by the amount in the I, J, or K. This allows
the work offset to be shifted some distance away from where the probe actually hits.

CuTTER COMPENSATION (G40, G41, G42,

170

G40 Cutter Comp Cancel Group 07
G40 will cancel the G41 or G42 cutter compensation. Programming a D00 will also cancel cutter compensa-
tion.

G4 2D Cutter Compensation Left Group 07

G41 will select cutter compensation left; that is the tool is moved to the left of the programmed path to com-
pensate for the size of the tool. A Dnn must also be programmed to select the correct tool size from compen-
sation memory. If compensation memory contains a negative value for cutter size, cutter compensation will
operate as though G42 was specified.
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G42 2D Cutter Compensation Right Group 07

G42 will select cutter compensation right; that is the tool is moved to the right of the programmed path to
compensate for the size of the tool. A Dnn must also be programmed to select the correct tool size from
compensation memory. If compensation memory contains a negative value for cutter size, cutter compensation
will operate as though G41 was specified.

Referto the "Cutter Compensation" section for more information.

TooL LEnGTH ComPENSATION (G43, G44, G49)

G43 Tool Length Compensation + (plus) Group 08

This code selects tool length compensation in a positive direction. That is; the tool length offsets are added to
the commanded axis positions. A nonzero Hnn must be programmed to select the correct entry from offsets
memory. The automatically entered offsets using the TOOL OFSET MESUR key assume that G43 is being
used.

G44 Tool Length Compensation - (minus) Group 08

This code selects tool length compensation in a negative direction. That is; the tool length offsets are sub-
tracted from the commanded axis positions. A nonzero Hnn must be programmed to select the correct entry
from offsets memory.

G49 G43/G44/G143 Cancel Group 08

This G code cancels tool length compensation. Putting in a HO will also cancel tool length compensation. G28,
M30, and RESET will also cancel tool length compensation.

ENGRAVING (G47,

96-8000

G47 Text Engraving Group 00
Will not work with G code 91

Plunge rate (units/min)

Engraving feed rate (units/min)

Angle of rotation (-360. to +360.), defaultis 0

Scaling factor in inches (minimum = 0.001 inches), default is 1.0 inch
1 for Sequential Serial Number Engraving

0 for Literal String Engraving

Return plane

X start of engraving

Y start of engraving

Depth of cut

e —mTm

N < X 70

The text to engrave should be in the form of a comment on the same line as G47, with either a P1 or PO before
it. P1 selects Sequential Serial Number Engraving and PO selects Literal String Engraving.
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SEQUENTIAL SERIAL NUMBER ENGRAVING
This method is used to engrave numbers on a series of parts, with the number being incremented by one each
time. The '# symbol is used to select the number of digits in the serial number. For example:

G47 P1 (#HHHE)

will limit the serial number to four digits.

The initial serial number can be either programmed or set manually. If it is programmed, for example:
G47 P1 (1234)

will set the initial serial number to "1234".

The initial serial number can also be set manually into a macro variable. The "MACROS" option does not have
to be enabled to do this. Macro variables are temporary storage locations for numbers. Macro variable #599 is
used to hold the initial serial number to be engraved. To set this variable, go to the CURNT COMDS page and

press the PAGE DOWN key until the "Macro Variables" page appears. Then type in "599" and press the e

(DOWN ARROW). Now enter the desired initial serial number at the cursor and press the WRITE key. For
example, when macro variable #599 is set to "1234",

G47 P1 (iHHHE)
will produce this:
1234

If the number in macro variable #599 has more characters than specified in the format string, only the quantity
specified will be printed. For example, if #599 is set t0"12345" and only four places are specified in the format
string, only "2345" will be engraved.

LITERAL STRING ENGRAVING
This method is used to engrave desired text on a part. The characters available for engraving are:

>

.z
.z
.9,
THE ()T, <=>2 [\ ]}

— o Q

However, programs downloaded through the serial port or the floppy drive can take advantage of characters not
available on the mill keypad.

For Literal String Engraving, the text should be in the form of a comment on the same line as the PO statement.
For example:
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G47 PO (ENGRAVE THIS)
will produce
ENGRAVE THIS
Note that PO is used, instead of P1, for Literal String Engraving.
EXAMPLE
This example will create the figure shown.

G47 PO X2.0 Y2.0 145. J.5 R.05 Z-.005 F15.0 E10.0 (TEXT TO ENGRAVE)

A .

In this example:

G47 PO select Literal String Engraving
X2.0 Y2.0 select 2.0, 2.0 as the starting point for the text.

145. places the text at a positive 45 degree angle

J.5 sets the text height to 0.5 inch

R.05 commands the cutter to retract to .05 inches (mm) above the cutting plane after engraving
Z-.005 selects a .005 inch (mm) deep cut

F15.0 selects an engraving feed rate of 15 units/min

E10.0 commands the cutter to plunge at a rate of 10 units/min
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CoORDINATE RotAaTION AND ScaLinG (G50, G51, G68, G69

This control function is optional. If you would like further information on installing this feature please call Haas
Automation or your dealer for more information.

G50 Cancel Scaling Group 11

G code 50 cancels scaling on all axes. Any axis scaled by a previous G51 command is no longer in effect.

G51 Scaling (This G-code is optional and requires Rotation and Scaling) Group 11

X optional center of scaling for the X axis.
Y optional center of scaling for the Y axis.
Z optional center of scaling for the Z axis.
P optional scaling factor for all axes. Three-place decimal .001 to 8383.000.

G51 [X..1IY..][Z..]1[P..]

When scaling is invoked, all subsequent X, Y, Z, 1, J, K, or R values pertaining to machine motion are multiplied
by a scaling factor and are offset relative to a scaling center.

G51 is modal and modifies appropriate positional values in the blocks following the G51 command. It does not
change or modify values in the block from which it is called. Axes X, Y, and Z are all scaled when the P code is
used. If the P code is not used, the scaling factor currently in Setting 71 is used. The default scaling factor in
Setting 71 is 1.0. A scaling factor of 1.0 means that no scaling is done. That is, all values are multiplied by 1.0
before being interpreted by the control.

A scaling center is always used by the control in determining the scaled position. If any scaling center is not
specified in the G51 command block, then the current work coordinate position is used as the scaling center.

