Machine Configurations

Different 5-Axis Machine Configurations:

Tilting Table configuration Vertical spindle either Trunnion (TR) or tilting rotary table (TRT) 

Tilting Head VR-8 through VR-11
Travel Limits:
Rotary travel limits for tilting head 
A+/- 32.000 degrees 
B +/- 32.000 degrees
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VR Series Travels and Specifications

	
	VR-8
	VR-9
	VR-11

	
	TABLE

	Size
	64” x 36”  (163 cm x 91 cm)
	84” x 36” (213 cm x 91 cm)
	120” x 28” (305 cm x 71 cm)

	Max. Weight
	4,000 lbs  (1814 kg)

	
	TRAVELS

	X-Axis
	64” (163 cm)
	84” (213 cm)
	120” (305 cm)

	Y-Axis
	40” (102 cm)
	40” (102 cm)
	40” (102 cm)

	Z-Axis
	30” (76 cm)
	30” (76 cm)
	30” (76 cm)

	A-Axis
	+/- 32(

	B-Axis
	+/- 32(

	
	LINEAR SCALES

	X, Y & Z-Axes
	Optional

	
	SPINDLE

	
	5-axis Enclosed Gimbaled-Design

	Speed
	7,500 RPM (10K 30 HP Option)  (15K 30 HP Option)

	Max Rating -Peak
	30 hp (22.4 kW)

	
	FEEDRATES

	X Rapids
	540 ipm (137 m/min)
	600 ipm (15.2 m/min)
	360 ipm (9.1 m/min)

	Y, Z Rapids
	600 ipm (15.2 m/min) for all models.

	A & B Rapids
	1900(/min

	X, Y, Z Feed
	500 ipm (12.7 m/min)
	500 ipm (12.7 m/min)
	360 ipm (9.1 m/min)

	A & B Feed
	600(/min

	
	TOOLS

	Type
	CT40

	Capacity
	32
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Trunnion Table

VF-2TR



X   30.00”, Y 16.00”, Z 20.00”, A +/- 120(, B +/- 360(
VF-5TR



X   38.00”, Y 26.00”, Z 25.00”, A +/- 120(, B +/- 360(
VF-6TR



X   64.00”, Y 32.00”, Z 30.00”, A +/- 120(, B +/- 360(
Maximum B-axis programmable position is +/- 99999.999 degrees

Rotary axis orientation 

A-axis tilting B-axis rotary 


B-axis platter center bore VF-2TR 
1.500” 4.790” Deep

B-axis platter center bore VF-5TR 
2.000” 5.100” Deep

B-axis platter center bore VF-6TR 
3.250” Through
Maximum Part Swing VF-2TR 17.5" 
(may be reduced at tilt angles over +/- 90°)

Maximum Part Swing VF-5TR 23.5" 
(may be reduced at tilt angles over +/- 90°)

Maximum Part Swing VF-6TR 31.0" 
(may be reduced at tilt angles over +/- 90°)
Maximum feed rate is 650.00 IPM. 
VF-2TR 80 degrees per second capacity 80 lbs

Maximum feed rate is 500.00 IPM. 
VF-5TR 60 degrees per second capacity 200 lbs

Maximum feed rate is 500.00 IPM. 
VF-6TR 50 degrees per second capacity 500 lbs

G & M Codes

G-codes

The control automatically sets these G-codes when power is turned on.

G00 Rapid Traverse 



G64 Cancel Exact Stop 

G17 X, Y Plane Selection
 

G80 Cancel Canned Cycles 

G20 Inch Mode 



G90 Absolute Mode Programming

G40 Cancel Cutter Compensation

G94 Feed Per Minute

G49 Cancel Tool Length Compensation
G98 Initial Point Return

G54 Active Work Coordinate System
G00 rapid can be used for positioning although caution must be used as the axes do not arrive to the endpoint at the same time, a fast feed for positioning can be used to be sure that the machine arrives to the programmed point simultaneously.

G01 feed mode is used for cutting and can be used for positioning the machine.

G40 cancels cutter compensation G41, G42, G141.
G80 cancels all canned cycles.

G93 is a modal feed command for the machine when running a mix of rotary and linear axes.   G94 can be used either when moving the X, Y and Z by themselves or together, or when positioning the tool for a cut.  In a cut, with a mix of rotary and linear axes, the machine should be in G93.  When using G93 a feed rate must be specified on each G01, G02 or G03 block, the maximum allowed feed statement is F45000.  This code specifies that all F values be interpreted as strokes per minute.  This means that 60 (number of seconds per minute) divided by the F value, is the number of seconds the motion should take to complete. 
G141 3-D vector compensation

Use of G141 requires that the post processor output X, Y, Z, A, B, I, J, and K. 

The I, J and K are the unit vector telling the controller which direction the tool is to be compensated from the program path.  A Dnn will also have to be programmed; only motion allowed is in G90 G01 and G00.  Unit vectors are vectors that have unit length. They are important in many applications. In three dimensions, the vectors I, J and K which run along the X, Y and Z axes respectively, all have unit length.  See bottom for Unit vector information.
G143 5-Axis tool length compensation

Use of G143 is not required if the machine is programmed from the pivot point, that is using the full distance from the tip of the tool to the pivot point.  Z-axis positions in the program will reflect the sum of the tool gage length and the pivot distance plus or minus the programmed Z position. When G143 is active, the control will compensate for the values in the tool length offset for the tool plus the value in setting 117.  G143 is intended for the gimbaled spindle machine only. The intention behind G143 is to compensate for the difference in tool length between the originally posted tool and a substitute tool. Using G143 allows you to run the program without having to repost a new tool length.
Note: G143 is a group 8 G-code.  G43, G49 and H00 cancel G143, G91 is not compatible with G143, and G143 uses an H-code same way that the G43 and G44 does.  

G143 will not work correctly with any helical motion, unexpected results will occur, as the compensation will cause the Z-axis to move to a position that is not commanded or desired.  The Z-axis will move in either the positive or the negative direction.  G02 and G03 are allowed as long as the A and B are at Zero, if they are not the machine will alarm with Alarm 474 G02 or G03 not allowed with G143.  G02 and G03 are allowed in G143 mode only if the A and B axes are at machine zero position.  The current A and B axes machine positions must be zero.  

In addition, the G02 or G03 must not command the A or B axis to a non-zero machine position.  Also verify work offsets for A and B axes are zero, this means don’t’ try to fix the tram of the spindle with a WCO.

G187 Accuracy Control will allow user to control setting 85 on the fly is so required.
The format for using G187 is G187 P1/2/3 En.nnn.  

The P operand sets the smoothness level, temporarily overriding Setting 191.  

P1 sets ROUGH

P2 sets MEDIUM

P3 sets SMOOTH  

The E operand sets the maximum corner rounding value, temporarily overriding Setting 85.

A smoothness factor from the P value is applied to the maximum corner rounding value.  For MEDIUM smoothness, this factor is 2.

For example:

* G187 Pm En.nnn sets both the smoothness value and the maximum corner rounding value.

* G187 Pm sets the smoothness and leaves maximum corner rounding at its current value.

* G187 En.nnn sets the maximum corner rounding and leaves smoothness at its current value.

* G187 by itself cancels the E value and sets smoothness to Default Smoothness.  See Setting 191.

* If either the E or the P values are out of range, an alarm is generated at execution.

* G187 will be cancelled whenever "Reset" is pressed, M30 or M02 is executed, or the end of program is reached, or E-stop is pressed.

Canned Cycles:
The following canned cycles support 5-axis gimbaled spindle machines optional address codes are listed for each.  

Tilting tables will perform the normal canned cycles used in the 3-axis mill.

