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FOREWORD 

The purpose of this manual is lo provide the necessary information to enable 
suitably experienced personnel, to program the tool probing features and 
spindle probing features supplied with Vickers 2100E controls. 

The manual has not been prepared to enable inexperienced personnel to 
operate and program the machine without further trajning. 

Information contained in this manual is not warranted and is subject to 
change without notice. 

The owner/user is responsible for the training of inexperienced personnel 
and for providing the background necessary for expetienced personnel to 
safely operate and program these machines. 

The chapter on general safety precautions should be observed at all times 
duri11g machine operation and maintenance. Read this chapter before 
rearung the remaining chapters in this manual and operating the machine. 

Space is reserved at the rear of this manual for current and future addenda 
and supplements that pertain to the machine and/or control. In an effort to 
maintain the manuals as current as possible when new features are added 
to the system, addenda and supplement will be added to this chapter. 
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Chapter 2 
Spindle Probe 

Spindle Probe Cycle Overview 

Spindle Probe cycles provide the capability to measure one or more work 
piece coordinates. Each cycle can be created by using Resident Assistant 
Programming (RAP), Manual Data Input (MDI), or created off line and 
placed within the part program itself. Information generated by these cycles 
may be used to setup offsets or to control NC program operation. 

What G Codes Create Spindle Probe Cycles 

Spindle probe G codes are divided into two groups, Calibration Cycles and 
Measurements Cycle. 

Calibration Cycles 

Before work piece coordinates can be measured, the spindle probe must be 
calibrated. The following G codes are used for calibration cycles: 

G72 Calibrates the amount of stylus offset from the spindle centerline. 
G73 Calibrate more than one probe stylus offset. 
G74 Calibrates probe length. 

Measurement Cycles 

Spindle probe measurement cycles are as follows: 

G51 Is used to vector probe a surface. 
G51.1 Is used to vector probe a surface and set offsets. 
G51.2 Measures line slop between two points for rotary axis. 
GSl.3 Is used to measure the difference between two points in the X, 
Y plane. 
GSl.4 Locates multiple parts in the XY axis plane. 
GSl.5 Locates multiple parts in the Z axis plane using other surface 
measurement data. 
G75 Locates X, Y, and Z dimensions of an inside corner. 
G76 Locates X, Y, and Z dimensions of an outside corner. 
G77 Locates the surface of a part. 
G77.1 Is used to measure maximum and minimum stock amounts. 
G78 Probe to locate and measure a bore. 
G78 Probe to locate and measure a bore with an obstruction. 
G78 Probe to locate and measure a boss. 
G79 Probe to measure a web. 
G 79 Probe to measure a pocket. 
G79 Probe to measure a pocket with an obstruction. 
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CAUTION 

When the probe is disarmed, 
there is no protection against 
accidental contact with the 
part or other obstructions. 
Failure to follow this instruc
tion can result in damage to 
the workpiece, probe, tool
ing, or machine. 
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Probe Related M-codes 

M58 Disarm Spindle Probe 

M58 causes the control to ignore probe contact signals from the probe in the 
spindle. This function may be used when the probe is positioned at high 
speed to avoid false trigger alarms caused by high acceleration. 

M59 Arm Spindle Probe 

M59 code arms the surface sensing probe in the spindle. The probe is armed 
following a tool change or by executing any of the probe cycles. When the 
probe is armed, the control is sensitive to any probe contact. 

Surface Probe Measurement Overview 

To gain an understanding of how surface probe data interacts with the 
control, we strongly recommend you read the overview material presented 
here before proceeding to an individual cycle. 

The surface measurement cycles listed on the previous page perform 
automatic measurement of common workpiece features. These cycles 
record their measurements in a common set of system registers for use by 
subsequent NC program statements. Typical uses of probe surface 
measurements and general information include: 

• 

• 

• 

• 

• 

• 

• 

Determine whether there is sufficient stock to machine the part 

Determination of the location of a feature to compensate the NC 
program for part to part variation 

Computation of various program or tool offsets to correct for measured 
machining results 

Location of the part or a portion of the part 

Be sure the spindle probe is properly calibrated . 

Be sure all Tool Data Table information is entered before performing 
calibrations. 

Only the most recent spindle probe calibration values are retained by 
the control. 

• Probe Part Location values are retained in System register 
[PRB_PART_LOC] X, Y, Z. 

• 

• 

• 

Cycle Parameter Probe Gage Height PROBE_ GH determines clear
ance or back off distance after a probe hit. 

Cycle Parameter Probe Approach PRB_APPR_FRT specifies probe 
approach feed rate for first probe hit. 

Cycle Parameter Probe Measurement Feed rate PRB_MEAS_FRT 
specifies probe approach feed rate for second measurement move. 

Spindle Probe Operations can be generated in Manual Data Input 
(MDI), by using Resident Assistant Programmer (RAP), from 
Multiple Setup, or NC program. 

Cincinnati Milacron 6-SP-98075-1 



System Register Name 

[$PRE POS PC) X, Y, Z 

[$PRB POS_MC) X, Y, Z 

[$PROBE HIT] 

Cincinnati Milacron 6-SP-98075-1 

• 

• 

• 

• 

Be sure that the probe stylus runs concentric with the spindle . 

Surface measurement cycles can also adjust the diameter and length 
offsets for the tool used to machine a surface. To do this, it is necessary 
to record the tool number of the tool that was used to machine the 
feature to be measured, since the active tool at the time of the 
measurement will be the probe. The T word on the surface 
measurement cycles is used to pass this information to the probe cycle. 
The Two rd used for probe cycles is different from the Two rd normally 
used for tool changes. 

An additional correction can be applied to tool offset updates based on 
feature size measurements. The L word on a surface measurement 
probe cycle specifies an amount to be added to the measured size 
before computing the system register [SIZE_ERROR] value. 
Clamping forces can sometimes affect the measured size values 
obtained by the probe cycles. The L word provides an adjustment to 
relate the measurements on the machine tool to a traceable such as a 
coordinate measurement machine. 

The L word can also be used in some cases to compensate for thermal 
compensations. One method for doing this is to measure some known 
artifact located in the machine envelop and subject to the same coolant 
and other environmental factors as the workpiece. The difference 
between the known size of the artifact and the measured size can be 
used to calibrate the other measurements. The L word provides the 
means to apply the calibration amount to the tool offset corrections. 

The surface measurement cycles have a default overtravel distance that 
varies for the type of cycle. The overtravel distance is the amount of 
motion beyond the expected (programmed) surface position that is 
allowed before the cycle stops with a no hit error condition. The 
default amount of overtravel may not always be suitable. The D word 
can be programmed on any probe cycle to specify the overtravel 
distance for that cycle, overriding the default. 

What Data Interacts With Spindle Probe Measurements 

The spindle probe is used to locate part coordinates on the machining 
surface. After this data is acquired, knowing where it resides, and how it 
can be used must be understood. Basically, the control interacts with spindle 
probe data, the Tool Data Table, Programmable Tool Offsets, Program
mable Coordinate Offsets, Cycle Parameter Table, and System Registers. 
A brief description of each is listed below: 

G51 Probe Multiple Axes 

When multiple axes are used to locate a part, System Registers store the 
latest axis data. 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe hit Probe hit set 1, no probe hit 0 
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System Register Name 

[$PRB_pos_pq X, Y, z 

[$PRB_p0S_MC) X, Y, Z 

[$PROBE HIT] 

[$PRB_PART_LOC] X, Y, Z 

[$X_POS_ERROR] 

($Y _POS_ERROR] 

[$Z_POS_ERROR] 

[$TRUE_POS_ERR] 

[$S!ZE_ERROR] 

[$0UT_OF_TOL] 

[$TOL_EXCEEDED) 

System Register Name 

[$PRB_POS_PC] Z 

[$PRB_POS_MC] Z 

[$PROBE HIT] 

[$PRB_A_ANGLE] 

[$PRB_B_ANGLE] 

[$ANGLE_ERROR] 
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G51 .1 Vector Probe a Surface and Set Offsets 

When vector probing a surface the following Svstem Registers store data. 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe bit Probe hit set 1, no probe hit 0 

Probe Part Location 

X axis Position Error Probe difference between I word and mea-
sured position 

Y axis Position Error Probe difference between J word and mea-
sured position 

Z axis Position Error Probe difference between K word and mea-
sured position 

True Position Error True position vector error value of X, Y, and 
Z axis 

Size Error Size error value is the true position value 
plus the L word 

Out Of Tolerance If the measured [SIZE_ERROR] exceeds the 
V word value [OUT_ OF_ TOL] is set true, 
non- zero 

Tolerance Exceeded If the measured [SIZE_ ERROR] exceeds the 
U word value [TOL_EXCEEDED) is set 
true, non-zero 

G51.2 Rotary Axis Measurement 

When vector probing a rotary axis surface the following System Registers 
store data. 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe hit Probe hit set 1, no probe hit 0 

Probe A axis Angle Angle between two measured points in the Y 
axis plane, R word specifies rotary A axis 

Probe B axis Angle Angle between two measured points in the X 
axis plane, P word specifies rotary B axis 

Angle Error If [PRB _A_ ANGLE] or [PRB _ B _ ANGLE] 
B word tolerance is exceeded [ANGLE_ ER-
ROR] is set true 
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System Register Name 

[$PRB POS PC] X, Y 

[$PRB POS MC] X, Y 

[$PROBE HIT] 

[$PRB _ANGLE] 

[$ANGLE_ERROR] 

System Register Name 

[$PRB _PART_ LOC] 

[$PRB_PART_LOC(X)] 

[$PRB_PART_LOC(Y)] 

[$X_POS_ERR] 

[$Y_POS_ERR] 

[$TRUE_POS _ ERRJ 

[$PRB_ANGL_ERR) 

[$S!ZE_ERROR] 

[$OUT_ OF_ TOL] 

[$TOL_EXCEEDED] 

[$ANGLE_ERROR] 
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G51.3 Angle Measurement in X or Y Plane 

Angled M easurement of X or Y plane data is stored in the following System 
Registers. 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe hit Probe hit set 1, no probe hit 0 

Probe Angle Angle of two measured points (P word for X 
or R word for Y) with the +X axis 

Angle Error If B word tolerance is exceeded 
[ANGLE ERROR] is set true 

G51.4 Measure Feature-to-Feature in X, Y Plane 

The following System Registers are effected in this cycle. 

Definition Comment 

Probe Part Location Data used by G51.4 set by previous surface 
measurement cycle 

Probe Part Location X Axis Data used by G51.4 set by previous surface 
measurement cycle 

Probe Part Location Y Axis Data used by G51.4 set by previous surface 
measurement cycle 

X axis Position Error Is the difference between the expected and 
measured distance in X axis between two 
features 

Y axis Position Error Is the difference between the expected and 
measured distance in Y axis between two 
features 

True Position Error True position vector error value of X, Y, axis 
between two features 

Probe Angle Error The error between the measured and ex-
peeled angle between two features is 

Size Error The error in the radial distance measured be-
tween two features 

Out Of Tolerance If second 051.4 block [TRUE_POS_ERR] 
exceeds V word (OUT_OF _TOL] is set true 
non-zero. 