The following programs illustrate how scaling is performed when different scaling centers are used. All three
examples call subroutine O0001 which follows.

0001 (GOTHIC WINDOW) ; (GS51
F20. S500 ;
GO0 X1. Y1. ;
GOT X2. ;
Y2, :

G03'X1. RO.5;
GOT Y1, :

GO0 XOYO;
M99 ;

Q: Work coordinate origin
No Scaling

The first example illustrates how the control uses the current work coordinate location as a scaling center.
Here, it is X0 Y0 Z0.
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00010 ;

G59 ;

GO0 GO X0 Y0 20 ;

M98 P1 ;

G51 P2. (scaling center is X0 YO0 20) ;
M30;

(O =Work coordinate origin
+ = Center of scaling

eries

OPERATORS IVIANUAL

G CODES

The next example specifies the center of the window as the scaling center.

00011 ;

G59 ;

G0O0 G90 X0 Y0 Z0;
M98 P1;

G51 X1.5 Y1.5 P2. ;
M98 P1 ;

M30;

(O =Work coordinate origin
+ = Genter of scaling

The last example illustrates how scaling can be placed at the edge of tool paths as if the part was being set

against locating pins.

00011 ;

G59;

GO0 G90 X0 Y0 Z0;
M98 P1;

G51 X1.0Y1.0 P2;
M98 P1;

M30;

(O = Work coordinate origin
+ = Center of scaling

If macros are enabled, G65 arguments are not affected. Tool offsets and cutter compensation values are not

affected by scaling.

The stored program is not changed by G51, so that program lines displayed by the control will not reflect actual
machine positions. Position displays WILL reflect the proper scaled values.

~HAS5-
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Scaling does not affect canned cycle Z axis movements such as clearance planes and incremental values. The
final results of scaling are rounded to the lowest fractional value of the variable being scaled.

G68 Rotation (This G-code is optional and requires Rotation and Scaling) Group 16

[G17 | G18|G19] G68[a..][b..][R..];

G17,G18,G19 optional plane of rotation, default is current.

a optional center of rotation for the first axis of the selected plane.
b optional center of rotation for the second axis of the selected plane.
R optional angle of rotation specified in degrees.

Three-place decimal -360.000 to 360.000.

In the above example, ‘a’ and ‘b’ correspond to the axes of the current rotation plane. If G17 is the current
rotation plane, then ‘a’is X and ‘b’is V.

When rotation is invoked, all subsequent X, Y, Z, |, J, and K values are rotated through a specified rotation
angle R using a center of rotation.

G68 is modal and modifies appropriate positional values in the blocks following the G68 command. Values in
the block containing G68 are not rotated. For subsequent blocks, only the values in the plane of rotation are
rotated. Thus, if G17 is the current plane of rotation, only X and Y values are affected.

For a positive angle, the rotation is counterclockwise. If the angle of rotation - the R code - is not specified in
the G68 command block, then the angle of rotation is taken from Setting 72. The default rotation angle in
Setting 72 is 0.0 degrees.

A center of rotation is always used by the control to determine the positional values passed to the control after
rotation. If any axis’ center of rotation is not specified, then the current location of the work coordinate is used
as the center of rotation.

In G90 mode (absolute), the rotation angle takes on the value specified in R. When Setting 73 (G68 INCRE-
MENTAL R) is set to ON, then the rotational value can be incremented on each call to G68. In G91 mode
(Incremental), the rotation angle is incremented by the value in R. Each G68 command block, when in G91
mode, will increment the rotation angle by the value specified in R. Angles are modulo 360, so that when an
angle is incremented past 360 degrees, the angle will become an equivalent value between 0 and 360 degrees.
The rotational angle is set to zero upon cycle start, or it can be set explicitly by using a G68 block in the G90
mode.
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The following examples illustrate rotation using G68.

0001 (GOTHIC WINDOW) ;
F20, S500 ;

GO0 X1.Y1.;

GO1 X2.;

Y2.;

G03 X1. R0.5

GO1 Y1.;

M99 ;

(O =Work coordinate origin
No Rotation

G CODES

The first example illustrates how the control uses the current work coordinate location as a rotation center.

Here, it is X0 Y0 Z0.

00002 ;

G959 ;

G00 G90 X0 Y0 Z0;
M98 P1 ;

G90 GO0 X0 YO ;
G68 R60. ;

M98 P1 ;

G69 G90 GO0 X0 YO ;
M30;

(O =Work coordinate origin
+ = Center of rotation

The next example specifies the center of the window as the rotation center.

00003 ;

G959 ;

G00 G90 X0 Y0 Z0;
M98 P1 ;

G00 G90 X0 Y0 Z0 ;
G68 X1.5Y1.5R60. ;
M98 P1 ;

G69 G90 GO0 X0 YO ;
M30;

(O =Work coordinate origin
+ = Center of rotation

This example shows how the G91 mode can be used to rotate patterns about a center. This is often useful for
making parts that are symmetric about a regular polygon.
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00004 ;

G959 ;

G00 G90 X0 YO Z0 ;

mgg P10 L8 (SUBROUTINE 00010) ;

00010,

G91 G68 R45. ;
G90 M98 P1 ;
G90 GO0 X0 YO ;
M99 ;

(O =Work coordinate origin
+ = Center of rotation

e Series

7.

@@g@@
D LD

_—

Do not change the plane of rotation while G68 is in effect.

ROTATION WITH SCALING

June 1999

If scaling and rotation is used simultaneously, it is recommended that scaling is turned on prior to rotation, and
that separate blocks be used. Use the following template when doing this.

G51 ... (SCALING);

G68 ..... (ROTATION) ;

: program.

G69 ..... (ROTATION OFF)
G50 ... (SCALING OFF) :

When rotating after scaling, any center specified as the center of rotation will be scaled. Any angle specified in

the G68 block is NOT scaled. The control applies scaling and then rotation to any block with motion com-

mands.

Below is an example of a program that has been scaled and rotated.

00004 ;

G59;

G00 G90X0Y0Z0;

M98 P1 ;

G90 GO0 X0YO0;
G51P3.0;

G68 R60. ;

M98 P1 ;

G69 G51 G90 GO0 X0 YO ;
M30;

178
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ROTATION WITH CUTTER COMPENSATION

Cutter compensation should be turned on after the rotation and scaling commands are issued. Compensation
should also be turned off prior to turning rotation or scaling off.