G80   Cancels all Group-9 canned cycles

G153 5-Axis High Speed Peck Drilling Cycle (E, F, I, J, K, L, P, Q, A, B, X, Y, A)

G155 5-Axis Reverse Tap Cycle use a floating holder (E, F, L, A, B, X, Y, Z)

G161 5-Axis Drill Cycle (E, F, L, A, B, X, Y, Z)

G162 5-Axis Spot Drill Cycle (E, F, L, P, A, B, X Y, Z)

G163 5-Axis Normal Peck Cycle (E, F, I, J, K, L, P, Q, A, B, X, Y, A)

G164 5-Axis Tapping Cycle use a floating holder (E, F, L, A, B, X, Y, Z)

G165 5-Axis Bore In/Bore out Cycle (E, F, L, A, B, X, Y, Z)

G166 5-Axis Bore/Stop/Rapid Cycle (E, F, L, A, B, X, Y, Z)

G169 5-Axis Bore/Dwell/Manual Cycle (E, F, L, P, A, B, X, Y, Z)

G174 CCW Non-Vertical Rigid Tap Cycle (F, X, Y, Z)

G184 CW Non-Vertical Rigid Tap Cycle (F, X, Y, Z)

M-Codes

M10 (4th A-axis brake on) 

M11 (4th A-axis brake off) 

M12 (5th B-axis brake on) 

M13 (5th B-axis brake off)

Rotary axis brakes:

Brakes are automatically released by the control when A or B motion is commanded to move.  The brakes will need to be commanded off when the machine is programmed to do multi-axis motion, simultaneous motion either alone or with the linear axes using the M-codes.  After a cut involving multi-axis motion including the A and B is done, the program should lock up the brakes, turn them off when needed and turn them back on when done just as is done with other G-codes.  

If the M-codes are not used, the brakes will be clamped and unclamped automatically.  However, if there is no motion commanded for either of the rotary axes during a multi-axis path the machine will stop and unclamp when that locked axis is commanded to move again.  This will result in a dwell that will cause machine motion to stop or pause while the machine waits for the clamp or unclamp to happen.  

There will be a witness mark on the part at the point of the dwell as the dwell or pause will be about ¼ second while the machine waits for the brake to finish.  This will also result in something that looks like jerky motion, really it isn’t but it is the reason the brakes need to be turned on and off as required, easiest point is at the feed mode switch, if this has to be done manually at the G93 the brakes can go off until the next G94.

Program should look something like this for control of the rotary brakes:

(SWARF CUT) 

G00 G17 G40 G49 G80 G90 

T22 M06 

M01 

T17 

M11 (UNLOCK 4TH BRAKE)

M13 (UNLOCK 5TH BRAKE)

G00 G90 G54 X0.4014 Y0.1703 B-90. A6.483 S6500 M03 

G43 H22 Z8.5349 M08 

G01 Z4.7849 F75. 

G01 X0.3946 Y0.2189 Z4.7801 F35. 

X0.3785 Y0.2651 Z4.7659 

X0.3536 Y0.3074 Z4.7428 

X0.321 Y0.3439 Z4.7117 

X0.2819 Y0.3735 Z4.6738 

X0.2377 Y0.3948 Z4.6306 

X0.1903 Y0.4071 Z4.5837 

X0.1414 Y0.4099 Z4.5349 

G93 X0.1737 Y0.3969 Z4.5334 B-85.263 F1739.18 

X0.2049 Y0.3813 Z4.5317 B-80.526 F1739.16 

X0.2346 Y0.3633 Z4.5296 B-75.789 F1739.18 

X0.2628 Y0.3428 Z4.5273 B-71.053 F1739.18 

X0.1244 Y0.4304 Z4.5355 B627.573 F9898.07 

X0.1301 Y0.4287 Z4.5353 B628.382 F9897.41 

X0.1357 Y0.4268 Z4.5351 B629.191 F9897.48 

X0.1414 Y0.4249 Z4.5349 B630. F9898.13 

G94 X0.0926 Y0.4204 Z4.5837 F75. 

X0.0456 Y0.4065 Z4.6306 

X0.0022 Y0.3837 Z4.6738 

X-0.0359 Y0.3529 Z4.7117 

X-0.0673 Y0.3152 Z4.7428 

X-0.0907 Y0.2721 Z4.7659 

X-0.1052 Y0.2253 Z4.7801 

X-0.1104 Y0.1766 Z4.7849 

G00 Z8.5349 M09 

M10 (LOCK 4TH BRAKE)

M12 (LOCK 5TH BRAKE)

G28 G91 Z0 

G28 G91 A0 B0 

M01

Vector Definitions

A vector is a quantity that has both magnitude and direction. The magnitude is a scalar quantity, a scalar being defined as a quantity that may be completely specified by a number and perhaps a unit. Common textbook representations of vectors include boldfaced letters and boldface with an arrow above them. For example a displacement vector of 30 meters east could be represented in a variety of ways:
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or a graphical representation

30m




The magnitude of the vector might be represented by absolute value signs around the vector symbol, or just the letter without the boldface.
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A vector might also be expressed in terms of unit vectors. 

Unit Vectors

It is convenient to use vectors of unit length to specify the directions of vector quantities in the various coordinate systems. 

In Cartesian coordinates, it is typical to use I, J and K to represent unit vectors in the x, y and z directions respectively. 

A vector, which specifies a position in space with respect to the origin of the coordinate system, could then be written. 
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Rectangular or "Cartesian" Coordinates

The most common coordinate system for representing positions in space is one based on three perpendicular spatial axes generally designated x, y, and z. Any point P may be represented by three signed numbers, usually written (x, y, z) where the coordinate is the perpendicular distance from the plane formed by the other two axes.

Often positions are specified by a position vector that can be expressed in terms of coordinate values and associated unit vectors. 
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Although the entire coordinate system can be rotated, the relationship between the axes is fixed in what is called a right-handed coordinate system.   The distance between any two points in rectangular coordinates can be found from the distance relationship.

Parameters and Settings

Parameters for motion control:
Some parameters are specifically assigned to these types of machines.

Most of the time they are set correctly from the factory although there are times when some massaging will need to be done because of something that the user is trying to do with the machine that it doesn’t perform quite the way it should.  

Parameter 104 IN POSITION LIMIT 

A-axis base value is 16000 for VR-11, 8000 for the tilting tables.

This parameter dictates how close the machine has to be to an endpoint before the next programmed motion can begin when not in exact stop.

Parameter 165 IN POSITION LIMIT 

B-axis base value is 16000 for VR-11, 8000 for the tilting tables.

This parameter dictates how close the machine has to be to an endpoint before the next programmed motion can begin when not in exact stop. You will notice that the “in position limits” for the A and B-axis on the VR-11 are large compared to a typical rotary table.  For example, a normal HRT-310 the value for the parameter would be 4000.  On the VR series, it is 4 times greater.  The reason for this is to make the machine motion smoother (less stiff) when the machine is in a multi-axis tool path.  Where there is a mix of rotary and linear motion, the linear axes are able to get to program position faster than rotary axes can.

Parameter 298 MAX FEED (DEG/MIN) base value is 0

The machine uses this parameter to limit the speed of the rotary axes.  It is in units of degrees per minute.  When the speed limit set by this parameter is reached, it cannot be exceeded, instead, the message LIM will appear on the screen by the feed message.  Machines with gimbaled spindle should have a value of 300, for all other machines, the value should be 99999.  If the parameter is zero, no limit will be set on the rotary axes.

The following nine parameters are used on all milling machines and control the accelerations while in the feed mode.
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Parameter 749 FEED ACCEL ROUGH 

base value is 

Parameter 750 FEED T CONST ROUGH 

base value is            

Parameter 751 FEED DELTA V ROUGH 

base value is          

Parameter 302 FEED ACCEL MEDIUM 

base value is 

Parameter 303 FEED T CONST MEDIUM 

base value is

Parameter 314 FEED DELTA V MEDIUM 

base value is

Parameter 752 FEED ACCEL FINISH 

base value is

Parameter 753 FEED T CONST FINISH 

base value is

Parameter 754 FEED DELTA V FINISH 

base value is 

Motion control parameter definitions:

Parameter 302

This is the acceleration that applies to feed motion when MEDIUM smoothness is selected by Setting 191 or the G187 command.  The units are in encoder steps per second squared.

Parameter 303 

This parameter is the base 2 exponent of the feed time constant that is applied when MEDIUM smoothness is selected by Setting 191 or the G187 command.  The units are in milliseconds.

Parameter 314

This is the maximum change in velocity allowed between motion steps when MEDIUM smoothness is selected by Setting 191 or the G187 command.  The basic value is given by the formula (FEED DELTA V) = (FEED ACCEL) times 2 to the power of (FEED T CONST) divided by 1 million.  The units are in encoder steps per millisecond.

Parameter 749

This is applied when ROUGH smoothness is selected (see par 302 for description). 

Parameter 750

This is applied when ROUGH smoothness is selected (see par 303 for description). 