Total Tolerance Exceeded If second G51.4 block [TRUE_POS_ERR) 
exceeds U word [TOL_EXCEEDED] is set 
true non-zero 

Angle Error If second G51.4 block [PRB_ANGL_ERR] 
exceeds B word [ANGLE_ERROR] is set 
true non-zero 
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System Register Name 

[$PRB_PART_LOC] 

[$PRB_PART_LOC(Z)] 

($Z _POS _ERR] 

[$TRUE_POS_ERR] 

[$PRB_ANGL_ERR) 

[$SIZE_ERROR] 

[$OUT_ OF_ TOL] 

[$TOL_EXCEEDED) 

[$ANGLE_ERROR] 

Tool Data Table 

X Probe Offset 

Y Probe Offset 

Cycle Parameter Table 

X POS TIP 

X_NEG_TIP 

Y POS TIP 

Y NEG TIP - -

System Register Name 

[$PROBE_ CALIB] 
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G51.5 Measure Feature-to-Feature in Z Plane 

The following System Registers are effected in this cycle. 

Definition Comment 

Probe Part Location Data used by 051.5 set by previous surface 
measurement cycle 

Probe Part Location Z Axis Data used by GSl .5 set by previous surface 
measurement cycle 

Z Axis Position Error Is the expected difference between two fea-
tures in Z axis 

True Position Error True position vector error value of Z axis 
between two features 

Probe Angle Error The error between the measured and ex-
pected angle between two features 

Size Error Size error value is the true position error val-
ue plus the L word measured between two 
features 

Out Of Tolerance If second GSl.5 block [TRUE_POS_ERR] 
exceeds V word [OUT_OF _TOL] is set true 
non-zero 

Total Tolerance Exceeded If second GSl.5 block (TRUE_POS_ERR] 
exceeds U word [TOL _ EXCEEDED] is set 
true non-zero 

Angle Error If second 051.5 block [PRB_ANGL_ERR] 
exceeds B word [ANGLE_ERROR] is set 
true non- zero 

G72 and G73 Calibration Cycles 

T he following Tool D ata Table Cvcle Param eter Table and System Register 
fields are effected by these cycles. 

Definition Comment1,5 
X Probe Offset contain the latest computed spindle center line off-

set values for X axes after calibration is performed. 
Note: these field are not effected by G73 

Y Probe Offset contain the latest computed spindle center line off-
set value Y axes after calibration is performed. 
Note: these field are not effected by G73 

Definition Comment 

X Axis Position Tip Dimension The latest computed dimensions ot' the stylus tip for 
+X, after calibration is performed 

X Axis negative Tip Dimension The latest computed dimensions of the stylus tip for 
- X after calibration is performed 

Y Axis Position Tip Dimension The latest computed dimensions of the stylus tip for 
+ Y after calibration is performed 

Y Axis negative Tip Dimension The latest computed dimensions of the stylus tip for 
-Y after calibration is performed 

Definition Comment 

Probe Calibration If 360 degree calibration is selected values are 
stored here 

Cincinnati Milacron 6-SP-98075-1 



Tool Data Table 

Tool Length 

System Register Name 

[$PRB_POS_PC] X, Y, Z 

[$PRB_POS_MC] X, Y, Z 

[$PRB PART LOC] X, Y, Z 

[$PROBE_HIT] 

[$X_POS_ERROR] 

[$Y _POS_ERROR) 

[$Z_POS_ERROR] 

($TRUE_POS_ERR) 

[$PRB_X_ANGLE] 

[$PRB_ Y _ANGLE] 

[$PRB _INCL_ANG] 

[$OUT_ OF_ TOL] 

[$TOL _ EXCEEDED] 

[$ANGLE_ERROR] 
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G74 Set Probe Length 

The following Tool Data Table is affected by this cycle. 

Definition Comment 

Tool Length field retains the latest calibrated probe length 

G75, G76 Probe to Corner Location System Registers 

When either internal or external corners are located, data is stored in the 
following System Registers. 

Definition Comment 

Probe Position Program Coordinates X, Y, 
Z axis 

Probe Position Machine Coordinates X, Y, 
Z axis 

Probe Part Location X, Y, Z axis 

Probe Hit Probe hit set 1 surface contact, no probe hit 
0 

X Axis Position Error Probe difference between I word and mea-
sured position 

Y Axis Position Error Probe difference between J word and mea-
sured position 

Z Axis Position Error Probe difference between K word and mea-
sured position 

True Position Error True position vector error value of X, Y, and 
z 

Probe X Axis Angle Is the computed X axis side of the corner 
when P word is programmed 

Probe Y Axis Angle ls the computed Y axis side of the corner 
when R word is programmed 

Probe Include Angle Data is used by G51.4 and G51.5 for second 
measurement positioning 

Out Of Tolerance If the measured exceeds the V word value 
[OUT OF TOL] is set true, non-zero 

Tolerance Exceeded If the measured exceeds the U word value 
(TOL EXCEEDED] is set true, non-zero 

Angle Error If second measured X and Y axis angles ex-
ceeds B word [ANGLE_ERROR] is set true 
non-zero 
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System Register Name 

[$PRB_pos_PC] X, Y, z 
[$PRB_POS_ MC] X. Y, Z 

[$PROBE_HIT] 

[$PRB _pART LOC] X, Y, Z 

[$X_POS_ERROR] 

[$Y_FOS_ERROR] 

[$Z_POS _ ERROR] 

[$TRUE_FOS_ERR] 

[$SIZE_ERROR] 

[$OUT_OF_TOL] 

[$TOL_EXCEEDED] 

System Register Name 

[$PRB POS PC] X, Y, Z 

[$PRB POS MC] X, Y, Z 

[$PROBE_HIT] 

[$PRB_PART_LOC] X, Y, Z 

[$MAX_STOCK] 

[$MIN_ STOCK] 

[$VARIATION] 

($X_POS_ERROR] 

[$Y _POS_ERROR] 

[$Z_POS_ERROR] 

($TOL _ EXCEEDED] 
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G77 Locate Probe Surface System Registers 

When a surface is located the following System Registers store the latest 
axis data. 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe hit Probe hit set 1, no probe hit 0 

Probe Part Location 

X axis Position Error Probe difference between I word and mea-
sured position 

Y axis Position Error Probe difference between J word and mea-
sured position 

Z axis Position Error Probe difference between K word and mea-
sured position 

True Position Error True position vector error value of X, Y, and 
Z axis 

Size Error Size error value is the true position value 
plus the L word 

Out Of Tolerance If the measured [SIZE_ERROR] exceeds the 
V word value [OUT_ OF_ TOL] is set true, 
non-zero 

Tolerance Exceeded If the measured (SIZE_ERROR] exceeds the 
U word value [TOL_EXCEEDED] is set 
true, non-zero 

G77.1 Stock Allowance System Registers 

The following Svstem Registers store data when this cycle is used 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe hit Probe hit set 1, no probe hit 0 

Probe Part Location 

Maximum Stock Is data for maximum stock amount for the 
current set of measurements 

Minimum Stock Is data for minimum stock amount for the 
current set of measurements 

Variation in Stock Is the difference between lowest and highest 
measured surface location 

X axis Position Error Probe difference between I word and mea-
sured position 

Y axis Position Error Probe difference between J word and mea-
sured position 

Z axis Position Error Probe difference between K word and mea-
sured position 

Tolerance Exceeded If the measured [SIZE_ERROR] exceeds the 
U word value [TOL _ EXCEEDED] is set 
true, non-zero 
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System Register Name 

($PRB_POS_PC] X, Y, Z 

[$PRB_POS_MC] X, Y, Z 

[$PROBE_HIT] 

[$PRB_PART_LOC(X)] 

[$PRB PART LOC(Y)] 

[$PRB X DrA] 

[$PRB_Y_DIA] 

[$PRB_AVG_DIA] 

[$X_POS_ERROR] 

[$Y_POS_ERROR] 

[$OUT_OF_TOL] 

[$TOL_EXCEEDED] 

System Register Name 

[$PRE_ POS _pC] X, Y, Z 

[$PRB POS MC] X, Y, Z 

[$PROBE_HIT] 

[$PRB_PART_LOC(X)] 

[$PRB PART LOC(Y)] 

[$PRB_ WIDTH] 

[$X_POS_ERROR] 

[$Y_POS_ERROR] 

[$TRUE_POS_ERR] 

[$OUT_ OF_ TOL) 

[$TOL _ EXCEEDED] 
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G78 Probe a Bore System Registers 

When a bore is located, the System Registers store the latest axis data, also 
three bore measurements are retained as follows: 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe hit Probe hit set 1, no probe hit 0 

Probe Part Location in X axis 

Probe Part Location in Y axis 

Probe X Axis Diameter 

Probe Y Axis Diameter 

Probe Average Diameter 

X axis Position Error Probe difference between I word and mea-
sured position 

Y axis Position Error Probe difference between J word and mea-
sured position 

Out Of Tolerance If the measured value exceeds the V word 
[OUT OF TOL] is set true, non-zero 

Tolerance Exceeded If the measured value exceeds the U word 
value [TOL_EXCEEDED] is set true, non-
zero 

G79 Probe to Measure a Web or Pocket System Registers 

When a web or pocket is measured the following Svstem Registers store the 
latest axis data. An additional field, Probe Width contains the measured 
web or pocket width. 

Definition Comment 

Probe Position Program Coordinates 

Probe Position Machine Coordinates 

Probe hit Probe hit set 1, no probe hit 0 

Probe Part Location in X axis 

Probe Part Location in Y axis 

Probe Width Is the measured web or pocket width 

X axis Position Error Probe difference between I word and mea-
sured position 

Y axis Position Error Probe difference between J word and mea-
sured position 

True Position Error True position vector error value of X, and Y 
axis 

Out Of Tolerance If the measured value exceeds the V word 
[OUT_OF _TOL] is set true, non-zero 

Tolerance Exceeded If the measured value exceeds the U word 
value [TOL_EXCEEDED] is set true, non-
zero 
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How Do I View System Register Data 

Touch, press or set Comments the following 

[I] 
~ 

The following display will appear: 

Select a Diselal I 
Display Groups Menus 

$ Axis ~ - ~ Home > rt: Plotter 
Displays Menu Menu 

e.:J Offset > -+b Coo~inat ♦ ~ Table I Displays Menu Setup 

g Other 
"'~"u 

> ~ Axis 
Displays Setup > if= Drawing 

Menu View Menu 

Select Axis Dis la 

$ Cycle 
i ~ nr.:ii ff el [ii: Program > Function~ .I..! Parameters 
Current Menu Menu 

To Go 
t@ Co~nter 

~ 4View > More Menu 
Selections 

Limits Time 

Servo 
..,_,.u 

Servo Setup □ Setup Home ✓ X Display 

L] Other Displays > Touch to change 

...!J The System Registers Table 
will be displayed. 

::~~~~::1:1~1 
Variables 
View Drawin Touch to highlight 
Plotter 
Cycle Parameter 
Program Parameter 
Process Control Da 
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PROBE CYCLE 
PARAMETERS 

Probe Approach Feedrate 

How Do I View System Register Data (continued) 

_t.J The System Registers Table 
will be displayed. 

I 
Probe ll 

Note: To change values on this menu the Service password must be se
lected. 

What Tool Types are Permitted 

PROBE 

What Cycle Parameters Are Used With the Spindle Probe 

Cycle Parameters are used to modify spindle probe operations. When the 
Probing Cycle Parameter Table is selected, two field values are presented: 
Programmable Value, which can be altered two ways, by the probe cycles 
themselves, or by the operator as needed. The Base Value field is used to 
establish a set of default values which are configured under the Setup 
password. 