G69 Cancel G68 Rotation (This G-code is optional and requires Rotation and Scaling) Group 16

G code 69 cancels any rotation specified previously.

96-8000

Worx CooRDINATE SysTtem SELEcTION (G52, G53, G54-59,

Note: The G52 command works differently depending on the value of Setting 33. This
setting selects the FANUC, HAAS, or YASNAC style of coordinates, which are
listed below:

G52 Set Work Coordinate System G52 YASNAC Group 12

This code selects the G52 work coordinate system. The G52 works the same as G54 etc., except that the
G52 system will be set by a G92 code as well as from the offsets display.

YASNAC compatible.

G52 Set Local Coordinate System FANUC Group 00

This code sets the origin of the local (child) coordinate system to the command location, relative to the current
work system origin. G52 is a non-modal, no motion code. The G52 coordinate system will stay in effect for all
work systems until it is canceled. The G52 is canceled when RESET is pressed and at the end of a program.
It is also canceled during a program by M30, G52 X0 Y0 Z0, or by a G92 command.

G52 Set Local Coordinate System HAAS Group 00
This code acts the same as in the Fanuc control except that G52 is not cleared at power-up, RESET, orwhen
an M30 is performed.

G53 Non-Modal Machine Coordinate Selection Group 00
This code temporarily cancels work coordinates offset and uses the machine coordinate system. It is non-
modal; so the next block will revert to whatever conditions were previously selected.

G54-59 Select Coordinate System #1 - #6 Group 12

These codes select one of the six user coordinate systems stored within the offsets memory. All subsequent
references to axes’ positions will be interpreted in the new coordinate system. Work coordinate system offsets
are entered from the Offsets display page.
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MoRrEe MisceLLaNEous G CopEs (G60, G61, G64,

G60 Uni-Directional Positioning Group 00

This G code is used to provide positioning always from the plus direction. In older systems it was used to
reduce backlash and is not recommended for use with this control. It is provided only for compatibility. It is non-
modal so does not affect the following blocks. Setting 35 controls the distance an axis is positioned past the
point prior to reversing for an approach in the plus direction.

G61 Exact Stop Modal Group 13

The G61 code is used to specify exact stop. It is modal and thus affects the following blocks. Rapid and
interpolated moves will decelerate to an exact stop before another block is processed. In exact stop, moves will
take a longer time and continuous cutter motion will not occur.

This may cause deeper cutting where the tool stops.

G64 G61 Cancel (Select Normal Cutting Mode) Group 13

The G64 code is used to cancel exact stop. It is modal and thus affects the following blocks. Rapid and
interpolated moves will not decelerate to an exact stop before another block is processed. Rapid blocks will
decelerate to within the distance specified in Parameters 101-104 before another block is processed and
interpolated motion will not decelerate at all before the next block is processed.

BoLt HoLeE PATTERNS (G70, G711, G72,

There are three G codes that provide patterns usually used for bolt holes. These are G70, G71, and G72. They
are normally used with one of the Group 09 canned cycles.

G70 Bolt Hole Circle Group 00
I Radius (Minus Reverses Direction)
J Starting angle (0 to 360.0 degrees CCW from horizontal)
L Number of holes evenly spaced around the circle

This G code must be used with one of the canned cycles G73, G74, G76, G77, Or G81-G89. The tool must be
positioned at the center of the circle either in a previous block or in the G70 block. G70 belongs to Group zero
and thus is non-modal. For a G70 to work correctly, a canned cycle should be active so that at each of the
positions, some type of drill or tap cycle is performed.

G71 Bolt Hole Arc Group 00
I Radius
J Starting angle (Degrees CCW from horizontal)
K Angular spacing of holes (+ or -)
L Number of holes

This G code is similar to G70 except that it is not limited at one complete circle. G71 belongs to Group zero
and thus is non-modal. For a G71 to work correctly, a canned cycle should be active so that at each of the
positions, some type of drill or tap cycle is performed.
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G72 Bolt Holes Along An Angle Group 00

I Distance between holes (Minus will reverse direction)
Angle of line (Degrees CCW from horizontal)
L Number of holes

(S

This G code drills L holes in a straight line at the specified angle. It operates similarly to G70 and G71. G72
belongs to Group zero and thus is non-modal. For a G72 to work correctly, a canned cycle should be active so
that at each of the positions, some type of drill or tap cycle is performed.

G 70 O
/ J \‘\
Bolt hale circle @ ﬁ LQ | = Radius of the bolt circle
| | J = Starting angle from the 3 o’clock
\ position
® @ L = Number of holes (evenly spaced)

| = Radius of the bolt circle

J = Starting angle fromthe 3 o’clock
position

K = Angular spacing between holes

L = Number of holes (evenly spaced)

Bolt hole circle

G72
| e | = Distance between holes
Bolt holes ! J = Starting angle from the 3 o’clock
along an angle position

L = Number of holes
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Cannep CycLes (G73, G74, G76, G81, G82, G83, G84, G85, G86, G87, G88, G89,

June 1999

A canned cycle is used to simplify programming of a part. Canned cycles are defined for most common Z-axis
repetitive operation such as drilling, tapping, and boring. Once selected a canned cycle is active until canceled
with G80. When active, the canned cycle is executed every time an X or Y-axis motion is programmed. Those
X-Y motions are executed as rapid commands (G00) and the canned cycle operation is performed after the X-Y
motion. There are six operations involved in every canned cycle:

1)
2)
3)
4)
9)
6)

A canned cycle is presently limited to operations in the Z-axis. That is, only the G17 plane is allowed. This

positioning of X and Y axes (and optional A),
rapid traverse to R plane,

drilling,

operation at bottom of hole,

retraction to R plane,

rapid traverse up to initial point.

means that the canned cycle will be executed in the Z-axis whenever a new position is selected inthe X or Y

axes.