Parameter 751 

This is applied when ROUGH smoothness is selected (see par 314 for description).

Parameter 752 

This is applied when FINISH smoothness is selected (see par 302 for description).  

Parameter 753
This is applied when FINISH smoothness is selected (see par 303 for description).

Parameter 754
This is applied when FINISH smoothness is selected (see par 314 for description).

Settings: 

Setting 30 4th- Axis Enable

This setting initializes the control for a specific 4th axis. When this setting is OFF, the fourth axis is disabled; no commands can be sent to that axis. See setting 78 for 5th axis. Note that there are two selections USER 1 and USER 2 that can be used to set-up a unique rotary table.  This is set to USER 1 for VR series; the correct parameters for the VR-11 can be printed out and entered into the machine for each of the rotary axes.

This is set to TR160TLT for VF-2TR.

This is set to TR210TLT for VF-5TR.

This is set to TR310TLT for VF-6TR.

Setting 34 4th-Axis Diameter

This is used to set the diameter of the A-axis range is from 0.0 to 50 inches.  The control will use this setting to determine the angular feedrate. The feedrate in a program is always inches per minute (or mm per minute), therefore, the control must know the diameter of the part being machined in the A-axis in order to compute angular feedrate. This is left at the default value of 1.00”

Setting 78 5th-Axis Enable

When this setting is OFF, the fifth axis is disabled and no commands can be sent to that axis. In order to change this setting the Emergency Stop button must be pressed. See setting 30 for 4th axis. Note that there is two selections USER 1 and USER 2 that can be used to set-up a unique rotary table.  This setting will be set to USER 2.

This is set to USER 2 for VR series.

This is set to TR160ROT for VF-2TR.

This is set to TR210ROT for VF-5TR.

This is set to TR310ROT for VF-6TR.

Setting 79 5th-axis Diameter

This is used to set the diameter of the B-axis range is from 0.0 to 50 inches. The control will use this setting to determine the angular feedrate. The feedrate in a program is always inches per minute (or mm per minute), therefore, the control must know the diameter of the part being machined in the B-axis in order to compute angular feedrate. This is kept on the default value of 1.00”

Setting 85 Max Corner Rounding

This setting defines the machining accuracy of rounded corners within a selected tolerance. The initial default value is 0.0250” for the VR series and TR machines, except on VF-5 trunnion, the VF-5TR set to 0.0500”. If this setting is zero (0), the control acts as if an exact stop is commanded in each motion block.
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G187 En.nnn can be used in the program to over ride the effective value of Setting 85, without changing the setting manually.    

The G187 code is used to select both the smoothness level and the accuracy with which corners are machined.  The smoothness level modifies acceleration rates, allowing the operator to choose between a higher speed rough cut, a standard speed medium cut, or a slower speed finish cut.  The format for using G187 is G187 P1/2/3 En.nnn.  

The P operand sets the smoothness level, temporarily overriding Setting 191.  

P1 sets ROUGH

P2 sets MEDIUM

P3 sets SMOOTH  

The E operand sets the maximum corner rounding value, temporarily overriding Setting 85.  A smoothness factor from the P value is applied to the maximum corner rounding value.  For MEDIUM smoothness, this factor is 2.

For example:

G187 Pm En.nnn sets both the smoothness value and the maximum corner rounding value.

G187 Pm sets the smoothness and leaves maximum corner rounding at its current value.

G187 En.nnn sets the maximum corner rounding and leaves smoothness at its current value.

G187 by itself cancels the E value and sets smoothness to Default Smoothness.  

See Setting 191.  If either the E or the P values are out of range, an alarm is generated at execution.

Setting 116 Pivot Length 

This is a user reference setting intended to record the pivot length of the machine.  This setting can only be changed while the machine is in DEBUG, when reloading settings via external device the setting cannot be changed unless the machine is in DEBUG.  There will be a CRC error and the setting will not be updated.

Setting 117 G143 Global Offset 

This setting is provided for customers who have more than one 5-axis mill with a gimbaled spindle and want to transfer the programs and tools from one machine to the other another.

In assembly the pivot length from one VR to another is supposed to be with in +/- 0.0100”.

The difference in the pivot lengths needs to be entered into this setting, and the amount of compensation will be applied by programming G143 tool length compensation.  

If there is any value in this setting and the machine is using G143, the value here will be used to compensate the tool path. Normally this setting should be zero.
Setting 191 Default Smoothness

This feature allows the operator to easily set the smoothness and accuracy at which the mill operates.  It includes a setting, parameters, and an enhanced G187 command.  Setting 191 may be set to ROUGH, MEDIUM or FINISH, which allows the user to select the set of default smoothness parameters and a maximum corner rounding factor.  The default values are used when not overridden by a G187 command.  

Each of the settings will reference a set of parameters that refer to them.  

Rough: 749, 750, and 751 

Medium: 302, 303, and 314 

Smooth: 752, 753, and 754

Calibration of Renishaw Probes on VR-11

Home A and B-axes.

Place master tool in the spindle and jog Z-axis down to a dial test indicator mounted on the table.  Set zero on the indicator and zero out the Z-axis readout on the Operator Position Page. To do this, press POSIT key and PAGE UP key until POS-OPER appears in the upper left hand corner. Press the Z letter key and then the ORIGIN key.  The Z-axis position readout will change to 0.0000. 

Jog the Z-axis up, remove the master tool, and jog back down to pick-up the indicator on the face of the spindle. Jog Z-axis until the indicator reads zero. Note the value in the Z-axis readout of the Operator Position Page. Subtract the Z-axis readout from the value in Setting 116. This number is the distance from the center of rotation to the face of the spindle. 

This number will be put into the post-processor or CAM system and is used to calculate the motion.

Set-up a calibration pin in a tool holder, it can be any tool holder, but a collet would be preferred to an end mill holder. Use a pin of a known diameter, that runs true with no more than 0.0002” run out, and have a smooth, flat bottom face on it. 
Place calibration tool in the spindle and perform the same procedures as above only in reverse to determine the distance from the face of the spindle to the tip of the calibration tool.  This is the gage length of the calibration tool; you will need to enter this number when running the calibration cycle for the tool-setting probe. 

Go to the Visual Quick Code Probing System Calibration Templates. Run all three-calibration cycles, in order, left to right on the screen. 

In the first calibration cycle, enter the tool length determined in the step when measuring your calibration tool. 

Note that there is a version of Visual Quick Code Probe for Renishaw that will insist that the A and B-axis are at home before routines will run.
Machine Set-up

Basic Machine Set-up for trunnion table

Indicating the Trunnion Rotary unit must be done carefully.  

First, the table must be squared in both X and Y-axis.  This process will be the first thing to do after the trunnion is placed in position on the machine table.  To do this, you will rotate the A-axis to +90.000 degrees from horizontal.  The B-axis platter should be facing you at this point.  Using an indicator mounted on the headstock, indicate the face of the platter parallel to the X-axis.  If it isn’t, make it so by physically moving the table around, snug one of the bolts on one end of the trunnion, tapping the other end with a dead-blow hammer until you have it within 0.0003” over the range of the platter, from one end to the other.  

Once you have the table dialed into position parallel to X, you can tighten the hold down bolts.  Double check square again to be sure the table didn’t move as the bolts were tightened.

Next, indicate the B-axis platter parallel to the Y-axis.  Rotate the A-axis to the horizontal position (should be the A-axis home position) and indicate the face of the B-axis platter parallel to Y-axis.  The A-axis position needs to be adjusted to a position that shows no movement of the needle of the indicator while jogging the indicator across the face of the platter.  

With the B-axis horizontal, this will be your Work Coordinate for the A-axis it may not be the same as the machine home position for the A-axis, this should also be indicated to within 0.0003”. 

If the machine home position for A-axis is not parallel to Y, an offset can be used to make it that way or the following parameters can be changed to have this position the same as machine home for the A-axis.  

[image: image20.wmf]
Parameter 212 TOOL CHANGE OFFSET can be set to control the A-axis home.  This will be the position that the A-axis will go when a tool change is called in any mode.  Parameter Bit 3 Parameter 269 must be on for this to work correctly.  This would be one of the two preferred methods; the second is below using parameter 224.

Parameter 224 ROT AXIS ZERO OFSET can be set to control the A-axis home.  This is normally used on the EC (horizontal machines) for the home position for the A-axis.