CYCLE PARAMETERS 

The Cycle Parameter Table also provides the programmer with a method of 
changing the value of fixed cycle features; (i.e. Probe Approach Feedrate ). 

The following chart lists the Probe Cycle Parameters, Program Reference, 
Base Value, and Programmable Value of cycle parameters used by probe 
fixed cycles GSl - GSl.5 &G72 - G79. 

PROBE CYCLE PARAMETER TABLE (EXAMPLE) 

PROGRAM BASE PROGRAMMABLE 
REFERENCE VALUE VALUE 

PRB APPR FRT + 2500.000 + 2500.000 - -
Probe Measurement Feedrate PRB MEAS FRT + 250.000 + 250.000 - -
Rotating Tool Retract Distance FIX PRB RRET + 1.000 + 1.000 - -
Probe Gage Height PROBE GH + 2.5400 + 2.5400 

+X Stylus Tip Dimension X POS TIP +0 +0 - -
-X Stylus Tip Dimension X NEG TIP +0 +O - -
+ Y Stylus Tip Dimension Y_POS_TIP + 0 + O 

-Y Stylus Tip Dimension Y NEG TIP +0 +0 - -
Tram Surface TRAM SURFACE +0 + 0 
Fixed Probe Tram Surface FIX_PRB_TRAM + O +O 

Fixed Probe Clearance Height FIX_PRB_CLR + 950.0000 + 950.0000 
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The cycle parameters can be changed by the NC program. An example 
follows: 

NlO [$CYCLE_PARAMS (2) PRB_APPR_FRT] = 1250.000 

Block NlO assigns the PRB_APPR_FRT cycle parameter in column two 
(Programmable Value) the value of 1250.000 instead of thevalue in column 
one (Base Value) of 2500.000. 

NOTE: It is extremely important that any cycle parameters changed dur
ing program execution be restored to their original table values. 
Restoring the original values either immediately after use or at the 
end of the part program will assure that programs that do not as
sign cycle parameter values work in a consistent manner. 

Changing Probe Cycle Parameters 

Changes can be made to parameters associated with each NC 
Cycle operations. This table is supplied with a set of configurable 
default values established at machine installation. Values in this 
table can be overridden programmatically or entered at the 
machine. Only experience personnel, totally familiar with with 
the machine operation and programming, may be permitted to 
make these type of changes. Exact information and illustration 
may vary somewhat from that shown depending on machine type, 
application and options supplied. 

Touch, press or set Comments the following 

~ 
~ 

The following display will appear: 

Select a Diselay I 
Display Groups Menus 

$ Axis ♦ ~ Home > ~ Ploner 
Displays Menu Menu 

[ij Offset > ~ Coordinate~ 

~ Table I Displays Setup • Menu 
Menu 

g Other > ~ Axis 
Displays Setup > tE Drawing 

Menu View Menu 

Select Axis Dis la 

* 
Cycle 

l:u1T1IUel!H1l1 ~ Program ) 
Function~: .l..! Parameters 

Current Menu Menu 

To Go 

Te Counter/ 

~ 4View > More Menu Time 
Selections 

Limits Menu 

Servo 
Servo Setup 0 SetupHome ✓ X Display 
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Changing Probe Cycle Parameters (continued) 

Drilling 

Probing Ccyte Parameters 

Probe Approach Feedback 
Probe Measurement Feedback 
Rotating Tool Retract Distance 
Probe Gage Height 

+ X Stylus Tip Dimension 
- X Stylus Tip Dimension 
+ Y Stylus n p Dimension 
- Y Stylus Tip Dimension 
Tram Surface 
Fixed Probe Tram Surface 
Fixed Probe Clearance Height 

~ 
Cycle 

.1...! Parameters 
Menu 

..LJ 
I 

Probing ll 
Cycle Parameters 

i __ P,ro:r:m'i:i;i;;:nce1''-fl;~~·v;i~;riogr~:i:•bte, 
• - • 1 L , ,·-~ .... ,.. ,!:·.';.,,.,.,,,r,.,.J,,,,.,,,..~.,.•.'.- ~ .. ,;;;,. 

PRB_APPR_FRT • 78.7402 +78.7402 
PRB_MEAS_FRT •7.8740 +7.8740 
FIX_PRB_RRET •0.01969 +0.01969 
PROBE GH •0.11811 •0.11 811 
)(_POS)IP •0.12598 •0 12598 
X_NEG_TIP •0.12598 -+0.12598 

Y POS TIP t0.12596 +D.1259B 
Y-NEG- TIP +0.12598 +0,12598 
TRAM_SURFACE •0.00000 •11 .1 2164 
FIX _PRB _ TRAM •0.00000 +7.14788 
FIX_PRB_CLR +393. 70078 +393.70078 

Machine Off [Emergency Stop PB] 

~ 
fOIT 
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• t!!fj 
100LS $!T\IP 

Check that Inch or Metric mode 
is correct. Tram Surfaces 

machine coordinate is displayed 
in table. See WARNING 

Touch to highlight Cycle 
Parameters Menu 

Touch to highlight Cycle 
Parameters Table button if 

table is not active. 

S:\ 
Metric 

~ ResetTo 
~ Default 

~ ResetAIITo 
~ Default 

~ Backup& 
Restora . 
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Parameter Name 

PRB APPR FRT - -

PRB MEAS FRT - -

PROBE GH 

X POS TIP 
X NEG TIP 
Y_POS_TIP 
Y NEG TIP 
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Definition Range Usage 

Probe Approach Fee- 0 to 99.99999 inch Specifies probe approach feed rate for 
drate 0 to 9999.9999 mm first probe contact. 

Probe Measurement 0 to 9.99999 inch Specifies probe approach feed rate on 
Feed rate 0 to 999.9999 mm a second measurement move follow-

ing the initial hit. A second measure-
ment move is selected when the Q 
word = 0 or absent. 

Probe Gage Height 0 to 9.99999 inch This value determines clearance or 
0 to 9.9999 mm back off distance after a probe hit. 

+X, - X, +Y, and -Y 0 to 9.99999 inch Defines the latest computed dimen-
Stylus Tip Dimension 0 to 99.9999 mm sions of the stylus tip after calibration 

is performed 

Why Calibrate the Spindle Probe 

The spindle probe must be calibrated before accurate part coordinates can 
be acquired. Normally, this procedure is performed at setup, b ut to review 
what is involved it will be repeated here. Also, the control retains only the 
most recent calibration data. 

Probe Calibration 
Touch, press or set Comments the following 

The Probe must be calibrated before it can be used. Two Probe 
cycles, G72 and G74, are used to calibrate the Probe Stylus 
dimensions and length. Once this procedure has been preformed, 
the probe will locate parts along the X, Y and Z axes. Prior to 
calibrating the probe, ensure that the Tool Data Table contains: an 
approximate length and PROBE as tool type. 
The following example procedure is for reference purposes. Due 
to the numerous workpiece configurations, tooling and set-up 
possibilities this procedure is to be used as a guide. 
Refer to the Programming manual for additional probe information. 

G72 Set Stylus and Tip Dimensions 
Touch, press or set Comments the following 

[)] 
~ 
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G72 Set Stylus and Tip Dimensions (continued) 

Touch, press or set 
the following 

Optical 
Transmitter 

..---Stylus 

Comments 

The exact centerline and 
diameter of a bored hole must be 
known prior to performing the 
following procedure. This can 
be accomplished by making a 
finished boring cut with a boring 
bar, by tramming an existing 
bore with a dial indicator, or by 
utilizing an existing bored hole 
that is at a predetermined 
location on the table or fixture. 
The stylus should be as close as 
possible to the spindle 
centerline and the reference 
bore should be as large as 
feasible. 

- Load the Probe into the spindle 
[TxxxM6]. Using your finger, 
lightly tap the stylus. The 
message "Unexpected Hit 
Probe Cycle" should appear on 
the CRT. If this message doesn't 
appear, the Probe isn't 
functioning properly. DO NOT 
use the Probe until the cause of 
malfunctioning is found and 
corrected. If the message does 
appear, clear the alert or press 
Data Reset to extinguish the 
alarm and rearm the Probe. 
- Position the spindle center line 
to the exact centerline of the 

......,____...__ _____ ___..____,_----1 reference bore and feed the 
_____ V_ic_e _____ ----1 stylus tip until it is fully within the 

bore. 
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G72 Set Stylus and Tip Dimensions (continued) 
Touch, press or set 

the following Comments 

- In MDI, enter G72Pxxxx, 
where Pxxx is the exact 
diameter of the reference bore. 
- Press Cycle Start, the Probe 
will begin the calibration cycle 
making a series of X and Y 
moves to determine the stylus 
size and amount that is offset 
from the true spindle centerline. 
When the G72 begins, all 
previous data concerning stylus 
size and Offset is erased, so be 
sure not to interrupt the cycle 
once it has begin, unless an 
emergency situation is 
encountered. 

The G72 will enter four pieces of 
information into the control that 
can be checked to ensure 
proper calibration has taken 
place: X+ probe tip radius, X
probe tip radius, Y + probe tip 
radius, Y-probe tip radius. 
NOTE These dimensions are all 
within a few tenths (.0001 in.) of 
each other. If there seems to be 
a greater variance, recalibrate 
the Probe. Also, in the Tool 
Table, the X and Y Probe offset 
values reflect the amount that 
the tip of the stylus is offset from 
the spindle centerline. 
The stylus tip dimensions are 
stored in Cycle Parameter Table 
entries: 
+X Stylus Tip Dimension 
-X Stylus Tip Dimension 
+ Y Stylus Tip Dimension 
- Y Stylus Tip Dimension 
This completes the stylus 
calibration in the X, Y planes. 
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Caution 1 

If TO is not displayed, an erro
neous Tool Length Set could 
occur resulting in subse
quent damage to the work
piece, fixture and machine. 

Caution 2 

Do not feed the spindle face/ 
tool tip into the set-up gauge 
block. Move the Z axis a 
small increment and then 
slide the gauge block be
tween the spindle face or tool 
tip and the workpiece/fixture 
or machine table until a 
proper precision slip-fit is 
achieved. Move the gauge 
block clear before moving 
the Z axis. Failure to follow 
this instruction may result in 
damage to machine compo
nents. 
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G74 Set Probe Length 

Touch, press or set 
the following Comments 

The following example procedure is for reference purposes. Due 
to the numerous workpiece configurations, tooling and set-up 
possibilities this procedure is to be used as a guide. 
Refer to the Programming manual for additional probe information. 

I 

[I] 

Set Z Axis Position 

I 
I 

I 
I 

I 

I I 
I 'spindle 

Face 

.,.-._ -- Gauge 
Block 

Prior to using the Probe G74, an 
exact Z axis position of a surface 
must be known. To determine 
the exact position of a surface, 
perform the following: 

- Remove tool from spindle. 
See Unload Tool From Spindle. 

- Ensure that TO (Tool Zero) is 
the Active Tool displayed on the 
screen. See Caution 1. 

- Power feed the non rotating 
spindle face in X and Y axes 
over the surface to be used to 
set the probe, example 6.000 in. 
gauge block height. 

- Place 6.0000 in. height gage 
block on top surface of table or 
workpiece. Manually jog Z axis 
until spindle face is close to top 
surface of gauge block. 