The following is a summary of the canned cycles defined for the VF Series Mill:

Z Drilling
G Coe

Operation at bottom
of hole

Z Direction

Application

intermittent

G73 feed none rapid high speed peck drilling

G74 feed spindle CW feed left hand tapping
feescitggen orient spindle rapid fine boring
m feed none rapid spot drilling
feed dwell rapid counter boring
m intefrg:aiétent none rapid peck drilling
m feed spindle CCW feed tapping cycle
m feed none feed boring cycle
m feed spindle stop rapid boring cycle

G87 feed spindle stop manual / rapid back boring
feed s‘:,‘ﬁﬂg“s‘fg‘p manual / rapid boring cycle
m feed dwell feed boring cycle

G98 and G99 are modal commands that change the way the canned cycles operate. When G98 is active, the
Z-axis will be returned to the same position as at the start of the canned cycle when it completes. When G99
is active, the Z-axis will be returned to the R point when the canned cycle completes.
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according to whether incremental (G91) or absolute (G90) is active.

Incremental motion in a canned cycle is often useful as a loop (L) count, it can be used to repeat the operation

with an incremental X or Y move between each cycle.

GO98 2Z-Axis Returned to Starting Plane G99 2-Axis Returned to R Plane

Cutting Feed

- - - — - = Rapid Traverse
e Begin or end of stroke

The positioning of the X-Y axis prior to a canned cycle is normally a rapid move and that move does not exact
stop prior to plunging the Z-axis to the R depth. This may cause a crash with a close tolerance fixture. Setting

57 can be used to select exact stop of these X-Y moves.

GO0 cCanned Cycle (Absolute) GO91 Canned Cycle (Incremental)
Cutting Feed
- - - - - = Rapid Traverse
e Begin or end of stroke

~AN5-
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If a canned cycle is defined in a block without an X or Y motion, there are two common actions taken by other
controls; some will execute the canned cycle at that time and some will not. With the VF Series Mill, these
two options are selectable from Setting 28. In addition to this, if a canned cycle is defined without an X or Y
and a loop count of 0 (LO), the cycle will not be performed initially. The operation of a canned cycle will vary
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The G80 code is used to cancel a canned cycle. In addition to this, a GO0 or GO1 code will also cancel any
active canned cycle. Once a canned cycle is defined, that operation is performed at every X-Y position in
subsequently listed blocks. Some of the canned cycle numerical values can also be changed after the canned
cycle is defined. The most important of these are the R plane value and the Z depth value.

If these are listed in a block with an X-Y, the X-Y move is done and all subsequent canned cycles are performed
with the new R or Z value.

Changes to the G98/G99 selection can also be made after the canned cycle is active. If changed, the new
G98/G99 value will change all subsequent canned cycles.

G73 High Speed Peck Drilling Canned Cycle Group 09

Feed Rate in inches (mm) per minute

Optional size of first cutting depth

Optional amount to reduce cutting depth

each pass

Optional minimum depth of cut / number of pecks between retract
Number of repeats

Optional pause at end of last peck, in seconds
The cut-in value, always incremental

Position of the R plane

Optional X-axis motion command

Optional Y-axis motion command

Position of bottom of hole

«—m

K
L
P
Q
R
X
Y
Y4

G73 Peck Drilling with 1, J & K options G73 Peck Drilling with K & Q options

SN\
%/

N
\/
/

3

=
7 Plane//
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This G code is modal in that once activated, every motion of X and/orY will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected. This cycle is a high speed peck cycle where
the retract distance is set by Setting 22.

Ifl, J, and K are specified, a different operating mode is selected. The first pass will cut in by I, each succeed-
ing cut will be reduced by amount J, and the minimum cutting depth is K. If P is specified, the tool will pause
at the bottom of the hole after the last peck for that amount of time.

The same dwell time applies to all subsequent blocks that do not specify a dwell time. When the canned
cycle is cancelled (i.e. GO0, G01, G80, RESET) the dwell time will be reset to zero. This dwell cannot be used
in the same block as an M97, M98, M99, or G65, because these codes use P for different purposes.

If K and Q are both specified, a different operating mode is selected for this canned cycle. In this mode, the
tool is returned to the R plane after a number of passes totals up to the K amount. This allows much faster
drilling than G83 but still returns to the R plane occasionally to clear chips.

l,J, K, and Q are always positive numbers.

G73 Peck Drilling Canned Cycle Cutting Feed

- - - - - = Rapid Traverse
Begin or end of stroke

7 plané

Setting 52 also changes the way G73 works when it returns to the R plane. Most programmers set the R plane
well above the cut to ensure that the chip clear motion actually allows the chips to get out of the hole but this
causes a wasted motion when first drilling through this “empty” space. If Setting 52 is set to the distance
required to clear chips, the R plane can be put much closer to the part being drilled. When the clear move to R
occurs, the Z will be moved above R by this setting.
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G74

Number of repeats
Position of the R plane

N<Xxrm

Position of bottom of tap

\Y

Reverse Tap Canned Cycle

Optional X-axis motion command
Optional Y-axis motion command

eries

OPERATORS IVIANUAL

Feed Rate in inches (mm) per minute

Group 09

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected. Note that operation of this cycle is different if
the rigid tapping option is installed and selected. When rigid tapping is used, the ratio between the feed rate
and spindle speed must be precisely the thread pitch being cut.

You do not need to start the spindle CCW before this canned cycle. The control does this automatically.

G74 Tapping Canned Cycle

G98 / G99
_—

g Plané
nitia starti"d ’

T e

599 Rapid plan®

Y

R plané

Z plané

ZAxis position between holes
Gutting Feed
Rapid Traverse
o Begin or end of stroke
QL Spindle CW
D Spindle CCW

~HAS5-
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G76 Fine Boring Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Optional shift value, if Q is not specified.
Optional shift value, if Q is not specified.
Number of repeats

The dwell time at the bottom of the hole
The shift value, always incremental
Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of tap

N<XZTQOUTUr«—m

GZ76 Fine Boring Canned Cycle <= CGutingFeed

Rapid Traverse
i Begin or end of stroke

Shift
-7, Spindle Orient

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected. This cycle will shift the X and/or Y-axis prior
to retracting in order to clear the tool while exiting the part. This shift direction is set by Setting 27.