If you are going to use parameters 212 or 224, you can use the position data from the POS-RAW DAT screen in DEBUG to set them accurately.  

Whichever way it is done, the A-axis needs to be dialed in and set to a position that the B platter is parallel to the travel of Y-axis.

Center of Rotation

Center of rotation is the point that the rotary axis centers of rotation intersect. 

It is important to know exactly where the center of rotation is because this will be used as a reference point in programming and setting up the machine. 

With the trunnion table, this is a theoretical point in space, as the centers of rotation aren’t physically connected.  The user will have to find this reference point.  

With the tilting head, it is a physical point where the A and B-axes are joined.

Checking or finding the center of rotation is done differently for each machine configuration.  For a Tilting Table the center of rotation is somewhere above the surface of the B-axis platter.  

Finding Center of Rotation for the trunnion table

X and Y Work Coordinate, and Z-axis will need to reference the centerline of A and B-axis rotation when programming, setting up the job and setting offsets, it is important to accurately know where this is. 

To find the center of rotation, you will need to find the distance from face of the platter to centerline of A-axis rotation. To do this, rotate to A+90.000 and pick-up face of platter with an edge finder (or use an indical with dial in spindle, sweeping in high spot for zero) and note the Y-axis position or zero the Y readout in the POS-OPER screen.  To do this, press POSIT key and PAGE UP key until POS-OPER appears in the upper left hand corner. Press the Z letter key and then the ORIGIN key.  The Z-axis position readout will change to 0.0000.
Jog the Z out of the way and rotate to A-90.000 and pick-up face of platter again the same way as the first face.  

The difference between the two readings, divided by two, is the centerline of A-axis rotation.  Moving to the calculated distance will bring you in to the zero point for the Y-axis Work Coordinate.  To find the center of rotation for the B-axis, you would use a coaxial indicator and sweep in the bore of the B-axis platter; this would be the offset for X-axis Work Coordinate.
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Finding center of rotation of A-axis in the Y axis

Adjusting tram of the spindle VR series

You will need a 123 block and an indicator with a magnetic base.

First, be sure that the A and B are at the machine home position.  Use zero single axis to home the A and B, it is a good idea to keep the rapid speed the same when doing this so that the repositioning will be consistent during this procedure, 25% is fine. 

Place the magnetic base of the indicator on the spindle so that it will allow the indicator to rotate as the spindle is turned by hand.  Extend the indicator so that you would be sweeping a 10” to 12” circle the bigger the circle the more accurate the reading.  Get the machine in the DEBUG mode.  Clean the table, rotate the spindle until the indicator is at 3 o’clock and place the 123-block on the table, under the indicator at the 3 o’clock position.  Jog the Z down and zero the indicator on the 123 block, rotate the spindle and indicator to the 9 o’clock, move the 123 block to the 9 o’clock position under the indicator.  If there is any difference between the 3 and 9 o’clock readings B-axis parameter 213 has to be adjusted. With your indicator still on the 123 block jog the B axis to indicator zero. Add or subtract the value from the POS-RAW-DAT B axis actual position to parameter 213. Zero return the B axis. Repeat the previous procedure until the indicator reads zero at the 3 and 9 o’clock positions. 
Use the same procedure for the A axis. Your zero point is 6 o’clock and you will check and adjust at 12 o’clock.  For the A axis, parameter 212 will need to be adjusted.  When you are finished your indicator should be zero around the circle at any position.

It is suggested to check this every few weeks, especially after a crash as the A and B can be moved out of position.  Parameters 212 and 213 are both used to set the spindle tram and the tool change position.
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Checking center of rotation for tilting head
The center of rotation for the gimbaled spindle is located inside the headstock.  The A and B are assembled with the center of rotation intersecting, this is also known as the pivot point.  

One issue that you might come across is finding or checking the pivot length.  This number should be checked to verify that the number from the factory is correct before the machine is used.  This dimension will also have to be checked when and if the spindle is ever replaced.  

To do this remove one of the cover on the side of the head to expose the center of the A-axis rotary.  This will expose the bore of the A-axis rotary; this is the center of rotation as well as the pivot point for this machine.  It may be advisable to repeat the procedure with the opposite side of the head as well, splitting the difference and using that number for the pivot length.  

To check the pivot distance using a dial indicator, there are a few steps to take.  

Check the spindle sweep to be sure that the A and B-axis are at zero and the sweep of the spindle is zero.  Jog the machine to a point to where you can find the highest point of the bore of the A-axis, zero the Z in the POS-OPER screen, and zero the indicator.  Then with the master tool in the spindle, jog the master tool to the indicator, touching the ground face of the tool to the indicator. Record this number and subtract half the size of the bore, this will be the pivot distance.  Note: you will have to have the magnetic base mounted on something that is going to allow at least 14.00” of reach above lowest Z travel to be able to measure this dimension.

A & B MUST BE AT ZERO TO PERFORM THIS PROCEDURE.

       Indicator highest point of spindle bore.
    
 Indicate bottom face of tool holder. 
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   (Ref AØ = 3.270 Ø ± .001). Verify using a bore gauge.
Setting Work Coordinate Offsets

When setting the offsets for the part, the tilting tables will be set differently from the gimbaled spindle.

The tilting tables and trunnion

The Work Coordinate for X, Y, and Z-axis are set to the center of A and B-axis rotation.  

The center of the B-axis platter is the Work Coordinate zero for X; that position that was indicated after finding the center of rotation for A-axis when installing the table on the machine.

The center of rotation of the A-axis will become the zero for the Y-axis.  

The program will reference the center of rotation for the X, Y, and Z-axis.  A-axis will be zero when it is parallel to Y, and B-axis can be set relative to the orientation of the part being cut.

For the gimbaled spindle
Setting the offsets for the part, X and Y are set according to the usual three-axis machine method; only the Z is set differently.   Note: the A and B-axis will have no Work Coordinate values. 

To set the Z, with the master tool in the spindle, jog the Z to the part where the Z-zero will be referenced by the program.  Looking at the offset page, cursor to the Z column, press the part zero set button.  Then, if your offset reads a negative number move the offset in the direction that will make the number greater by the amount of the pivot length of the machine.  For example, if your offset reads –16.1250 and your pivot length is 13.4661, then your fixture offset for the Z should end up being –29.5911 the sum of the two.  
So, for example
  
Machine position  
-16.1250

 
Pivot length          
-13.4661
G54 Z would be

-29.5911
Setting Tool Length Offsets

Tilting tables and trunnion

Tool length offsets are set to the center of rotation.  The Z values in the program should reflect the center of rotation all being positive from that point.  We have found the center of rotation and the distance of the B-platter to the center of rotation.  We can set the tools to this by using a Z-setter or gage block off the face of the B-axis platter then move the Work Coordinate the difference between the face of the 5th axis and the center of rotation of A-axis.
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VR Series

The entire tool offsets (TLO) for the VR machine should be zero.  The tools will have to be measured either off line or on the machine and each of the tool lengths input to the CAM system.  To measure the tools on the machine, use a dial indicator (or Z-setter) and with the master tool in the spindle.  Jog to the indicator.  Zero the indicator and the Z in the POS-OPER screen.  Jog out of the way, put a tool in the spindle.  Jog to the zero on the indicator, the number in the Z of the POS-OPER screen is the tool length or gage length of the tool, the actual difference between the master tool and the tool, this number will need to be input to the CAM system for each tool.  The program will reflect the full length of the tool, pivot distance and +/- the Z position of the part.
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Setting an X Y tool change position for the trunnion 

Because some work envelopes are tight, like with the VF2-TR, be sure the machine can safely change tools without driving the tool into the top of the rotary unit or the part during the tool change.  This can be done in a few different of ways. 

Program a position for the X and Y that is clear of the tool changer, by either using a location that is in your current Work Coordinate system (G54, G55 and so on) or a different work coordinate system, or use G53 with X and Y being sent to a machine position clear of the tool change area. If moving the table to the front and right will clear the tool change swing area set X and Y zero in a Work Coordinate and send the machine there before a tool change. 

There are parameters that can be set for the X and Y forcing the machine to the values in the parameters for a tool change.  The easiest way to do this is to jog the machine to a place that is going to be out of the way of the tool changer when it is at the lowest point swinging the tool.  Go into DEBUG and use the encoder position on the POS-RAW DAT display for the X and Y, and the A and B as well if required.