- Using the handwheel and 
Ta~le small increments, move Z axis 

f until the spindle face barely 
__ ---1,._..__ __ ......_ __ touches top of gauge block - see 

Caution 2. A snug slip fit (feel) 
between the spindle and the top 
of the gauge block is required. 

- Record the current Z axis 
position displayed on the control 
screen. 
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Guage Line on 
taper shank 

Approximate 
length 

___ l 
Rule 

Probe length approximation 
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G74 Set Probe Length (continued) 

Touch, press or set 
the following 

Gauge 
Block 

Table 
Surface 

Comments 

- Setup the Probe, refer to 
manufacturers documentation. 
- Load the Probe/holder into the 
Spindle, TxxM6. 
- Enter against the appropriate 
record in the tool table; 
- 'Probe' as the Tool Type 
- An approximate length of the 
probe within 0.1 " (3mm). See 
figure. 
- Position probe in X and Y axes 
so the probe tip is in close 
proximity over the top surface of 
the gauge block. 
- In MDI, EnterG74Zxxx, where 
xxx is the Z axis coordinate of 
the top of the gauge block. 
- Press Cycle Start. The Probe 
will move the Z axis slide to "find" 
the surface, and the dynamic 
length of the probe will be 
determined and automatically 
stored in the Tool Length column 
in the Tool Data table. The 
length calibration is complete. 
- The Z coordinate need not be 
programmed if the top surface of 
the gauge block also represents 
the specified Tram Surface 

----------------,l..,.v~alue in the Cycle Parameter 
table. 
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Name 

[$PRB_AVG_DIA] 

[$PRB_PART_LOC] 

[$PRB_POS_MC] 

[$PRB_POS_PC] 

[$PRB _ WIDTH] 

[$PRB_X_DIA] 

[$PRB_ Y _DIA] 

[$PROBE_HIT] 

[$X_POS_ERROR] 

[$Y _pos _ERROR] 

[$Z_POS_ERROR] 

[$TRUE_POS_ERR] 

[$SIZE_ERROR] 

[$OUT_OF_TOL] 

[$TOL _EXCEEDED) 

Cincinnati Mil~cron 6 - SP- 8807$-1 

Spindle Probe System Variables 

System variables are defined and maintained by the control. They are used 
to make information about the control state available to the NC program. 
System variables used by the tool setter probe are listed below. Consult your 
programming manual for additional information. 

Definition Program Field Name Description 

Measured probe average di- Range of 99999.9999mm 
ameter of a bore or boss. 
(G78 probe cycle 

Probe Part Location is the X,Y,Z Range of 99999.9999mm 
coordinates of the measured 
part feature for G75-79 

Location of the most recent X,Y,Z,U,V,W,A,B,C Range of 99999.9999mm 
probe hit in machine coordi- Range of 99999.9999degrees 
nates 

Location of the most recent X,Y,Z,U,V,W,A,B,C Range of 99999.9999mm 
probe hit in program coordi- Range of 99999.9999degrees 
nates 

Measured width of a pocket Range of 99999 .9999mm 
or web (G79 probe cycle) 

Measured probe X axis di- Range of 99999.9999mm 
ameter or a bore or boss. 
(G78 probe cycle) 

Measured probe Y axis di- Range of 99999.9999mm 
ameter or a bore or boss. 
(G78 probe cycle) 

Probe Hit FALSE= 0 
TRUE= 1 

Difference between I word X 
and measured X axis posi-
tion 

Difference between J word y 
and measured Y axis posi-
tion 

Difference between K word z 
and measured Z axis posi-
tion 

True vector error position of X,Y,Z 
X,Y and Z axes 

True position value plus tool X,Y,Z 
offset 

Measured size error exceeds FALSE=0 
V word value TRUE = 1 

Measured size error exceeds FALSE= 0 
U word value TRUE = 1 
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Name Definition Program Field Name Description 

[$PRB_A_ANGLE) Angle between two mea- R 
sured points in the Y axis 
plane, R word specifies 
rotary A axis 

[$PRE_ B _ ANGLE] Angle between two mea- p 
sured points in the X axis 
plane, P word specifies 
rotary B axis 

[$ANGLE_ERROR) [$PRB_A_ANGLE] or B FALSE = 0 
[$PRB_B_ANGLE] angle TRUE = 1 
exceeds B word tolerance 

[$PRB_ANGL_ERR) The error between the mea-
sured and expected angle 
between two features 
(G51.4 and 051.5) 

[$PRB_X_ANGLE] Is the computed X axis side p 
of the corner when P word 
is programmed (G75 and 
0 76) 

[$PRB_ Y _ANGLE] Is the computed Y axis side R 
of the corner when R word 
is programmed (G75 and 
076) 

[$PRB_INCL_ANG] Angle data used by 051.4 
and G51.5 for second mea-
surement positioning 

[$MAX_ STOCK] ls data for maximum stock 
amount for the current set of 
measurements (077.1) 

[$MIN_ STOCK] Is data for minimum stock 
amount for the current set of 
measurements (G77.l) 

[$VARIATION] ls the difference between 
lowest and highest measured 
surface location (G77.l) 
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G51 Probe Multiple Axes 

The G51.l measures the location of a surface along an approach move made 
using any combination of the X, Y, and Z axes. The measured true location 
of the surface in the selected axis is saved in the following system registers. 

[$PROBE HIT] Set true non-zero with probe hit 

[$PRB_POS_MC] axis machine coordinate data of the point of contact 
X,Y,Z 

[$PRB_POS_PC] axis program coordinate data of the point of contact 
X,Y,Z 

Note: Before performing measurements, calibrate the probe for 360 de
grees using G72 Al. 

G51 Probe Multiple Axes 
Program Words 

Word Description Comments 

Position X Word 

y 

Position Y Word 

z y 

Position Z Word 

Specifies location to which the probe 
measurement span moves 

Specifies location to which the probe 
measurement span moves 

Specifies location to which the probe 
measurement span moves 
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G51 Probe Multiple Axes 
Program Words (continued) 

Word Description 

Probe Process Q Word 

Over travel Distance D Word 

Controls Action E Word = 1 

Comments 

QO Double Hit 
Ql Single Hit 
If a probe hit occurs during the ap
proach move and the Q word speci
fies a single hit cycle, the coordinates 
of the point of contact of the probe 
are stored in system register 
[$PRB_POS_MC] and 
[$PRB _pos _pc). 
If the Q word is zero or absent, speci
fying a double hit cycle, the probe re
tracts from the initial hit location 
along the approach vector by the 
Probe Gage Height distance cycle pa
rameter. A second approach move at 
the Probe Measurement Feedrate 
cycle parameter is used to make the 
final measurement of the surface 
location, which is stored in system 
registers [$PRB_POS_MC] and 
[$PRB_POS_PC]. 

Non-modal probe over travel dis
tance allowed beyond the pro
grammed X, Y, or Z dimension. If D 
is absent, no over travel beyond the 
programmed end point is allowed. 

E0 or not programmed abort and re
port an alarm. 
El Set system register 
[SPROBE_HIT] false and continue 
NC program execution. 
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G51 Cycle Action 

The probe is first positioned near the nominal location of the surface to be 
located. 

1. Probe moves in a straight line to the programmed location plus 
overtravel D word distance. 

2. If a probe hit occurs location of surface is measured and stored. 
Measurement action is determined by the Q word. 

3. At cycle conclusion, the probe returns to its position prior to the G51 
block execution. 

G51 Programming Considerations 

• 

• 

• 

• 

• 

Prior to executing the G51 cycle, the NC program must position the 
probe near the surface to be measured. 

For each axis programmed in the G51 block the prnbe moves from the 
current position toward the programmed endpoint at the cycle 
parameter Probe Approach Feedrate. 

If no probe hit is detected, system register [$PROBE _HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value (or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 

When using 3-point measurement the probe must be calibrated for 360 
degrees. 
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G51.1 Vector Probe Surface and Set Offsets (Optional) 

The 051.1 measures the location of a surface along an approach move made 
using any combination of the X, Y, and Z axes. The measured true location 
of the surface in the selected axis is saved in the following system registers. 

[$PROBE_ HIT] Set true non-zero with probe hit 
($PRB_pos_MC] axis machine coordinate data of the point of contact 
X,Y,Z 
[$PRB_POS_PC] X,Y,Z axis program coordinate data of the point of contact 
[$PRB_pART_LOC(X)] records part measurement coordinates 
[$PRB_PART_LOC(Y)] 
[$PRB PART LOC(Z)] 

G51.1 Vector Probe Surface and Set Offsets 
Program Words 

Word Description 

Position X Word 

Position Y Word 

y 

Position Z Word 

z y 

Over travel Distance D Word 

Comments 

Specifies location to which the probe 
measurement span moves 

Specifies location to which the probe 
measurement span moves 

Specifies location to which the probe 
measurement span moves 

Non- modal probe over travel dis
tance allowed beyond the pro
grammed X, Y, or Z dimension. If D 
is absent, no over travel beyond the 
programmed end point is allowed. 
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G51.1 Vector Probe Surface and Set Offsets 
Program Words (continued) 

Word Description 

Probe Process P Word 

Controls Action E Word = 1 

Comments 

QO Double Hit 
Ql Single Hit 
If a probe hit occurs during the ap
proach move and the Q word speci
fies a single hit cycle, the coordinates 
of the point of contact of the probe 
are stored in system register 
[$PRB _POS _ MC] and 
[$PRE_ POS _pc]. 
If the Q word is zero or absent, speci
fying a double hit cycle, the probe re
tracts from the initial hit location 
along the approach vector by the 
Probe Gage Height distance cycle pa
rameter. A second approach move at 
the Probe Measurement Feedrate 
cycle parameter is used to make the 
final measurement of the surface 
location, which is stored in system 
registers [$PRB_POS_MC] and 
[$PRB_POS_PC]. 

E0 or not programmed abort and re
port an alarm. 
El Set system register 
[$PROBE_HIT] false and continue 
NC program execution. 
Refer to What Offsets Can Be Ad
justed Tool Offset Tolerance on the 
following pages for additional in
formation 

Non- modal parameter which speci
fies the expected location of the sur
face in X axis. 
The H word is used to set offsets 

Non-modal parameter which speci
fies the expected location of the sur
face in Y axis. 
The H word is used to set offsets 

Non-modal parameter which speci
fies the expected location of the sur
face in Z axis. 
The H word is used to set offsets 
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G51 .1 Vector Probe Surface and Set Offsets 
Program Words (continued) 

Word Description Comments 

Offset Type H Word Non-modal offset to be set based on 
the true position error ( size error for 
H5) from the expected surface loca-
tion specified by the I, J, and K 
words: 
0 or not programmed Setup Offset 
1 Pallet Offset 
2 Fixture Offset 
3 Programmable Coordinate Offset 
5 Programmable Tool Offset 
Refer to What Offsets Can Be Ad-
justed on the following pages for 
additional information. 

Offset Number O Word Non-modal Multiple Setup Offset 
number to be set 
Optional with H = 0 
Is required with H = 2, 3, or 5 

UWord The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and taler-
ance limit exceeded error is reported. 

VWord The non- modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with H5. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

F Word Non-modal feedback which controls 
the percent of feedback applied. 
Range values are from O to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 

TWord Non-modal tool reference or record 
number of the tool to be updated. 
Used with HS. 
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G51 .1 Vector Probe Surface and Set Offsets 
Program Words (continued) 

Word Description Comments 

LWord Non-modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register [$PROBE_HIT] 
false or set [$0UT_OF_TOL] or 
($TOL_EXCEEDED) 
Refer to What Offsets Can Be Ad-
justed Tool Offset Tolerance n the 
following pages for additional in-
formation. 