The Q value shift direction is set by setting 27. If Q is not specified, the optional | and J values are used to
determine the shift direction and distance.
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G77 Back Bore Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Optional shift value, if Q is not specified.
Optional shift value, if Q is not specified.
Number of repeats

The shift value, always incremental
Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<XZTOFr&«—m

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected. This cycle will shift the X and/or Y axis prior
to and after cutting in order to clear the tool while entering and exiting the part. If Setting 57 is on, the tool will
perform an exact stop between rapids. This will prevent breaking a tool, or any nicking at the bottom of the
hole. The Q value shift direction is set by Setting 27. If Q is not specified, the optional | and J values are used
to determine the shift direction and distance.

G77 Back Boring Canned Cycle

————™  (utting Feed s s B Ghift
- - - - = Rapid Traverse ! indle Orient
° Begin or end of stroke Q indle CW
~//NS- 968000
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G8o Canned Cycle Cancel Group 09

This G code is modal in that it deactivates all canned cycles until a new one is selected. Note that use of GO0
or GO1 will also cancel a canned cycle.

G81 Drill Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<XZxrm

G81 Drill Canned Cycle = Cutting Feed

- - - - - = Rapid Traverse
e Begin or end of stroke

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected.
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G82 Spot Drill Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

The dwell time at the bottom of the hole
Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<XZXTUurm

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected.

G82 Spot Drill Canned Cycle ——————= Cutting Feed
- - - - - -

— Rapid Traverse
bt Begilrlr or end of stroke
e
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G83 Normal Peck Drilling Canned Cycle Group 09

Feed Rate in inches (mm) per minute

Optional size of first cutting depth

Optional amount to reduce cutting depth each pass
Optional minimum depth of cut

Number of repeats

Optional pause at end of last peck, in seconds
The cut-in value, always incremental

Position of the R plane

Optional X-axis motion command

Optional Y-axis motion command

Position of bottom of hole

N<XZTDOUrXe—m

This G code is modal in that once activated, every motion of X and/orY will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected.

Ifl, J, and K are specified, a different operating mode is selected. The first pass will cut in by I, each succeed-
ing cut will be reduced by amount J, and the minimum cutting depth is K.

If P is specified, the tool will pause at the bottom of the hole after the last peck for that amount of time. The
following example will peck several times and dwell for five seconds at the end:

G83Z-0.62 F15. R0.1 Q0.175 P5.

The same dwell time applies to all subsequent blocks that do not specify a dwell time. When the canned
cycle is cancelled (i.e. GO0, G01, G80, RESET) the dwell time will be reset to zero. This dwell cannot be used
in the same block as an M97, M98, M99, or G65, because these codes use P for different purposes.

G83 Peck Drilling with 1, J & K options G83 Normal Peck Drilling
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Setting 52 also changes the way G83 works when it returns to the R plane. Most programmers set the R plane
well above the cut to insure that the chip clear motion actually allows the chips to get out of the hole but this
causes a wasted motion when first drilling through this “empty” space. If Setting 52 is set to the distance
required to clear chips, the R plane can be put much closer to the part being drilled. When the clear move to R
occurs, the Z will be moved above R by this setting.

G83 Peck Drilling Canned Cycle Gutting Feed

----- = Rapid Traverse
Begin or end of stroke
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G84 Tapping Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of tap

N<Xxrm

G84 Tapping Canned Cycle G98 /G99  ZAxis position between holes
—_—

Gutting Feed
- - - - - -  Rapid Traverse
o Begin or end of stroke
Q Spindle CW
S

Spindle CCW

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected. Note that operation of this cycle is different if
the rigid tapping option is installed and selected (See Section 7.2). When rigid tapping is used, the ratio
between the feed rate and spindle speed must be precisely the thread pitch being cut.

You do not need to start the spindle CW before this canned cycle. The control does this automatically.
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G85 Boring Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<Xxrm

G85 Boring Canned Cycle
—————™ Cutting Feed

- - - - = Rapid Traverse
L Begin or end of stroke
e
ing Plé" ing P1aNe
E 698 initia! start [nitial tarting F
i 1 .  plane
oo ren

/ / Y

R Plané R Plané

\

splane™ Splane—

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected.
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G86 Bore and Stop Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<Xxrm

G86 Bore and Stop Canned Cycle —————= Cutting Feed

- ---- = Rapid Traverse

L Begin or end of stroke
dle W
g g;gdlg Stop
.- plané
.1otarting . plané
tialS it
Gos I »
. e
- I G

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected.
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G87 Bore and Stop and Manual Retract Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<Xxrm

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected. After manual jog press cycle start to resume

program.
G87 Bore and Stop and Manual Retract Canned Cycle — = Cutting Feed
—- = Rapid Traverse
Begin or end of stroke
Handle Jog
Spindle Stop
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G8s8 Bore and Dwell and Manual Retract Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

The dwell time at the bottom of the hole
Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<XZXTUurm

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected. After manual jog press cycle start to resume

program.
G88 Bore and Dwell and Manual Retract Canned Cycle — = Cutting Feed
Rapid Traverse
Begin or end of stroke
Handle Jog
Spindle Stop

Dwell
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G89 Bore and Dwell Canned Cycle Group 09

Feed Rate in inches (mm) per minute
Number of repeats

The dwell time at the bottom of the hole
Position of the R plane

Optional X-axis motion command
Optional Y-axis motion command
Position of bottom of hole

N<XZXTUurm

This G code is modal in that once activated, every motion of X and/or Y will cause this canned cycle to be
executed until it is canceled or another canned cycle is selected.

G899 Bore and Dwell Canned Cycle

—™ Cutting Feed

- - - = Rapid Traverse

Begin or end of stroke
Dwell

ne
fial S12711 e

698 In

ABsoLUTE /INCREMENTAL SELECcTION (G90, G917,

198

G90 Absolute Position Commands Group 03

This code is modal and changes the way axis motion commands are interpreted. G90 makes all subsequent
commands absolute positions within the selected user coordinate system. Each axis which is moved will be
placed at the position coded in the command block.

G91 Incremental Position Commands Group 03

This code is modal and changes the way axis motion commands are interpreted. G91 makes all subsequent
commands incremental. Each axis which is moved will be moved by the amount coded in the command block.
This code is not compatible with G143 (5 AX Tool Length Compensation).
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More Workx CooRDINATE SELEcTION (G992,

This command works differently depending on the value of Setting 33. That setting selects FANUC, HAAS, or
YASNAC style of coordinates. This command does not move any of the axis; it only changes the values stored
as user work offsets.