The following parameters when set will send the machine to your designated X, Y, A or B positions for a tool change in any automatic mode, MEM or MDI or JOG (using the next tool button).  This will eliminate the possibilities of a crash during a tool change. 

For the VF-2 TR you may have to limit the length of your tools, and for sure set a safe tool change position.  

Note that when having the machine go to a safe X and Y location, upon a commanded tool change in any mode the machine simultaneously sends the X, Y, and Z to a tool change position (A and B as well if the parameters are set), then changes tools.  When programming for this, you will have to first clear the Z to a point above the part or at its home before commanding the change as the X, Y and Z will move together and there is a possibility of colliding with the rotary or the part while the machine goes to the TC position.

For the X-axis

Parameter 266 Bit 3 ZERO AXIS TC needs to be 1.

Parameter 210 TOOL CHANGE OFFSET this will be the position that the X-axis will go when a tool change is called in any mode.  

For the Y-axis

Parameter 267 Bit 3 ZERO AXIS TC needs to be 1.

Parameter 211 TOOL CHANGE OFFSET this will be the position that the Y-axis will go when a tool change is called in any mode.  

For the A-axis

Parameter 269 Bit 3 ZERO AXIS TC needs to be 1.

Parameter 212 TOOL CHANGE OFFSET this will be the position that the A-axis will go when a tool change is called in any mode.  

For the B-axis

Parameter 270 Bit 3 ZERO AXIS TC needs to be 1.

Parameter 213 TOOL CHANGE OFFSET this will be the position that the B-axis will go when a tool change is called in any mode.  

Testing Motion with Dry Run

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. Dry run can be turned on or off when a program has completely finished or is reset to the beginning, or at a point in the program that will allow offsets to be read. The first push of the dry run button turns on this function and the second push will turn it off again. Dry run will 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 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.  Keep in mind that all of the axes move during dry run, this will include the Z; there is no Z-neglect with this feature.  

Either run without a part in position or raise the Z offset enough to clear the part entirely during the execution of dry run, as the machine will follow the program path.

Homing the axes 

The logical sequence of homing the machine for safety and collision avoidance is not to use the Power up restart button or auto all axis button.  Zero using zero single axis, one at a time unless there is absolutely no chance of a collision with parts or fixtures by the head when it is at the most extreme angle during the homing.  Only at a time when nothing is on the table, or there is no tool in the spindle.

It is recommended that the machine be homed a single axis at a time, starting with the Z, then the Y, then the X, then the A or B. By homing the machine in this sequence, you will minimize the risk of crashing the spindle or tool into part or fixture.  Also safer when there is no tool in the spindle, as an extra long tool could crash into the casting behind the spindle as the A-axis goes for the home switch with the VR-series.
Jogging the axes
All of the machines will jog normally, selecting an axis and a speed.  A special feature of the VR series machine is Vector Jogging.  This enables the operator to manually jog a tool along a vector position or any angle within the limits of A and B.  In this context, V refers to vector jogging, not to an auxiliary axis. This feature accomplishes a vector movement by controlling the motion of the X, Y, and Z-axes only.  The A and B axis are not moved. To use this feature, select the letter V from the control panel, press the handle jog button and then use the hand wheel to move along that axis.  

This feature is limited to the two slowest speeds that can be selected from the keypad either  .0001” or .001”.
Note: Parameter 278 bit 16 GIMBAL SPNDL must be set to one for the Vector Jog to work.  All axes (X, Y, Z, A, B) must have already been enabled and returned to zero. Any V-axis jogging motion will be stopped when any one of the axis X, Y, or Z reaches the end of its travel.  HOME G28 is not available during vector jog. It is available only for X, Y, Z single axis jogging.  This feature cannot be used after a power interruption until the machine has been homed.
To select jogging the A or B for either the tilting tables or the VR series, you can enter the letter of the axis you want to jog and press the handle jog button or switch between A or B by pressing the shift key then the -A/-B or +B/+A keys in the axis selection group of keys.  

The other axes are selected normally.

Troubleshooting

Some common problems associated with these types machines.

Positioning
If the offsets and tools have been set correctly having the machine to position correctly is up to the program.  The mathematics involved in generation of the program for these types of machines is complex and there is no fudge factor with this.  Shifting an offset can sometimes cause big trouble as the shift may work in one area of the part but not in another, either over or undercutting, either way, it is all up to the numbers.   

The numbers are either correct or incorrect.  If the complaint is coming from a new customer still developing a post processor, most often than not the post processor is to blame.  The simplest possible test should be used to prove a post processor; the reason for that is that if your test is too complex you will not know if what the machine is doing is right or wrong, a simple positioning program is best.  

Simple positioning moves that position to a location with the head straight, then along a vector.  Once the post is able to drive the machine to a known point that you can actually confirm, then go with motion that is more complex.

Pivot length measurement
There was an instance recently where a customer chased a positioning problem that was not related to the setup or programming of the machine.  The pivot length was measured and recorded incorrectly at the factory when the machine was being inspected or the headstock assembled.  The program was correct, the setup was correct, however the wrong pivot length was being used in the CAM to post the program.  When this occurs, the path will be correct for the numbers being used but not correct when it comes to the dimensional accuracy of the part.

Feed rates

Most common issues with feed rates are the G93 moves without feed rates on every block, the machine will alarm 320 if this is the case.  Other feed related problems are to fast or too slow.  Some CAM systems use the tool tip and some use the pivot point to calculate the feed rates, tool tip is where the numbers should be calculated from, as that is where the cutting is going on.  If the CAM is using the pivot point, there will be some error in the feed rate at the tool tip. The post conversion for G94 to G93 must be correct or the inverse feed rates will not be correct.  The switch point for going from inch per minute to inverse time is important as well, any time the tool is in a cut with G01 with either an A or B-axis called the machine should be in G93 mode.

Jerky motion

Step size may too large; a tight tolerance in the CAM system should be used when programming multi-axis tool paths, this will give the machine the most accurate description of the part and allow for a path the will be more accurate and a part that is as well.   

Check to be sure that the brakes are being turned off and on at the correct time during the program.  The brakes should be turned off prior to the G93 call and back on after G94 or when the tool is done with the cut.  The machine should then be switched back to G94 when 5-axis simultaneous motion is done.  The in position limit parameters for the A and B can also have an effect on the machine motion.  Parameters 104 and 165 should be checked.

Finish Issues
Scalloped surfaces on Swarf or multi-axis paths are usually caused by a loose tolerance in the CAM system.  Tightening the tolerance will better describe the part to the machine resulting in a smoother more blended surface.  The in position limit parameters for the A and B can also have an effect on the finish of the part.  Parameters 104 and 165 should be checked.  The in position limits will allow the machine to advance before the rotary axes reach the endpoint by the amount of encoder counts specified in the two parameters.  Opening up the in position limits will allow a smoother transition of motion from block to block during simultaneous motion.

Clearance Issues
There are instances where there are possibilities of collision with either the part and the machine or the tool and the machine or part.  

Trunnion and tilting tables can have issues with larger parts, you need to be sure that the part will rotate between the ears of the trunnion and the forth axis table on tilting tables.  Also, when the A-axis is tilted to past +/- 80 degrees and the B-axis is rotating there may be a chance of collision.

VR series machines will have issues when the A or B-axis is tilted to an extreme angle as the casting supporting the head can impact the part.  In this case, longer tools may be required to avoid collision with the part or fixture.

5-Axis Control

Calculating Rotary and Linear Speeds:
Pi*D/360 = Inches per degree

D= Diameter (Distance from rotation centerline to tool tip, multiplied by 2)

Pi*D = Circumference

3.14*4/360.00 = 0.035”/deg.

IPM/Inches per degree = degree per min.

75/0.035 = 2143 degrees per min.

Maximum speed on the TR series is up to 1900.00 deg/min 31.00 deg/sec 

Maximum speed on the VR series is up to 4800.00 deg/min 80.00 deg/sec

Rotary axis brakes

Brakes are automatically released by the control when A or B axes are commanded to move.  The brakes will need to be commanded off when the machine is programmed to do multi-axis motion simultaneous motion either alone or with the linear axes using the M-codes.  After the cut involving, simultaneous multi-axis motion is done the brakes should be locked, turn them off when not needed and turn them back on when done just as is done with other G-code switches.  