G51.1 Cycle Action 

The probe is first positioned near the nominal location of the surface to be 
located. 

l. Probe moves in a straight line to the programmed location plus 
overtravel D word distance. 

2. If a probe hit occurs location of surface is measured and stored. 
Measurement action is determined by the Q word. 

3. At cycle conclusion, the probe returns to its position prior to the 051.1 
block execution. 

What Offsets Can Be Adjusted 

Following a successful measurement, the measured true position of the bore 
center can be used to set a coordinate offset. The selection of which offset 
to adjust is controlled by the optional parameters specified. In order to set 
any offset, the I and J words must be programmed. 
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G51. l computes error between the nominal center of the bore ( specified by 
the I and J words) and the measured center. This data is stored in the 
following system registers: 

[$X_POS_ERROR] is the difference between the I, J, and K word values and 
[$Y_POS_ERROR] the measured position 
[$Z_POS_ERROR] 

[$TRUE_POS_ERR) is the vector error value of X, Y, and Z axes 

($SIZE ERROR] is the measured size error of X, Y, and Z axes 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X, Y, and Z axis can be 
changed when the H word is O or absent, and the O word is absent. The X 
Y and Z axis position, and I, J and K word values are used to compute 
offsets. The control performs a G92.1 Position Set to the active setup offset 
values. 

051.1 XlO Y12 Z-10 IO JO KO ; Find surface and update current active 
multiple setup offset 

Setting Selected Setup Offsets 

To apply offsets to a setup other than the active setup, the H word is O or 
absent, and the O word value is used to specify the setup record number. The 
X, Y and Z axis position, and I, J and K word values are used to compute 
offsets. The control performs a 092.1 Position Set to the O word setup 
selection. 

GS 1.1 XlO Y12 Z- 10 IO JO KO 02 ; Find surface and update multiple setup 
offset 2 

Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set these offset values, the H word specifies the type of offset, and the 
0 word specifies which offset record. The X, Y and Z axis position, and I, 
J and K word values are used to compute centerline offset. The following 
examples will write offset values to their respected tables. 

Setting a Pallet Offset 

G51.l XlO Y12 Z-10 IO JO KO Hl ; Find surface and update current active 
pallet values 

Setting a Fixture Offset 

G51.1 X10 Y12 Z-10 IO JO KO H2 0 3; Find surface and update Fixture 
offset 3 values 

Setting a Programmable Coordinate Offset 

G51.1 XlO Y12 Z- 10 IO JO KO H3 05 ; Find surface and update 
Programmable coordinate offset 5 values 

Changing Programmable Tool Offset Table values 

The Programmable Tool Offset table diameter and length values can be 
change by programming HS with an O word and no T word. The diameter 
and length tool is adjusted by data in system register [$SIZE_ERROR]. 
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G51.1 XlO Y12 Z-5 110.2 J12.2 K-5 HS 06 ; change tool diameter and 
length record number 6 programmable tool table value. 

Changing Tool Table Diameter Offset value 

The Tool Table Offset diameter value can be change by programming HS 
with a T word. The tool is adjusted by data in system register 
[$SIZE_ERROR]. 

G79 XlO Y12 Z-5 110.2 J12.2 K-5 H5 T6; Change tool table diameter 
offset and length value record number 6 

Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the V word and system register [$SIZE_ERROR] exceeds the V 
word value, [$OUT_OF TOL] is set true (non-zero). 

If the U word and system register [$SIZE_ERROR] exceeds the U 
word value, [$TOL_EXCEEDED] is set true (non-zero). 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test 
[$PROBE_HIT] to determine whether or not the cycle completed its 
measurements. Also, system registers [$OUT_ OF_ TOL], and 
[$TOL_EXCEEDED] are tested to determine whether an error 
occurred. 

G51.1 Programming Considerations 

• 

• 

• 

• 

• 

Prior to executing the G51.1 cycle, the NC program must position the 
probe near the surface to be measured. 

For each axis programmed in the G51.1 block the probe moves from 
the current position toward the programmed endpoint at the cycle 
parameter Probe Approach Feedrate. 

If no probe hit is detected, system register [$PROBE_ HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value (or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 

When using 3-point measurement the probe must be calibrated for 360 
degrees. 
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G51.2 Rotary Axis Measurement (Optional) 

GSl.2 measures the slope of a surface between two points by measuring the 
Z axis depth. The angle that the line between the two measured points 
makes with the XY plane is computed and stored in following system 
registers: 

[$PROBE HIT] Set true non-zero with probe hit 

[$PRB_POS_MC] Z axis machine coordinate data of the point of contact 

[$PRB _pos _pq Z axis program coordinate data of the point of con-
tact 

[$PRB_A_ANGLE] Is the angle that the line between two measured 
points makes with the XY axis plane 

($PRE_ B _ ANGLE] Is the angle that the line between two measured 
points makes with the XY axis plane 

[$ANGLE_ERROR] Interacts with B word. If present, and the value of 
($PRB_A_ANGLE] or [$PRB_B_ANGLE] exceeds 
the tolerance expressed by the B word 
[$ANGLE ERROR] is set true. 

G51.2 Rotary Axis Measurement 
Program Words 

Word Description Comments 

Position Z Word The expected Z axis position of the 

z - i-l-l surface to be measured. 

D 
lC/Y 

PWord X axis incremental distance between 
z lt1 the two Z axis measurements. 

If the rotary axis is a B axis (that is, 

G 
rotates about the Y axis) P must be 
programmed, specifying two mea-
surements separated by an X incre-
ment. 

X/Y 

R Word Y axis incremental distance between 
z 1 i-1 the two Z axis measurements. 

If the rotary axis is A axis (that is, ro-

CL) 
tates about the X axis) R must be pro-
grammed, specifying two measure-
ments separated by an Y increment. 

x/r 

Over travel Distance D Word Non-modal probe over travel dis-
tance allowed beyond the pro-
grammed X, Y, or Z dimension. If D 
is absent, no over travel beyond the 
programmed end point is allowed. 
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G51.2 Rotary Axis Measurement 
Program Words (continued) 

Word Description 

Probe Process Q Word 

I 

Angle Tolerance B Word 

z l 

c- r 
XjY 

Offset Type H Word 

Comments 

QO Double Hit 
01 Si ogle Hit 
lf a probe hit occurs during the ap
proach move and the Q word speci
fies a single hit cycle. the coordinates 
of the point of contact of the probe 
are stored in system register 
[$PRB]OS_MC] and 
[$PRB]OS_PC). 
If the Q word is zero or absent, speci
fying a double hit cycle, tbe probe re
tracts from the initial hit location 
along the approach vector by the 
Probe Gage Height distance cycle pa
rameter. A second approach move at 
the Probe Measurement F eedrate 
cycle parameter is used to make the 
final measurement of the surface 
location, which is stored in system 
registers [$PRB_POS_MC] and 
[$PRB POS PC]. 

Non-modal angle tolerance for the 
measured angle of tb.e surface. 
If the B word is present and the value 
of system register 
[$PRB_A_ANGLE] or 
[$PRB _ B _ ANGLE] exceeds the tol
erance expressed by the B word, sys
tem register [$ANGLE_ERRORJ is 
set n-ue. 

Non-modal rotary axis coordinate 
offset to be set hased on the measured 
angular error from the expected angle 
of the rotary a.xis. 
HO: Set Multiple Setup Offset for A 
rotary axis (jf P word is programmed) 
or B rotary axis (if R word is pro
grammed) to adjust the current posi
tion by the measured angle. The re
sult of activating the offset is to make 
the measured surface horizontal. 
H absent: Do not set Setup Offset. 
Refer to What Offsets Can Be Ad
justed on the following pages for 
additional iuformatiou. 

Page 2-31 



G51.2 Rotary Axis Measurement 
Program Words (continued) 

Word Description Comments 

Offset Number O Word Non-modal Multiple Setup Offset 
number to be set 
With HO set Multiple Setup Offset re-
cord specified by O word. If no 0 
word is present current Multiple Set-
up Offset adjusted. 
With H word absent, Multiple Setup 
Offset is not updated. However, com-
puted values are stored in system reg-
isters [$PRB_A_ANGLE] or 
[$PRB _ B _ ANGLE] 
Refer to What Offsets Can Be Ad-
justedon the following pages for 
additional information. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register [$PROBE_HIT] 
false or set [$ANGLE_ERROR) true 
and continue NC program Execution. 
Refer to What Offsets Can Be Ad-
justed Offset Tolerance on the fol-
lowing pages for adclitional informa-
tion. 
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G51 .2 Cycle Action 

Touse051.2, the NC program first positions the rotary axis (Aor B) to place 
the feature to be measured in the horizontal position. Nex1. move the probe 
to a position midway between the two locations to be measured and a 
suitable distance above the surface. 

1. Move in the+ duection by P/2inX(if Pword isprogrammed)or R/2in 
Y (if R word is programmed). Probe in Z axis. 

2. If probe bit occurs, Z coordinate is stored in system registers 
[$PRB_POS_MCJ and [$PRB_POS_PC]. 

3. If Q word is zero or absent (double hit) the probe retracts from the 
initial hit location along the approacl1 vector by cycle parameter Probe 
Gage Height distance. A second approach move at cycle parameter 
Probe Measurement F eedrate is used to make the final measurement 
of the surface location. 

4. The Probe retracts to the original Z axis position. then moves by -P 
word or -R word and repeats measurement as before. 

5. At the conclusion of the 051.2 cycle, the probe returns to its position 
prior to the 051.2 block execution regardless of whether or not a probe 
hit was detected. 

Cycle Action Sample Drawing 

Drawing Definition 
Reference 
Number 

1 Initial Probe Position 

2 First measurement position 

3 Second measurement position 

4 Overtravel distance (D word) 

5 Probe target Position 

6 System register angle tolerance ($PRB A ANGLE] or [$PRE B ANGLE] (B word) 

7 A or B axis position 

8 incremental measurement distance between two points (P or R word) 
9 expected surface location (Z word) 

8 
✓ 1 

2 
3 ~ 6 

I( 

I i +- 9 
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What Offsets Can Be Adiusted 

GSl.2 can adjust rotary axis (A or B) error by using the computed value in 
system register [$PRB_A_ANGLE] or [$PRB_A_ANGLE]. TheH and 0 
words are used to adj ust setup offset coordinates to make the surface level. 

Note: if the H word is absent, no offset data is acted oo. 

Setting Active Setup Offsets 

G51.2 HO ; Adjust current active setup for A (if Pis programmed) or B (if 
R is programmed 

Setting Selected Setup Offsets 

051.2 HO 03; Adjust setup record 3 for A (if Pis programmed) or B (ifR 
is programmed 

Offset Tolerances 

If the second G51.2 block specifies a B word, and the value in system 
register f$PRB _ A_ANGLE] or. [$PRB _ B _ ANGLE] exceeds the tolerance 
expressed by the B word. System register [$ANGLE_ERROR] is set true. 

Tblerance reporting is determined by the E word. 

If the E word is absent, a_o alarm is reported and the NC program halts. 

lfthe E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test system 
registers [$ANGLE_ERROR] and [$PROBE_HIT] to determine 
whether or not the cycle completed it measurement. 