G92 Set Work Coordinate Systems Shift Value - FANUC OR HAAS Group 00
A G92 command effectively shifts all work coordinate systems (G54-59, G110-129) so that the command

position becomes the current position in the active work system. G92 is a non-modal, non-motion code.

A G92 command cancels any G52 in effect for the command axes. Example: G92 X1.4 cancels the G52 for
the X-axis. The other axes are not affected.

The G92 shift value is displayed at the bottom of the work offsets page and may be cleared there if necessary.
It is also cleared automatically after power up when the POWER UP/RESTART key is pressed, and any time
ZERO RET is used to AUTO ALLAXES or ZERO SINGLE AXIS.

G92 Set Work Coordinate Systems Shift Value - YASNAC Group 00

A G92 command sets the G52 work coordinate system so that the command position becomes the current
position in the active work system. The G52 work system then automatically becomes active until another
work system is selected. G92 is a non-modal, non-motion code.

INnvERSE TIME (G993, G94,

96-8000

G93 Inverse Time Feed Mode Group 05

This G code specifies that all F (feedrate) values are to be interpreted as strokes per minute. This is equiva-
lent to saying that the ‘F’ code value, when DIVIDED INTO 60, is the number of seconds that the motion should
take to complete.

G93 activates Inverse Time Feed Mode and a G94 deactivates it.

Any interpolated motion that involves only the auxiliary axes is NOT affected by G93 - the ‘F’ code specified will
still be interpreted as Feed per Minute.

When G93 is active, the Feed Rate specification is MANDATORY for all interpolated motion blocks. i.e.: Each
non-rapid motion block MUST have its own Feed Rate specification. If it doesn’t, a “NO FEED RATE” alarm is
generated. Mixing auxiliary axes with regular axes in a G01/02/03 motion in G93 mode will generate the alarm:

“AUX AXIS IN G93 BLOCK”

* All Group 9 motion commands, as well as any G12, G13, G70, G71, G72, or G150 command, will generate a
syntax alarm when in G93 mode.

* Pressing RESET will reset the machine to G94 (Feed per Minute) mode.
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* The diameter settings (4th & 5th axis) are meaningless in inverse time.

*Alarm 309, "EXCEEDED MAX FEEDRATE", will not be generated by G93, because the machine will auto-
matically be limited by the slowest axis.

G94 Feed Per Minute Mode Group 05

This code deactivates G93 (Inverse Time Feed Mode) and returns the control to Feed Per Minute Mode.
Pressing RESET returns the machine to G94 mode.

CANNED CycLE AuxiLIARY Functions (G98, G99)

G9s8 Canned Cycle initial Point Return Group 10

This G code is modal and changes the way canned cycles operate. With G98, the canned cycle will return to
the initial starting point of the canned cycle when it completes.

G99 Canned Cycle R Plane Return Group 10

This G code is modal and changes the way canned cycles operate. With G99, the canned cycle will return to
the R plane when the canned cycle completes.

ProGrRaAMMABLE MIRROR IMaGe (G100, G101,

G100 Cancel Mirror Image Group 00
G101 Enable Mirror Image Group 00
X Optional X-axis command
Y Optional Y-axis command
Z Optional Z-axis command
A Optional A-axis command

At least one of these is required

Programmable mirror image can be turned on or off individually for any of the four axes. The two G codes (G100
and G101) are non-modal but the mirror image status of each axis is modal. The bottom of the CRT will
indicate when an axis is mirrored. These G codes should be used in a command block without any other G
codes and they do not cause any axis motion. G101 will turn on mirror image for any axis listed in that block.
G100 will turn off mirror image for any axis listed in the block. The actual value given forthe X, Y, Z, or A code
has no effect. G100 or G101 by itself will have no effect.

When using Cutter Compensation with Mirror Imaging, follow this guideline: After turning Mirror Imaging ON or
OFF with a G100 or G101, the next motion block should be to a different work coordinate position than the first
one. The following code is an example:
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Incorrect: Correct:
G41 X1.0Y1.0 G41 X1.0Y1.0
G01 X2.0Y2.0 G01 X2.0Y2.0
G101 X0 G101 X0
GO00 Z1.0 GO00 Z1.0
G00 X2.0Y2.0 GO00 X1.0

G00 X2.0Y2.0
G40 G40

The mirror function can change the direction of motion along any of the axes. If any one of these are selected,
the display will show the status. Mirror image will reflect programmed motion around your work coordinate zero
point. Be careful that mirror of only one of X or Y will cause the cutter to move along the opposite side of a cut.
In addition, if mirror is selected for only one axis of a circular motion plane, circular motion G02 and G03 are
reversed and left side and right side cutter compensation G41 and G42 are reversed. Settings 45 through 48
are used to select mirrorimage.

ProGrAmMMABLE OutPuTr TO RS-232 (G102,

96-8000

G102 Programmable Output to RS-232 Group 00
X Optional X-axis command
Y Optional Y-axis command
Z Optional Z-axis command
A Optional A-axis command

Programmable output to the RS-232 port allows the current work coordinates of the four axes to be output. This
G code (G102) is non-modal so only affects the block in which it is programmed. This G code should be used
in a command block without any other G codes and it will not cause any axis motion. The actual value given for
the X, Y, Z, or A code has no effect. One complete line of text is sent to the first RS-232 port (same one used
for upload, download, and DNC). Each axis listed in the G102 command block is output to the RS-232 port in
the same format as values are displayed in a program.

Optional spaces (Setting 41) and EOB control (Setting 25) are applied. The values sent out are always the
current axes positions referenced to the current work coordinate system.

Digitizing of a part is possible using this G code and a program which steps over a part in X-Y and probes
downward in Z with a G31. When the probe hits, the next block could be a G102 to send the X, Y, Z position
out to a computer which could store the coordinates as a digitized part.
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Limit BLock Burrering Funcrtion (G103

G103 Limit Block Bufering Group 00

P =0-15 Max. number of blocks the control will look ahead
G103 [P.]