If the M-codes are not used, the brakes will be clamped and unclamped automatically.  However, if there is no motion commanded for either of the rotary axes during a multi-axis path the machine will stop and unclamp when that locked axis is commanded to move again.  This will result in a dwell that will cause machine motion to stop or pause while the machine waits for the clamp or unclamp to happen.  

There will be a witness mark on the part at the point of the dwell as the dwell or pause will be about ¼ second while the machine waits for the brake to finish.  This will also result in something that looks like jerky motion, really it isn’t but it is the reason the brakes need to be turned on and off as required, easiest point is at the feed mode switch, if this has to be done manually at the G93 the brakes can go off until the next G94.

Machine and Post Information

Machine Specs

Mill Type:



5-axis Vertical Mill

Number of Simultaneous axes:
five

Axes configuration:


X, Y, Z, A, B

Gimbaled Spindle VR-series

Tilting head

Trunnion Type VFTR


Tilting rotary table

Model number:


VF-2TR, VF-5TR, VF-6TR, VR-8, VR-9, and VR-11

Axis Travel Limits:




VF-2TR



X   30.00”, Y 16.00”, Z 20.00”, A +/- 120(, B +/- 360(
VF-5TR



X   38.00”, Y 26.00”, Z 25.00”, A +/- 120(, B +/- 360(
VF-6TR



X   64.00”, Y 32.00”, Z 30.00”, A +/- 120(, B +/- 360(
VR-8:




X   64.00”, Y 40.00”, Z 30.00”, A +/- 32(, B +/- 32(
VR-9:




X   84.00”, Y 40.00”, Z 30.00”, A +/- 32(, B +/- 32(
VR-11:



X  120.00”, Y 40.00”, Z 30.00”, A +/- 32(, B +/- 32(
Control Specs

Software revision level / date:

V15.02 / 07-29-06

Programmed unit:


inch/mm

Data Transmission:


DNC, FNC, USB, USB Floppy, USB Hard Drive, Hard Drive

Data Port:



RS-232

Program Format:


G and M code

Circular Interpolation code:
I, J, K or R.  When I, J and K are used to specify arc center, R cannot be used.  2D mode only, not supported during 5-axis motion.

Program structure:


%

Beginning of file

Program Identifier:


O12345

O followed by 5 digits 0-9 in block alone






N1

Line number to 99999999 (8 places)






% 

End of file

Special Programming Notes

3D+ cutter comp:


G141 

(Gimbaled Spindle VR-series)

5-axes tool length compensation:
G143 

(Gimbaled Spindle VR-series)

Optional thru-spindle coolant:

M88 TSC on, M89 TSC off.

Flood Coolant:



M08 Flood on, M09 Flood off

Inverse time feed mode:
G93 a feed rate is required for each motion block.

Inches per minute feed:


G94

General notes

Rotary axis orientation, A-axis is mounted on B-axis 
(Gimbaled Spindle VR-series).

Rotary axis orientation, A-axis tilting B-axis rotary 
(Trunnion and Tilting tables)

Pivot length distance from center of rotation to face master tool (Gimbaled Spindle VR-series).

Pivot length machine to machine will vary no more than +/-0.0100”

X-axis motor is 7.5 HP. VR Series only

Y-axis motor is 5.0 HP. VR Series only

Z-axis motor is 5.0 HP. VR Series only

A-axis maximum torque is 450 ft-lbs VR Series.  

B-axis maximum torque is 600 ft-lbs VR Series.

A-axis maximum torque is 150 ft-lbs TR160 Series.  

B-axis maximum torque is 100 ft-lbs TR160 Series.

A-axis maximum torque is 300 ft-lbs TR210 Series.  

B-axis maximum torque is 210 ft-lbs TR210 Series.

A-axis maximum torque is 300 ft-lbs TR310 Series.  

B-axis maximum torque is 300 ft-lbs TR310 Series.

B-axis platter center bore VF-2TR 1.500” 4.790” Deep

B-axis platter center bore VF-5TR 2.000” 5.100” Deep

B-axis platter center bore VF-6TR 3.250” Through

Maximum Part Swing VF-2TR 17.5" 

(reduced at tilt angles over +/- 80°)

Maximum Part Swing VF-5TR 23.5" 

(reduced at tilt angles over +/- 80°)

Maximum Part Swing VF-6TR 31.0" 

(reduced at tilt angles over +/- 80°) 

Spindle nose to table 4.00 to 34.00 inches.

Standard spindle speed is 7500 standard optional spindles are 10,000 and 15,000 RPM (VR-series).

Standard spindle rating is 35 HP peak at 7000 RPM (Gimbaled Spindle VR-series).

Tool changer capacity 32 tools (Gimbaled Spindle VR-series).

Maximum tool diameter, pocket to pocket, is 3.500 inches.

G93 inverse time feed mode.  Maximum feed is F45000.0000

G94 inch per minute feed mode. 

Maximum feed rate is 650.00 IPM. VF-2TR

Maximum feed rate is 500.00 IPM. VF-5TR

Maximum feed rate is 500.00 IPM. VF-6TR

Maximum feed rate is 360.00 IPM. VR Series

Cutter compensation use of G41, G42 is not supported in the 5-axis mode.

G141 cutter compensation is supported for 5-axis.  Requires X, Y, Z, I, J, and K be output and only supported in G90.  G40 cancels G141.

G143 is 5-axis tool length compensation requires G143 and H-code and only supported in G90. Command is modal.  (Gimbaled Spindle VR-series)
Motion codes allowed in G143 are G01 and G00.  G49 or H00 (H00 is not picked up by setting 15) cancels tool length offset in G143. Machine will alarm with Alarm 474 if G02 or G03 programmed with A or B-axis off zero or helical motion in G143. 

Using a tight synchronization of cut across resolution of geometry in the CAM system will allow smooth flowing contours, and a more accurate part. 

Positioning the machine to an approach vector should only be done in G01. 

Post needs to precede G93 with M11 and M13 just before the simultaneously motion begins this will unlock the brakes to A and B-axes.

Post needs to precede G94 with M10 and M12 to lock the A/B.  

A/B brakes must be engaged when doing any non 5-axis motion.
G141 3D Cutter Compensation

This feature performs 3D cutter diameter compensation. The program is going to look like this:

G141 Xnnn Ynnn Znnn Dnnn Innn Jnnn Knnn

Subsequent lines can be of the form:

G01 Fnnn Xnnn Ynnn Znnn Innn Jnnn Knnn

or:

G00 Xnnn Ynnn Znnn Innn Jnnn Knnn

The 3D +/- G141 cutter compensation is not just for 5-axes work. 

Some CAM systems are able to output the X, Y, and Z with values for I, J, K. The I, J, and K values tell the control the direction in which to apply the compensation at the machine.

The I, J, and K specify the normal direction relative to the center of the tool to the contact point of the tool in the CAM system.

The I, J, and K vectors are required by the control to be able to shift the tool path in the correct direction.

The value of the compensation can be in a positive or negative direction. 

The offset amount entered in radius or diameter (Setting 40) for the tool will compensate the path by this amount even if the tool motions are 2 or 3 axes.

Only G00 and G01 can use G141.

D-code selects which offset to use. 

G93 feed command is required on each block.

With a unit vector, the sum of I☻ J☻ K☻ must equal 1. (**☻-squared**)

Only the end-point of the commanded block is compensated in the direction of I, J, and K.  For this reason this compensation is recommended only for surface tool paths having a tight tolerance (small motion between blocks of code).  

For best results programming from tool center using a ball nose end mill.

For example:

T1 M06

G00 G90 G54 X0 Y0 Z0 A0 B0

G141 D01 X0.Y0. Z0. (RAPID POSIT WITH 5-AX C-COMP)

M11

M13

G01 G93 X.01 Y.01 Z.01 I.1 J.2 K.9747 F3250. (FEED INV TIME)

X.02 Y.03 Z.04 I.15 J.25 K.9566 F3400.

X.02 Y.055 Z.064 I.2 J.3 K.9327 F3227.

X2.345 Y.1234 Z-1.234 I.25 J.35 K.9028 F1580. (LAST MOTION)

G94 F50. (CANCEL G93)

M10

M12

G0 G90 G40 Z0 (RAPID TO ZERO, CANCEL 3 AXIS C COMP)

X0 Y0

M30

Note: G141 is a group 7 G code, G40 cancels G141, G91 is not compatible with G141, and G141 uses a D code same way that the G41 and G42 does.