G51.2 Programming Considerations 

• 

• 

• 

• 

• 

• 

Prior to executing the G51 .2 cycle, the NC program must position the 
probe near the angle to be measured. 

The probe moves from the current position toward the programmed 
endpoint at the cycle parameter Probe Approach Feedrate. 

1f the rotary axis is an A axis (that is, rotates about the X axis) the R 
word must be programmed specifying two measuremenLs separated by 
a Y increment. 

If the rotary axis is an B axis the P word must be programmed 
specifying two measurements separated by a X increment. 

If no probe hit is detected, system register [$PROBE_HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward tbe part is made at cycle parameter Probe 
ApproachFeedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height pJus the D word value (or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 
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G51.3 Angle Measurement in X or Y Plane (Optional) 

G51.3 measures the angle that a vertical surface makes with the +X axis by 
measuring the X or Y axis difference between two points. The angle of the 
line between the two measured points makes w ith the +X axis is computed 
and stored in the following system register: 

[$PROBE_HIT] Set true non-zero with probe hit 

($PRB_POS_MC] X or Y machine coordinate data when probe hit occurs 

[$PRB _ POS _ PC] X or Y program coordinate data when probe hit occurs 

[$PRB_ANGLE] Is the angle that the line between two measured points 
makes with the +X axis 

[$PRB_ANGL_ERR] This value is the computed angular error between the 

Note: 

measured and the expected angle A word if provided. 

T he measured angle is made available to the NC program, which 
can use it to rotate the coordinate system in the XY plane using 
the Type II ROT block. 

G51.3 Angle Measurement in X and Y Plane 
Program Words 

Word Description Comments 

Location X Word The expected X axis position of the 

y 
surface to be measured midway be-
tween the two points of measure-
ments. R word is required. 

•1 0 ~ 

.,;:::_ 
X 

R Word Incremental Distance Is the distance between the two mea-
surements in the Y axis. 

y 
If the X location of the expected sur-
face is specified, R must be pro-

~ 
gra'mmed, specifying two measure-
ments separated by Y axis increment. 

X 

Location Y Word The expected Y axis position of the 
surface to be measured midway be-

y tween the two points of measure-

h 
ments. P word is required. 

r X 
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G51.3 Angle Measurement in X and Y Plane 
Program Words (continued) 

Word Description Comments 

P Word lncremental Distance ls the distance between the t\vo mea-
surements in the X axis. 

y 
If the Y location of the expected sur-

m 
face is specifie.d, R must be pro-
grammed, spedfying two measure-

8 ments separated by X axis increment. 

l< 

Over travel Distance D Word Non- modal probe over travel dis-
tance allowed beyond the pro-
grammed X or Y dimension. If D is 
absent, no over travel beyond the pro-
grammed end point is allowed. 

Nominal Angle A Word Is the non-modal or expected angle 
}" of the measured surface with the +X 

axis. If tl1e A word is not pro-

d 
grammed, zero is assumed. 
The angle between the two measured 

• points is stored in sy'stem register 
[$PRB_ANGLE]. 

X If the A word is present, the error be-
tween the measured and expected 
angle (A word or zero degrees) is 
stored in system register 
($PRB ANGL ERR] 

Angle Tolerance B Word Is the non-modal angle tolerance for 
l' the measured angle of the surface. 

If the B word is present and tb.e value 
',,,/ of system register 

~ [$PRB_ANGL_ERR] exceeds the 

•L tolerance expressed by the B word, 
system register [$ANGLE_ERROR] - is set true. }! 
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G51 .3 Angle Measurement in X and V Plane 
Program Words (continued) 

Word Description Comments 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register [$PROBE_HIT] 
false or set [$ANGLE_ERROR] true 
and continue NC program Execution. 

Probe Process Q Word QO Double Hit 

l: 
Ql Single Hit 
If a probe hit occurs during the ap-

? 
proach move and the Q word speci-
fies a single hit cycle, the coordinates 

) • of the point of contact of the probe 
are stored in system register 

I [$PRB_POS_MC] and 
[$PRB_POS_PC]. 
If the Q word is zero or absent, speci-
fying a double hit cycle, the probe re-
tracts from the initial hit location 
along the approach vector by the 
Probe Gage Height distance cycle pa-
rameter. A second approach move at 
the Probe Measurement Feedrate 
cycle parameter is used to make the 
final measurement of the surface 
location, which is stored in system 
registers [$PRB_POS_MC] and 
[$PRB_POS_PCJ. 
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G51.3 Cycle Action 

To use 051.3, the NC program first positions the probe to a position midway 
between the two locations to be measured and at a suitable distance away 
from the surface in X and Y axes, and at a suitable Z axis depth. 

1. Move in the+ direction by P /2 in X (if P word is programmed) or R/2 in 
Y (if R word is programmed). 

2. If probe hit occurs, X or Y coordinate are stored in system registers 
[$PRB_POS_MC] and [$PRB_POS_PC]. 

3. If Q word is zero or absent (double hit) the probe retracts from the 
initial hit location along the approach vector by cycle parameter Probe 
Gage Height distance. A second approach move at cycle parameter 
Probe Measurement F eedrate is used to make the final measurement 
of the surface location. 

4. The Probe retracts to the original X or Y position, then moves by -P 
word or -R word and repeats measurement as before. 

5. At the conclusion of the 051.2 cycle, the probe returns to its position 
prior to the 051.2 block execution regardless of whether or not a probe 
hit was detected. 

Cycle Action Sample Drawing 

Drawing Definition 
Referenece 

Number 

1 Non-modal nominal or expected angle of the measured surface with the + X axis. If (A word) is not 
programmed, zero is assumed. (A word) 

2 Initial probe location 

3 Programmed X or Y axis location 

4 Y axis location of the expected surface ( P word) 
5 X axis location of the expected surface ( R word) 

2 
1 

T 
+X 5 

l_ 
y 

X 
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G51.3 Programming Considerations 

• 

• 

• 

• 

• 

• 

• 

• 

Prior to executing the G51.3 cycle, the NC program must position the 
probe near the angle to be measured. 

The probe moves from the current position toward the programmed 
endpoint at the cycle parameter Probe Approach Feedrate. 

If X location surface is specified the R word must be programmed. If Y 
location surface is specified the P word must be programmed 

If X and R words are specified, the two points to be measured is the R 
word distance apart in the Y axis, and the measurements are make by 
moving the probe parallel to the X axis. 

If Y and P words are specified, the two points to be measured is the P 
word distance apart in the X axis, and the measurements are make by 
moving the probe parallel to the Y axis. 

Angle measurement is made with respect to the +X axis, and is 
between +90 and 
-90 degrees. 

If no probe hit is detected, system register [$PROBE_ HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value (or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 
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G51.4 Measure Feature-to-Feature XV Plane (Optional) 

G51.4 obtains the measurement distance (in the XY axis plane) between 
two features. Basically, GSl.4 obtains previous surface measurement 
(G51.l. G75, G76, G77, G78 or G79) data to compute distance between 
parts. 

The data from the first measurement cycle (which can be any cycle that sets 
system register ($PRB_PART_LOC(X Y or Z)) is captured by program
ming 051.4 folJowing the probe cycle. The second G51.4 computes tbe 
distance between the first and second feature and can optionally test the 
distance against the expected values. 

Note: Distance measurements to anotheT feature or Part are always 
referenced from the first feature or Part 1 you define. The first feature or 
Part l is defined by programming GSl.4 with no program words. 

Example: 

G76 Xx Y x ; locate external corner of fi rst part 
G51.4; Use data obtained by G76 as reference point to Part 2 or Part 
.., 
.). 

XWord 

YWord 

A Word 

PWord 

BWord 

G51 .4 Measure Feature-to- Feature in XV Plane 
Program Words 

Word Description Comments 

Non-modal expected X axis signed 
incremental distances from Part 1 to 
Part 2. Either X and Y or A and P 
words must be programmed. 

Non-modal expected Y axis signed 
incremental' distances from Part 1 to 
Part 2. Either X and Y or A and P 
words must be programmed. 

Is the non-modal expected angle 
from the +X axis from Part 1 to Part 
2 .. Either X and Y or A and P words 
must be programmed. 

Is the non-modal expected distance 
from the +X ax.is from Part 1 to Part 
2. Either X and Y or A and P words 
must be programmed .. 

ls the non-modal angle tolerance for 
error between the measured angle the 
line makes from Pl to P2 and the ex-
pected angle specified by the A word 
or by the X and Y words. 

Offset Type H Word Non-modal type of offset to be set 
based on the true position error (HO -
H3) or size error HS: 
0 or not programmed Setup Offset 
1 Pallet Offset 
2 Fixture Offset 
3 Programmable Coordinate Offset 
5 Programmable Tool Offset 
Refer to What Offsets Can Be Ad-
justed at t11e end of this chapter for 
additional in.formation. 
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G51 .4 Measure Feature-to-Feature in XV Plane 
Program Words (continued) 

Word Description Comments 

Offset Number O Word Non- modal Multiple Setup Offset 
number to be set 
Optional with H = 0 
Is required with H = 2, 3, or 5 

TWord Non-modal tool reference or record 
number of the tool to be updated. 
Used with HS. 

R Word Non- modal cycle command used 
with Tword: 
0 or not programmed: outside mea-
surement, system register 
[$SIZE_ERROR) is added to the tool 
table diameter offset 
1: inside measurement, system regis-
ter [$SIZE_ERROR] is subtracted 
from the tool table diameter offset. 

UWord The non- modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and toler-
ance limit exceeded error is reported. 

VWord The non-modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with HS. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

FWord Non- modal feedback which controls 
the percent of feedback applied. 
Range values are from O to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 
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G51.4 Measure Feature-to-Feature in XV Plane 
Program Words (continued) 

Word Description Comments 

LWord Non- modal experience correction for 
setting tool offsets. 
The L word val ue on a surfact: mea-
suremeot probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on tbe ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

E Word Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register 
[$OUT_OF_TOL] or l$TOL_EX-
CEEDED] or f$ANGLE_ERROR] 
true and continue NC program execu-
tion. 
Refer to What Offsets Can Be Ad-
,justed Tool Offset TQlerance on the 
following pages for additional in-
foanatiou. 
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G51 .4 Program example 

The following program segment illustrates the basic concept of the G51.4 
cycle. 

r .. T ,. J 

~ l Jo 10 ~ 10 WORK SURFACE 

l 15 _l_ , 
1 

P1 P3 

P2 

+Y 

L 24 
+X 

48 

f J_ 
1 10 P1 P2 P3 I ..-------J-1 _ _..___~___._________.____~ 

G51 .4 Programming Example 

GO X9.75 Y-9.75; Move X and Y axes to the corner of Pl 
Z9.5; Position probe in Z axis .5 inch below the top of Pl 

G76 XlO Y-10 ; Find the corner of Pl 
G51.4 ; Use Pl as the reference distance to P2 and P3 
GO Zl0.5 ; Retract probe above Pl 

X33. 75 Y - 14. 75 ; Move X and Y axes to the corner of P2 
Z9.5 ; Position probe in Z axis .5 inch below the top of P2 

G76 X34 Y - 5 ; Find the corner of P2 
G51.4 X24 Y- 5 H2 0 2 ; Check distance between expected and measured distance and replace fixture offset 2 
GO Zl0.5 ; Retract probe above P2 

X57.75 Y-9.75 ; Move X and Y axes to the corner of P3 
Z9.5; Position probe in Z axis .5 inch below the top of P3 

G76 X58 Y-10; Find the corner of P3 
GSl.4 X48 YO H2 03 ; Check distance between expected and measured distance and replace fixture offset 3 
GO Zl0.5 ; Retract probe above P3 

Cincinnati Milacron 6- SP-98075- 1 Page 2-43 



Page 2-44 

What Offsets Can I Adjust 

Multiple Setup Coordinate Offset 

To set a setup coordinate system offset, GSl.4 uses HO and the O word to 
specify the Multiple Setup table value. If no O word is included, the 
Multiple Setup coordinate of the active setup is changed. 