“Block Lookahead” is a term used to describe what the control is doing in the background during machine
motion. A motion block may take several seconds to execute. The control can take advantage of this by
preparing additional blocks of the program ahead of time. Time is saved while the current block is executing
and the next block has already been interpreted and prepared by the continuous, uninterrupted motion be-
tween consecutive blocks. Block lookahead is also important for obtaining information necessary for predicting
compensated positions for cutter compensation.

When G103 PO is programmed, block limiting is disabled. Block limiting is also disabled if G103 appearsin a
block without a P address code.

When G103 Pn is programmed, lookahead is limited to n blocks.

At this time G103 cannot be used if cutter compensation, G41 or G42, is in effect. Alarm 387 is generated if
you attempt to do so.

G103 is also useful for debugging programs using macros. Macro expressions are executed at lookahead
time. By inserting a G103 P1 into the program, macro expressions will be performed one block ahead of the
current executing block.

G103 is not a FANUC compatible command.

CyLINDRICAL MappPinG (G107,

202

G107 Cylindrical Mapping Group 00
X Optional X-axis command A Optional A-axis command
Y Optional Y-axis command Q Optional diameter of cylindrical surface
Z Optional Z-axis command R Optional radius of rotary axis

This G-code translates all programmed motion occurring in a specified linear axis into the equivalent motion
along the surface of a cylinder (attached to a rotary axis). Itis a Group 0 G-Code, but its default operation is
subject to Setting 56 (M30 RESTORE DEFAULT G). G107 is used to either activate or deactivate cylindrical

mapping.
* Any linear axis can be cylindrically mapped to any rotary axis (Only one at a time).

* Existing linear-axis G-Code programs can be cylindrically mapped without modification; all that is required is
the prior execution of a single G107 command, which is either placed at the beginning of the G-Code program
itself or, if Setting 56 is set to OFF, can even be specified in a previous G-Code program, provided a RESET
has not been issued in the interim.
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*The radius (or diameter) of the cylindrical surface can be redefined in a G-Code program, allowing cylindrical
mapping to occur along surfaces of different diameters without the operator having to change the program.

*The radius (or diameter) of the cylindrical surface can either be synchronized with, or be independent of, the
rotary axis diameter(s) specified in the settings page.

* G107 can also be used to set the default diameter of a cylindrical surface, independently of any cylindrical
mapping that may be in effect.

G107 DESCRIPTION

1) Three optional parameters (Address codes) can accompany G107:

X,Y, orZ - Either an X, Y, or Z address parameter can be specified. Its presence denotes that cylindrical
mapping is to be initiated, and specifies the linear axis that will be mapped to the specified rotary axis (A or B).
Any associated address value for this parameter will be ignored.

If one of these linear axes are specified, a rotary axis must also be specified, or an alarm will be generated.

A or B - Either an A or a B address parameter can be specified, and must be specified if any of the other
parameters are specified. It serves to identify which rotary axis is being used to house the cylindrical surface;
any associated address value for this parameter will be ignored.

Q - Diameter of the cylindrical surface. If this parameter is specified, a rotary axis must also be specified, or an
alarm will be generated at run time. If neither this parameter or the R parameter are specified, then the diam-
eter assumed for the cylindrical surface will be whatever was last specified for this rotary axis in a previously
issued G107 since the machine was powered up.

If no G107 was issued since the machine was powered up, or if the last value specified was zero, then the
diameter will be whatever is currently defined in the CNC Settings for this rotary axis ( “4th Axis Diameter”, etc.)

The value specified for this parameter will become the new G107 default for the specified rotary axis until the
machine is turned off.

If this parameter was not specified in a previous G107 since the machine was powered up, or if its last speci-
fied value was zero, or if its last specified value was numerically equal to that defined for the rotary axis in the
CNC Settings page, then any change made to the rotary axis diameter in the CNC Settings page will also
change the default value for this parameter. In such a situation, the default G107 diameter is said to be “in
sync” with the CNC Settings.

If the last non-zero G107 diameter value specified since the machine was powered up was not numerically
equal to the Settings page value however, then the G107 diameter is said to be “out of sync” with the Settings
page, and the default value thus established will be retained regardless of any changes made to the Settings
page, until or unless they become equal in value.

This means that the rotary axis diameter as specified in the CNC Settings page is always used as the default
cylindrical surface diameter, unless a previously issued G107 has established a different value. This allows the
default cylindrical surface diameter to either be synchronized with, or operate independently from, the rotary
axis diameter defined in the CNC Settings.
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To force the default cylindrical surface diameter to be “in sync” with the Settings page Rotary Axis Diameter,
which may be desirable if the current default cylindrical surface diameter status is unknown, the following G107
command can be used:

G107 A0 QO

This command will reset the A-axis default cylindrical surface diameter to zero, which forces the Settings page
value to be used as the default for that axis.

R - This parameter specifies the radius of the rotary axis. If Q has already been specified, the R will be
ignored. Except as noted above, the conditions and/or restrictions associated with the use of this parameter
are exactly the same as the Q parameter.

2) The above parameters can be entered in any order.

3) Pressing the RESET key will always turn off any Cylindrical Mapping that is currently in effect,
regardless of the status of Setting 56. Cylindrical Mapping will also be turned off automatically
whenever the G-Code program ends, but only if Setting 56 is set to ON. If Setting 56 is set to
OFF, any Cylindrical Mapping that is in effect when the program ends will remain in effect.

4) A G107 code issued without any parameters will turn off any cylindrical mapping currently in effect.
This should normally be done before a program ends. If Setting 56 is set to OFF however, it may
be desirable not to turn Cylindrical Mapping off, so that the mapping established can be used by
other programs.

5) Re-issuing a G107 with either the same or a different linear axis specification will turn off any
cylindrical mapping that is currently in effect, before the new mapping is initiated.

6) Issuing a G107 code with only a rotary axis specification and either a Q or an R will only change
the default diameter for the specified rotary axis; it will not turn on or off any cylindrical mapping.

Note: Due to the fact that a rotary axis’s maximum acceleration (as parameterized
in steps/seconds/second in the parameters page) is different from a linear
axis’s maximum acceleration, there is a maximum achievable Feed Rate that
can be programmed for a Circular Interpolated Move, when one of the Circular
axes has been Cylindrically Mapped. Referto the nextsection for a description
of FEED RATE ALTERATION.