G143 5-Axes Tool Length Compensation 
(Gimbaled Spindle VR-series)
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. 

An H-code is required to select the tool length offset from the length compensation tables. G143 will be cancelled by selecting G49 or H00 (H00 is not picked up by setting 15). If only normal (Z axes) cutter length compensation is desired, program G43 or G44. 

For G143 to work correctly, there must be two rotary axes, A and B. G90 must be active for absolute positioning mode. 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, 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 programmed 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. Inverse feed (G93) is 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 any axes is exceeded. 

An example follows:

T1 M06

G00 G90 G54 X0 Y0 Z0 A0 B0

G143 H01 X0. Y0. Z0. A-20. B-20. (RAPID POSIT W/5AX COMP)

M11

M13

G01 G93 X.01 Y.01 Z.01 A-19.9 B-19.9 F300. (FEED INV TIME)

X0.02 Y0.03 Z0.04 A-19.7 B-19.7 F300.

X0.02 Y0.055 Z0.064 A-19.5 B-19.6 F300

X2.345 Y.1234 Z-1.234 A-4.127 B-12.32 F200. (LAST MOTION)

G94 F50. (CANCEL G93)

M10

M12

G0 G90 G49 Z0 (RAPID TO ZERO, CANCEL 5 AXIS COMP)

X0 Y0

M30

Setting 116 Pivot Length (Gimbaled Spindle VR-series)
This is a user reference setting intended to record the pivot length of the machine and has no effect on the machine.  This setting can only be changed while the machine is in DEBUG, when reloading settings via external device the setting cannot be changed unless the machine is in DEBUG.  There will be a CRC error and the setting will not be updated.

Setting 117   G143 Global Offset (Gimbaled Spindle VR-series)

This setting is provided for customers who have more than one VR-Series mills and want to transfer the programs and tools from one to another without having to repost the program for the second machine. 

The user can enter the pivot length difference into this setting.  Using G143, 5-axis tool length compensation will check this setting for a value and compensate the tool path accordingly.

Programming

Curve 5-axis - Curve 5-axis tool paths cut 3D curves and surface edges with more flexibility for tool positioning than a contour tool path. Curve 5-axis tool paths can use ball, bull, flat, and tapered tools.

Drill 5-axis - Drill 5-axis tool paths allow individual tool axis control for each drill position in the operation. A regular drill tool path has the same tool axis for all drill positions.

Swarf 5-axis - Swarf 5-axis tool paths cut along a part’s walls using the side of a tool. This tool path type is often used in the aerospace industry. Swarf 5-axis tool paths can use bull, ball, and flat tools. Tapered tools can be used on Swarf tool paths when using surfaces for the floor in the tip control section of the Swarf 5-axis geometry selection dialog box.

Multi-surf 5-axis – Multi-surface 5-axis tool paths are used to generate tool motion over a series of surfaces or solids. The parameters for multi-surface 5-axis tool paths provide a set of tools that help you take advantage of the full range of motion available to you on a multi-axis machine tool. Multi-surface 5-axis tool paths can use ball, bull, flat, and tapered tools.

Flow 5-axis - Flow 5-axis allow either precise control of the scallops left on the part or constant distance stepovers, creating an exact, smooth finish. The 5-axis output provides 2 degrees of freedom for the tool vectors in any direction. You can use flow 5-axis tool paths on a row of adjacent drive surfaces or on a single surface. Flow 5-axis tool paths can use ball, bull, flat, or tapered tools.

Rotary 4-axis - Rotary 4-axis tool paths work best on nearly cylindrical parts. Like other 4-axis tool paths, the tool is kept in a plane that is perpendicular to the rotary axis. You can select the X, Y, or Z-axis about which the rotary axis rotates. For example, to set the rotary axis A to rotate about X, choose the X-axis in the dialog box. In this example, all vectors would be limited to the YZ plane. Rotary 4-axis tool paths use only ball tools. 

Tool Axis Control

Tool axis control is available for 4-axis and 5-axis output for multi-axis tool paths. These options determine the vectors of the tool axis along the tool path. Not all options are available for all multi-axis tool paths. 

Lines - sets the tool axis parallel to the selected lines along the tool path. 

Surface - sets the tool axis direction normal to the selected surface.

Pattern surface - uses the normal of the selected cut pattern surface as the tool axis vector.

Plane - keeps the tool axis normal to a selected plane. 

From Point - contains the tool axis vector from a selected point. The tool moves appear as if the tool was originating at the point. Click here to see an example of a curve 5-axis tool path with 5-axis output, with 3D curves selected as geometry for the tool path, with tip control on a selected curve, and tool axis control set to From Point.

To Point - contains the tool axis vector to a selected point. The tool moves appear as if the tool was pointed towards the point.  Click here to see an example of a curve 5-axis tool path with 5-axis output, with 3D curves selected as geometry for the tool path, with tip control on a selected curve, and tool axis control set To Point.

Chains - aligns the tool axis through a line, arc, spline, or chained geometry. In curve 5-axis, choose the Chain button to display the Chain Manager and right-click to chain the geometry. In multi-surface 5-axis, choose the Chain button to display the chaining methods menu, and then select chain options. 

Boundary - aligns the tool axis within or on a closed boundary, such as a rectangle, arc, or other chain of curves where the start and end points are the same. If the cut pattern surface normal is within the boundary, the tool axis stays aligned with the cut pattern surface normal. 

Gimbaled Spindle VR-series tool length and programming in Mastercam.

In Mastercam, there is a provision to allow the G-code to be compensating for the tool gage length and the pivot distance of the machine. The total tool and pivot distance can be entered in the overall length of the tool in the tool parameter window as shown below. 
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General Machine Maintenance

General Maintenance VFRT and VR-series

Grease all pivot points on the tool changer assembly monthly.

Check the oil in the three areas of the head see below. 

The A-axis covers need to be removed to access the filler cap and the sight glass. 

The B-axis filler is on the outside of the casting. 

Add Mobil SHC-630 to the fill port at the top of the casting.

Replace the oil in the three areas of the head yearly see below

A-Axis:  For the areas on either side of the spindle head, remove the drain plugs and drain the oil. 

NOTE: Remove the plug closest to the front on the left side of the head, and the plug towards the rear of the right side of the head. 

Allow enough time for all of the oil to drain. Fill the two areas with Mobil SHC-630 as described in the monthly section below.

B-Axis: For the area at the rear of the spindle head, remove the 1/4" NPT plug with an Allen wrench and drain the oil. 

NOTE: The plug is near the center of this rear area. Allow enough time for all of the oil to drain. Fill with Mobil SHC-630 as described in the monthly section below.
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TSC Service:

The TSC pump is a precision gear pump and will wear out faster and lose pressure if abrasive particles are present in the coolant.

Check the dirt indicator on the 100-micron mesh filter with the TSC system running and no tool in the spindle. Change the element when the indicator reaches the red zone.

Clean the pump intake filter when indicator is in the 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.  Coolant will be used more quickly when the TSC system is in use. Make sure to keep the coolant level up and to check the level more frequently.  Also, clean the gate filter located in the coolant tank regularly. 

Note: Premature wear of the pump can result from running with a low coolant level in the tank. The spindle will shut off automatically if the coolant level gets too low.

          

Air filter cleaning:

The VR-11 is equipped with an aluminum mesh air filter (P/N 59-9088) for the motor housing.  The recommended service interval is monthly, or sooner as dictated by your machining environment.  Remove the filter, wash with soapy water and rinse, and replace.

Caution:  Power down or E-stop the machine before performing any maintenance tasks on the machine in the area of the headstock.  The air filter is located on the rear of the Head Cover see below. To remove the air filter, simply pull up on the filter; the filter will slide upward out of its bracket. To replace the filter, slide in the new air filter, oriented properly to filter air into the motor housing. Correct filter airflow direction is determined by a sticker on the replacement filter be sure to install the replacement filter in the correct orientation.
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Lube System:

All machine lubrication is supplied by the external lubrication system. 

The reservoir is located on the lower rear of the machine (see figure below). 