G51.4 HO 02 ; Sets multiple setup table record 2 values 

X and Y coordinate offset of the Multiple Setup are changed by adding 
system register [$X_POS_ERROR] and [$Y_POS_ERROR] to the exist
ing setup X and Y offset respectively. Also, the Multiple Setup coordinates 
are relative to Pl and are not simply a set of program coordinates of P2. 

Setting A Pallet Offset 

For Pallet, Fixture and Programmable Offsets [$X_POS_ERROR] and 
[$Y _POS_ERROR] replace the previous offsets. 

GSl.4 Hl ; Set the active pallet table values 

Setting Fixture Offset 

To set a Fixture Offset, GSl.4 uses H2 and the O word to specify the Fixture 
Offset table value. 

GSl.4 H2 02; Set fixture offset table record 2 values 

For Pallet, Fixture and Programmable Offsets [$X_POS_ERROR] and 
[$Y _POS_ERROR] replace the previous offsets. 

Setting NC Programmable Offset 

To set an NC Programmable Coordinate Offset, G51.4 uses HS and the 0 
word to specify the NC Programmable Offset table value. 

G51.4 HS 02 ; Set NC Program Offsets table record 2 values 

For Pallet, Fixture and Programmable Offsets [$X_POS_ERROR] and 
[$Y_POS_ERROR] replace the previous offsets. 
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What Tool Offsets Can I apply 

G51.4 can adjust tool diameter by adding system register data [$SIZE_ ER
ROR] to the tool used to machine the features . Tool diameter offsets can 
be adjusted in two areas, the Programmable Tool Offset table and Tool Data 
Table. 

The G51.4 block must contain HS, the Tool Reference Number or Tool 
Record Number of the tool used to machine the features , and the O word to 
reference the Programmable Tool Offset table value or R word to reference 
the Tool Data Table value. 

Changing Programmable Tool Offset Table Diameter value 

Since this cycle can measure either the outside or inside of a part, the R word 
controls how system value [$SIZE_ERROR] is used to update the 
Programmable Tool Offset Table Diameter value. 

R Word: 

0 or not programmed: outside measurement, system register 
[$SIZE_ERROR] is added to the tool table diameter offset 

1: inside measurement, system register [$SIZE_ERROR] is sub
tracted from the tool table diameter offset. 

G51.4 H5 06 RO ; Adjust programmable tool offset table record 6 diameter 
by system register [$SIZE_ERROR] 

Since the R word is 0, Record number 6 (tool diameter) is changed by adding 
system register value [$SIZE_ERROR]. 

Changing Tool Table Diameter Offset value 

Since this cycle can measure either the outside or inside of a part, the R word 
controls how system value [$SIZE_ ERROR] is used to update the Tool Data 
Table Offset Diameter value. 

R Word: 

0 or not programmed: outside measurement, system register 
[$SIZE_ERROR] is added to the tool table diameter offset 

1: inside measurement, system register [$SIZE_ERROR] is sub
tracted from the tool table diameter offset. 

G51.4 HS T6 Rl; Subtract [$SIZE_ ERROR] value from tool table diameter 
offset value for tool number 6 
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Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the second GSl.4 block contains a V word and system register 
[$TRUE_POS_ERR] exceeds the V word value, [$0UT_OF TOL] is set 
true (non-zero). 

If the second G51.4 block contains a U word and system register 
[$TRUE_POS_ERR] exceeds the V word value, [$TOL_EXCEEDED] is 
set true (non-zero). 

If the second 051.4 block specifies a B word, it is the tolerance on the angle 
between the line from Pl to P2 and the +X axis. If system register 
[$PRB_ANGL_ERR) exceeds the B word value, system register 
[$ANGLE_ERROR] is set true. 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test system 
registers [$0UT_OF_TOL], [$TOL_EXCEEDED], and 
[$ANGLE_ERROR) to determine whether an error occurred. 

G51.4 Program Considerations 

• 

• 

• 

• 

• 

The first feature or Part 1 is defined by programming 051.4 with no 
program words. All reference to additional features or parts are taken 
from the first part (Pl) you define. 

The distance to Part 2 must be specified on the second 051.4 block. 

Tool diameter offset can not be set if the measurements were made 
using G78 or G79. 

X and Y or A and P signed incremental distance must be programmed 

To set the tool diameter offset in the Tool Table, the Two rd in the 051.4 
block must contain the Tool Reference Number or the Tool Record 
Number of the tool used to machine the part. 

To set a Programmable Tool Table Offset value the 051.4 block must 
contain H5 and the O word must contain the number of the 
Programmable Tool Offset to be adjusted. 
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G51.5 Measure Feature-to-Feature Z Plane (Optional) 

051.5 obtains the measurement distance (in the Z axis plane) between two 
features and the angle formed by the line between the two measurements 
and the XY plane. Basically, G51.5 obtains previous surface measurement 
(G51.l, G75, G76, G77, G78 or G79) data to compute distance between 
parts. 

The data from the first measurement cycle (which can be any cycle that sets 
system register [$PRB_PART_LOC(Z)) is captured by programming 
051.5 following the probe cycle. The second 051.5 computes the distance 
between the first and second feature and can optionally test the distance 
against the expected values. 

Note: 

Example: 

Distance measurements to another feature or Part are always ref
erenced from the first feature or Part 1 you define. The first fea
ture or Part 1 is defined by programming G51.5 with no program 
words. 

G77 Zx ; locate surface of first part 
G51.5 ; Use data obtained by G77 as reference point to Part 2 or Part 3. 

G51.5 Measure Feature-to-Feature Z Plane 
Program Words 

Word Description Comments 

ZWord Non-modal expected Z axis signed 
incremental distances from Part 1 to 
Part 2. The Z word is required. 

A Word Is the optional non-modal expected 
angle from the XY plane to the line 
from Part 1 to Part 2. 

PWord Is the optional non-modal expected 
distance between Part 1 to Part 2 in 
the XY plane. 

BWord Is the non-modal angle tolerance for 
error between the measured angle the 
line makes from Pl to P2 and the ex-
pected angle specified by the A word 
or by the Z and P words. 
If the B word is programmed, either 
the A word or P word must be pro-
grammed. 

Offset Type H Word Non-modal type of offset to be set 
based on the true position error (HO -
H3) or size error HS: 
0 or not programmed Setup Offset 
1 Pallet Offset 
2 Fixture Offset 
3 Programmable Coordinate Offset 
5 Programmable Tool Offset 
Refer to What Offsets Can Be Ad-
justed on the following pages for 
additional information. 
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G51.5 Measure Feature-to-Feature Z Plane 
Program Words (continued) 

Word Description Comments 

Offset Number O Word Non-modal Multiple Setup Offset 
number to be set 
Optional with H = 0 
Is required with H = 2, 3, or 5 

TWord Non- modal tool reference or record 
number of the tool to be updated. 
Used with HS. 

UWord The non- modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and toler-
ance limit exceeded error is reported. 

VWord The non-modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with HS. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

FWord Non- modal feedback which controls 
the percent of feedback applied. 
Range values are from O to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 
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G51.5 Measure Feature-to-Feature Z Plane 
Program Words (continued) 

Word Description Comments 

LWord Non-modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma• 
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register 
[$OUT_OF _TOL] or [$TOL_EX-
CEEDED] or [$ANGLE_ERROR] 
true and continue NC program execu-
tion. 
Refer to What Offsets Can Be Ad-
justed Tool Offset Tolerance on the 
following pages for additional in-
formation. 
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G51.5 Program example 

The following program segment illustrates the basic concept of the G51.5 
cycle. 

,,,. .. 
T'41 ~ 

10 ---i 10 ~ l WORK SURFACE 

l 15 

la 
P1 

P2 

L J 24 ~ 

+X ·~ 48 

+Z ! 
j_ 

1 14 
10 P1 P2 

~ 

GO X12.0 Y -12.0 ; Move X and Y axes to the top of Pl surface 
Zl0.25 ; Position probe in Z axis .25 inch above the top of Pl 

G77 ZlO D.l; Find the top surface of Pl 
G51.5 ; Use Pl as the reference distance to P2 and P3 
GO Z15.5 ; Retract probe above P2 for clearance 

X35.0 Y-16.0; Move X and Y axes above surface of P2 
Zl4.25 ; Possition probe .25 above P2 

G77 Z14 D.1 ; Find the surface of P2 
G51.5 Z14 HS T2 ; Check distance and adjust tool table length for T2 
GO Z15.5 ; Retract probe 

X59 Y - 12.0 ; Move X and Y axes above surface of P3 
Zl 2.25 Position probe .25 above P3 

G77 ZlZ D.1; Find surface of P3 

1 
_j_ 

P3 

; 

j_ 
12 P3 

GSl.5 Z12 HS T2 0 2 ; Check distance and adjust programmable tool offset table record 2 length 
GO Zl2.5 ; Retract probe 
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What Offsets Can I Adjust 

Multiple Setup Coordinate Offset 

To set a setup coordinate system offset, GSl.S uses HO and the O word to 
specify the Multiple Setup table value. If no O word is included, the 
Multiple Setup coordinate of the active setup is changed. 

G51.5 HO 02 ; Sets Z axis multiple setup table record 2 value 

Z axis coordinate offset of the Multiple Setup are changed by adding system 
register [$Z_POS_ERROR] to the existing setup Z offset respectively. 
Also, the Multiple Setup coordinates are relative to Pl and are not simply 
a set of program coordinates of P2. 

Setting A Pallet Offset 

For Pallet, Fixture and Programmable Offsets [$X_POS_ERROR] and 
[$Y_POS_ERROR) replace the previous offsets. 

GSl.S Hl ; Set the active pallet table values 

Setting Fixture Offset 

To set a Fixture Offset, GS 1.S uses H2 and the O word to specify the Fixture 
Offset table value. 

GSl.S H2 02; Set Z axis fixture offset table record 2 value 

For Pallet, Fixture and Programmable Offsets [$X_POS_ERROR] and 
[$Y_POS_ERROR] replace the previous offsets. 

Setting NC Programmable Offset 

To set an NC Programmable Coordinate Offset, GSl.S uses HS and the 0 
word to specify the NC Programmable Offset table value. 

GSl.S HS 02; Set Z axis NC Program Offsets table record 2 value 

For Pallet, Fixture and Programmable Offsets [$X_POS_ERROR] and 
[$Y _POS_ERROR] replace the previous offsets. 

What Tool Offsets Can I apply 

GSl.S can adjust tool length by adding system register data [$SIZE_ER
ROR] to the tool used to machine the features. Tool length offsets can be 
adjusted in two areas, the Programmable Tool Offset table and Tool Data 
Table. 

The GSl.5 block must contain HS, the Tool Reference Number or Tool 
Record Number of the tool used to machine the features, and the O word to 
reference the Programmable Tool Offset table value or R word to reference 
the Tool Data Table value. 