FEED RATE ALTERATION TO ENSURE CONCURRENT AXIS MOTION

The actual FeedRate achieved in any interpolated motion in the CNC Mill is limited by the maximum speed
achievable in each axis of motion. The FeedRate may be lowered from its programmed value if that value would
cause the Mill to command an axis to move fasterthan its parameterized maximum speed.

This means that the actual FeedRate achieved may be less than or equal to the programmed FeedRate,
ensuring that all axes of interpolated motion move concurrently. When this condition occurs, the warning ‘LIM’
will be displayed on the screen immediately to the left of the ‘FEED’ display.

Note also that the MAX FEED RATE EXCEEDED alarm will still be issued if the programmed feed rate exceeds
parameter 59 MAX FEEDRATE, (currently 300 ipm), but ONLY if the mill is not in Inverse Time mode.

204 —///4/4? 968000




June 1999

96-8000

Vi
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T
ﬁ 2.0000

R .50" 4X

4.0000

SAMPLE PART PROGRAM

%

00079 (G107 TEST)

G00 G40 G49 G80 G90

G28 G91 A0

G90

G00 G54 X1.75 YO S5000 MO03

G107 A0 YO R2. (IFNOROR Q VALUE, MACHINE WILL USE VALUE IN SETTING 34)

G43 HO01 Z0.25
GO01 Z-0.25 F25.
G41 D01 X2. Y0.5
G03 X1.5 Y1. R0.5
GO01 X-1.5

G03 X-2. Y0.5 R0O.5
GO01 Y-0.5

G03 X-1.5 Y-1. R0.5
GO01 X1.5

G03 X2. Y-0.5 R0.5
GO01 YO.

G40 X1.75

GO00 70.25

M09

MO05

G91 G28 Z0.
G28Y0.

G90

G107

M30

%
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More Work CooRDINATE SELEcTION (G110-G129,

G110-G129 Coordinate system #7-26 Group 12

These codes select one of the additional 20 user coordinate systems stored within the offsets memory. All
subsequent references to axes positions will be interpreted in the new coordinate system. Operation of G110
to G129 are the same as G54 to G59.

206

CompPENsATION (G141, G143

G141 3D+ CUTTER COMPENSATION Group 07

This feature performs 3d+ cutter diameter compensation. The form is:
G141 Xnnn Ynnn Znnn Dnn Innn Jnnn Knnn

Subsequent lines can be of the form:

GO01 Fnnn Xnnn Ynnn Znnn Innn Jnnn Knnn
or:

GO00 Xnnn Ynnn Znnn Innn Jnnn Knnn

The 3d+ G141 cutter compensation is not just for 5 axes work. Any CAD system can output the I, J, K values
to shift the tool by the amount in the offsets memory of the control, even if the motions are only in 2 or 3 axes.
In the Haas version, only GO0 and GO1 will get G141 cutter compensation. No other functions or canned cycles
will get the offset. G91 incremental motion also cannot be used. The G141 is used to indicate without any
doubt, what type of compensation is being requested. G40 will cancel 3d+ cutter compensation. The Dnn code
selects which radius of diameter offset to use. G141 is modal with G40, G41, and G42. Inverse time is usually
used with this type of motion but is not required. The I, J, and K values point in the direction that the cutter
compensation is to be applied. When G141 is active, commanded motion of X, Y, or Z will have a vector
component of the tool diameter added to the motion according to the direction vector defined by I, J, and K. For
example:

T1 M06

G00 G90 G54 X0 Y0 Z0 A0 BO

G141 D01 X0.YO0. Z0. (RAPID POSIT WITH 3 AXC COMP)
G01G93 X.01Y.01Z.011.1J.2K.9747 F300. (FEED INV TIME)
X.02Y.03Z.041.15J.25 K.9566 F300.

X.02Y.0557.064 1.2 J.3 K.9327 F300

X2.345Y.1234 7-1.2341.25 J.35 K.9028 F200. (LAST MOTION)
G94 F50. (CANCEL G93)

GO0 G90 G40 20 (RAPID TO ZERO, CANCEL 3 AXIS C COMP)
X0YO0

M30

Note: G141 is a group 7 G code, G40 cancels G141, G91 is not compatible with
G141, G141 uses a D code
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G143 5 Axes Tool Length Compensation + Group 08
(This G-code is optional it is only used on the bridge mill and VR-11)

This allows the user to correct for variations in the length of cutting tools without the need to revert to CAD/
CAM or post- processing steps. 5 axes length compensation applies only to machines where all rotary motion
is movement of the cutting tool. It does not apply to machines where any of the rotary axes involve motion of
the part or fixture. An H code is required to select the tool length from the existing length compensation tables.
Selecting G49 or HOO will cancel 5 axes compensation. If only normal (Z axes) cutter length compensation is
desired, simply program G43 or G44. For G143 to work correctly, there must be two rotary axis, A and B. G90
must be active for absolute positioning mode and G91 must not be used. Work position 0,0 for the A and B
axes must be such that the tool is parallel with Z axes motion.

G143 tool length compensation works only with rapid (G00) and feed (G01) motions. No other feed functions
(G02 or G03) or canned cycles (drilling, tapping, etc.) can be used. When G143 is active, a commanded
motion of X,Y, or Z will have a vector component of the tool length added to the motion according to the work
coordinates of the A and B axes. For a positive length of the tool, this will move Z upward or in the + direction. If
one of X,Y, or Z is not programmed, there will be no motion of that axes, even if the motion of A or B causes a
new vector for the tool length. Thus a typical program would use all 5 axes on one block of data.

Feed rate in G143 is complicated by the vector offset added to XYZ. Thus inverse feed (G93) is strongly
recommended. If the inverse feed rate was correct before applying G143, it will still be correct with any length of
compensation unless the maximum speed of an axes is exceeded. An example follows:

T1 M06

G00 G90 G54 X0 Y0 Z0 A0 BO

G143 HO1 X0.Y0. Z0. A-20. B-20. (RAPID POSIT W. 5AX COMP)
G01 G93 X.01Y.01Z.01 A-19.9B-19.9 F300. (FEED INV TIME)
X0.02Y0.03 Z0.04 A-