Current lube level is visible in the reservoir. If additional lube needs to be added, remove the cap from the fill port and add lube to the proper level.
To lubricate the system, pull up on the primer pull-tab located next to the fill port. The primer will automatically send 3 cc of lube through the system.
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Spindle Air Pressure:

Standard Spindle:

Verify Spindle air pressure using the gauge located behind the Air Regulator panel. VF machines should show 17 psi. Adjust if necessary.

15K Spindle:

The air pressure for the 15K Spindle is 20 psi. The 15K Spindle requires higher pressure to slightly reduce the amount of oil and speed the delivery of the oil to the bearings.
Maintenance Check List:

Daily:

Check coolant level each eight-hour shift (especially during heavy TSC usage).

Check the way lube lubrication tank level.

Clean the chips from way covers and bottom pan.

Clean the chips from tool changer.

Wipe spindle taper with a clean cloth rag and apply light oil.

Weekly:

Check through the Spindle Coolant (TSC) filters. Clean or replace element if needed.

Check for proper operation of auto drain on filter regulator.

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.

Check air gauge/regulator for 85 psi. Check the spindle air pressure regulator for 17 psi. For 15K-spindle machines, check spindle air pressure regulator for 20 psi.

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.

Clean the exterior surfaces with mild cleaner. Do not Use Solvents.

Check the hydraulic counterbalance pressure according to the machine specifications.

Monthly:

Inspect way covers for proper operation and lubricate with light oil, if necessary.

Six Months:

Replace coolant and thoroughly clean the coolant tank.

Check all hoses and lubrication lines for cracking.

Annually:

Check oil filter and clean out residue at bottom of filter.

VR-11 Air spring counterbalance replacement:

1. Verify that the Axis is at 0 degrees before beginning. Press E-stop before doing any disassembly.

2. Remove sheet metal cover and loosen the two 3/8-16 SHCS shown (1).

3. Back out the 1/4-20 SHCS (2), physically push the mounting block up to relieve tension on the air spring.

4. Remove 3/8-16 SHCS that mount air spring and Rod Ends (3).
5. Tighten the rod ends onto the Air Spring and secure the Air Spring using the two 3/8-16 SHCS removed in step 4 grease bolts prior to installation.

6. Slightly loosen the 3/8-16 SHCS (1). Screw in the 1/4-20 SHCS to force Preload Cam Counterbalance down (This will push the Air Spring inward). Tighten this adjusting bolt until the slots in the cam have contacted the tops of the mounting bolts.  Tightening the two 3/8-16 SHCS (1) (These will hold the preload cam in place).

7. Replace the sheet metal, reset the E-stop and clear the alarms.
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Replace Counterbalance Air Spring and Rod Ends every two years.

Adjusting tram of the spindle VR series

You will need a 123 block and an indicator with a magnetic base.

First, be sure that the A and B are at the machine home position.  Use zero single axis to home the A and B, it is a good idea to keep the rapid speed the same when doing this so that the repositioning will be consistent during this procedure, 25% is fine. 

Place the magnetic base of the indicator on the spindle so that it will allow the indicator to rotate as the spindle is turned by hand.  Extend the indicator so that you would be sweeping a 10” to 12” circle the bigger the circle the more accurate the reading.  Get the machine in the DEBUG mode.  Clean the table, rotate the spindle until the indicator is at 3 o’clock and place the 123-block on the table, under the indicator at the 3 o’clock position.  Jog the Z down and zero the indicator on the 123 block, rotate the spindle and indicator to the 9 o’clock, move the 123 block to the 9 o’clock position under the indicator.  If there is any difference between the 3 and 9 o’clock readings B-axis parameter 213 has to be adjusted. With your indicator still on the 123 block jog the B axis to indicator zero. Add or subtract the value from the POS-RAW-DAT B axis actual position to parameter 213. Zero return the B axis. Repeat the previous procedure until the indicator reads zero at the 3 and 9 o’clock positions. 
Use the same procedure for the A axis. Your zero point is 6 o’clock and you will check and adjust at 12 o’clock.  For the A axis, parameter 212 will need to be adjusted.  When you are finished, your indicator should be zero around the circle at any position.

It is suggested to check this every few weeks, especially after a crash as the A and B can be moved out of position.  Parameters 212 and 213 are both used to set the spindle tram and the tool change position.
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Spindle to B-Axis Alignment check

Verify spindle sweep prior to alignment, insert inspection ball tool into spindle, and verify that ball runs true in spindle. Place 0.0005” test indicator on ball, normal to Z-axis, rotate tool holder, there should be no more that 0.0003” run out on the ball.

Rotate B-Axis to +32.00 degrees and place the indicator under test ball, zero test indicator when the lowest point is found. (D1)  Move the indicator away from the spindle so that you are clear of the spindle head when you rotate B-Axis to the opposite end of travel.

Rotate B-Axis to –32.00 degrees and pick-up the lowest point on the test ball once again. (D2)

If D1 is greater than D2, move the spindle head to the right. Half that total distance, maximum difference is 0.001”.  If there is more than the allowed amount, the A-axis assembly will need to be shifted until the reading is within tolerance.
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A-Axis parallelism alignment check

A-Axis parallelism to Y-Axis within 0.002, measured at swing radius of about 15.00” using the full A-axis travel of +/-32.00 Degrees.
Place ball inspection tool into spindle, set the A-Axis to 32.00 degrees and move the Y-Axis so that the table is directly under the spindle

Using a 0.0005” test indicator, set-up indicator to read zero on the highest point on the side of the test ball, (figure 1)

Move the A-Axis to –32.00 degrees and the Y-Axis so that the indicator picks up the highest point on the side of the ball (figure 2).

[image: image16.png]Figwe 2




B-Axis parallelism alignment check

B-Axis parallelism to X-Axis within 0.002” measured at a swing radius of about 15.00” using the full B-Axis travel of +/-32.00 degrees.
Place ball inspection tool into spindle set the B-Axis to 32.00 degrees and move the X-Axis so that the table is directly under the spindle.

Using a 0.0005” test indicator, set-up indicator to read zero on the highest point on the side of the test ball (figure 3)

Move the A-Axis to –32.00 degrees and the X-Axis so that the indicator picks up the highest point on the side of the ball (figure 4).

Adjust the column until the value is less than 0.002”
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Trunnion and Tilting Tables

Rotary tables require very little in the line of routine servicing. However, It is very important to perform these services to ensure reliability and long operating life.
Inspection of the table

There are points of inspection that should be performed when with positional accuracy has become an issue. There are four points of interest when inspecting the table: the platter face and I.D. run out, backlash and popout.

Platter Face Run out

To check the platter run out, mount an indicator to the body of the table. Position the stylus on the face of the platter and index the table 360 degrees. The run out should be 0.0005" or less.

Platter I.D. Run out

To check the platter I.D. run out, mount the indicator to the body of the table. Position the stylus on the through-hole in the platter and index the table 360 degrees; the run out should be 0.0005" or less.

Backlash between Worm and Gear

To check the backlash between the worm and gear, the air supply must first be disconnected. Place a magnet on the face of the platter at a radius of 4". Mount an indicator on the body of the table and position the stylus on the magnet. Use an aluminum bar to rock the platter back and forth (apply approximately 10 ft-lb while testing). Backlash should be between 0.0001" and 0.0006".

Popout

To check popout, first disconnect the air supply from the unit. Then, index the table 360 degrees. Mount an indicator to the body of the table. Position the stylus on the face of the platter and zero the dial. Connect the air supply and read the popout from the indicator dial. Popout should be between 0.0001" and 0.0005".  

Lubrication
The table is lubricated with MOBIL SHC 630. The oil level must not drop below the sight glass level. If the level is low, fill the table through the pipe plug in the middle-top of the body. Fill to the top of the sight glass. 

Do not over fill.

If the oil is dirty or contaminated, drain and refill with fresh oil (Mobil SHC-630) regardless of the condition of the oil, it is recommended that the oil be changed or replaced every two years
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WARNING!


DO NOT ADD LUBE ABOVE THE “HIGH” LINE MARKED ON THE RESERVOIR.


DO NOT ALLOW THE LUBE LEVEL TO GO BELOW THE “LOW” LINE MARKED ON THE RESERVOIR AS MACHINE DAMAGE COULD RESULT.
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The entire length of tool length and pivot length is entered in this box so that Mastercam can calculate the motion for the tool path.
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