Changing Programmable Tool Offset Table Length value 

G51.4 HS 06 ; Adjust programmable tool offset table record 6 length by 
system register [$SIZE_ ERROR] 
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Record number 6 (tool length) is changed by adding system register value 
[$SIZE_ERROR]. 

Changing Tool Table Length Offset value 

051.4 HS T6 Rl ; Adjust programmable tool table length value for tool 
number 6 by system register [$SIZE_ERROR] 

Tool Table Record number 6 (tool length) is changed by adding system 
register value [$SIZE_ERROR]. 

Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the second G51.5 block contains a V word and system register 
[$TRUE_POS_ERR] exceeds the V word value, [$OUT_OF TOL] is set 
true (non-zero). 

If the second G51.5 block contains a U word and system register 
[$TRUE_POS_ERR] exceeds the V word value, [$TOL_EXCEEDED] is 
set true (non-zero). 

If the second G51.5 block specifies a B word, it is the tolerance on the angle 
between the line from Pl to P2 and the + X axis. If system register 
[$PRB_ANGL_ERR] exceeds the B word value, system register 
[$ANGLE_ERROR] is set true. 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the Eward= l,no alarm is reported andNCprogram continues with 
the next block. When the E word is 1 the NC program test system 
registers [$OUT_OF_TOL], [$TOL_EXCEEDED], and 
[$ANGLE_ERROR] to determine whether an error occurred. 

G51.5 Program Considerations 

• 

• 

• 
• 

• 

• 

The first feature or Part 1 is defined by programming G51.5 with no 
program word:s. All reference to additional features or parts are taken 
from the first part (Pl) you define. 

The distance to Part 2 must be specified on the second G51.5 block . 

Z word must be programmed . 

When theB word is programmed, either A and P must be programmed . 

To set the tool length offset in the Tool Table, the T word in the G51.5 
block must contain the Tool Reference Number or the Tool Record 
Number of the tool used to machine the part. 

To set a Programmable Tool Table Length Offset value the G51.5 block 
must contain HS and the O word must contain the number of the 
Programmable Tool Offset to be adjusted. 
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G72 Calibrate Probe Dimension 

G72 performs a complete calibration of the probe. Calibration measures 
two separate quantities: the amount by which the center of the stylus is offset 
from the spindle centerline and the effective stylus size (measured from the 
centerline to the contact point) in the+ X, - X, + Y and - Y directions (for XY 
calibration no A word) or at 30 degree intervals (for 360 degree calibration 
when A word is 1). 

Before G72 can be executed, the probe must be positioned such that the 
spindle centerline is concentric with the centerline of a reference hole of 
known dimension, and the tip is located just below the hole surface. 

Note: Ensure the probe tip Nominal Diameter value is entered in the 
Tool Data Table. A typical value might be .236 inch. 

G72 Calibrate Probe Dimension 
Program Words 

Word Description Comments 

Probe Diameter P Word The P word is the unsigned non
modal diameter of the reference 
hole being used for calibra
tion.Computed Spindle Centerline 
calibration Offset values are stored 
in tool data table fields 

I , I 

A Word 

X Probe Offset and Y Probe 
Offset 

SPINDLE 1 CENTER 
LINE 

PROBE ~ 
OFFSET ~~ 

Computed dimensions of the stylus 
tip are stored in Probe Cycle Param
eter Table fields: 
+X Stylus Tip Dimension 
-X Stylus Tip Dimension 
+ Y Stylus Tip Dimension J 
- Y Stylus Tip Dimension 

STYLUS 
TIP 
OFFSET- ~ 

At the conclusion of calibration, the 
probe positions at the cycle start 
location or not programmed XY 
axis calibration selected 

AO or not programmed XY axis cal
ibration selected 
Al 360 degree calibration is selected. 
Calibration values are stored in sys
tem register [$PROBE_ CALIB] 
If the probe type is capable of opera
tion at any spindle angle, an A word 
of 1 will cause the spindle to enter C 
axis mode. The spindle will rotate 30 
degrees for each of 12 hits at 30 de

gree increments. 
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G73 Set Probe Stylus Tip Dimensions 

G73 performs the same calibration procedures as G72. The difference 
between these G codes is G73 does not update Tool Data Table fields X 
Probe Offset and Y Probe Offset. G73 will use Tool Data Table fields X 
Probe Offset and Y Probe Offset values during the measurement process, 
but will only update Cycle Parameter Stylus Tip Dimensions +X, - X, + Y, 
- Y. Basically, this gives you the flexibility if more than one probe is used, 
or if the tip dimensions must be recalibrated without recomputing the Probe 
Stylus Offset. Also, keep in mind only the last set of calibrated Stylus Tip 
Dimension values are retained by the control. 

Before G72 can be executed, the probe must be positioned such that the 
spindle centerline is concentric with the centerline of a reference hole of 
known dimension, and the tip is located just below the hole surface. 

Note: Ensure the probe tip Nominal Diameter value is entered in the 
Tool Data Table. A typical value might be .236 inch. 

G73 Set Probe Stylus TipDimensions 
Program Words 

Word Description Comments 

Probe Diameter P Word The P word is the unsigned non
modal diameter of the reference 
hole being used for calibration. G73 
will use Tool Table Values 

- P 

A Word 

X Probe Offset and Y Probe Offset 

Computed dimensions of the stylus 
tip are stored in Probe Cycle Param
eter Table fields: 
+ X Stylus Tip Dimension 
-X Stylus Tip Dimension 
+ Y Stylus Tip Dimension 
- Y Stylus Tip Dimension 

At the conclusion of calibration, the 
probe returns to the Cycle Start 
Position 

AO or not programmed XY axis cal
ibration selected 
Al 360 degree calibration is selected, 
Calibration values are stored in sys
tem register [$PROBE_ CALIB] 

Cincinnati Milacron 6-SP-98075-1 

• "I. 



Cincinnati Milacron 6- SP- 98075-1 

G74 Set Probe Length 

The G74 Set Probe Length cycle measures the dynamic probe length and 
saves the value in the Tool Data Table field Length for the probe. The 
dynamic length is the distance from the tool reference surface ( spindle nose) 
to the tip of the probe at the instant the probe registers a hit. 

Prior to performing the G74 cycle, the approximate length of the probe 
stylus must be entered into the Tool Data Table. This approximate length 
must be accurate to ± the Probe Gage Height cycle parameter value. The 
probe is then loaded into the spindle and positioned above ( along the Z axis) 
a reference surface of known position. 

G73 Set Probe Stylus Tip Dimensions 
Program Words 

Word Description Comments 

Reference Surface Z Word Specifies the Optional absolute Z 
coordinate of the reference surface in 
program coordinates 

z 

y 

Executing G74 causes the probe to 
move in the minus Z direction until a 
hit is detected. After the probe hit, 
the probe retracts to Probe Gage 
Height above the surface detected. 
The probe's Tool Length field in the 
tool table is updated with the dynamic 
probe length. If the Z word is not 
present in the G74 block, the Tram 
Swface value is used. 
Note: To protect the probe and ma
chine from damage, the maximum 
depth of the Z axis move is limited to 
Probe Gage Height below the refer
ence surface dimension, using the 
approximate probe tool length present 
in the tool table when the G74 cycle 
starts. 
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[$PROBE_HIT) 

[$PRB_PART_LOC(X)] 
[$PRB]ART_LOC(Y)] 
[$PRB PART LOC(Z)] 

($PRB _POS _ MC(X,Y, Z)] 
[$PRE POS PC(X,Y, Z)] 

[$PRB _ X _ANGLE] 

[$PRB Y ANGLE] 

[$PRB_INCL_ANG] 
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G75 Probe to Locate Internal Corner 

This cycle is used to locate the X, Y, and Z dimensions of an inside corner 
whose sides are parallel or nearly parallel to the X, Y, and Z axes. for true 
corner lucatiun 075 provides a B word for angle measurement of the X and 
Y axis surface. Once measurement is made, the following system register 
store the data. 

St:t rrue non-zero with probe hit 

records the true corner location of the axis used to take measurement 

records X, Y, and Z machine coordinates, and program coordinate surface locations of the 
last probe hit when detected 

Angle of the X axis surface located 

Angle of the Y axis surface located 

If both X and Y are included in the G75 block, and the optional incremental move 
(G51.3, G51.4, or G51.5 ) to a second measurement position is specified, the included 
angle value is used. 

G75 Set Probe to Locate Internal Corner 
Program Words 

Word Description 

Position X Word 
z 

Position Y Word 
z 

Position Z Word 
z 

Comments 

Specifies nominal inside location of 
the corner in X axis. 

Specifies nominal inside location of 
the corner in Y axis. 

Specifies nominal inside location of 
the corner in Z axis. 
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G75 Set Probe to Locate Internal Corner 
Program Words (continued) 

Word Description 

Optional I Word Reset Coordinate 

z y 

Optional J Word Reset Coordinate 

z 
' 

y 

Optional K Word Reset Coordinate 

2 • 

D Word Overtravel Distance 

P Word Incremental Distance (Opt.) 
l:i 

X 

Comments 

Optional non- modal X axis program 
coordinates to assign to the measured 
corner location or to be used for com
puting offsets 
See Changing Coordinates on the fol
lowing pages for additional informa
tion. 

Optional non-modal Y axis program 
coordinates to assign to the measured 
corner location or to be used for com
puting offsets 
See Changing Coordinates on the 
following pages for additional infor
mation. 

Optional non-modal Z axis program 
coordinates to assign to the measured 
corner location or to be used for com
puting offsets 
See Changing Coordinates on the fol
lowing pages for additional informa
tion. 

Non-modal probe over travel dis
tance allowed beyond the pro
grammed X or Y dimension. If D is 
absent, no over travel beyond the pro
grammed end point is allowed. 

Non- modal signed X axis incremen
tal distance to the second measure
ment location. If P is present, X and 
Y must also be programmed. 
When used, the computed angle or 
the corner is stored in system register 
[$PRB _ X _ ANGLE] 
If the P word is absent only a single 
measurement is made in the Y axis. 
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G75 Set Probe to Locate Internal Corner 
Program Words (continued) 

Word Description Comments 

R Word Incremental Distance (Opt.) Non-modal signed Y axis incremen-
z 

r ' r 
tal distance to the second measure-
ment location. If R is present, X and 

/2; • Y must also be programmed. 
When used, the computed angle or 
the corner is stored in system register 

-7-~ 1/ - [$PRB _X_ANGLE] 
1- .; --- If the R word is absent only a single 

Cl 
)( measurement is made in the X axis. 

B Word Angle Tolerance (Opt.) Is the non-modal angle tolerance for 

y ..J. the measured angle of the X and Y 
~ r+ surface. 

If either system registers 

Cr [$PRB_X_ANGLE] or 
[$PRB_ Y _ANGLE] is outside to± 
the B word, system register 

~ [$ANGLE_ERROR] is set true. 
Note: the B word value is equal to 
half of the total angle tolerance. 

0 Word defines offset number to be Optional with H = 0 
set. Required with H = 2 or 3 ignored 

otherwise 

H Word Type of offset to be set based 0 or not programmed: Setup Offset 
on I, J, K words. Actions of this 1 = Pallet Offset 
word are effected by the O word. 2 = Fixture Offset 

3 = Programmed Coordinate Offset 
Refer to What Offsets Can Be Ad-
justed on the following pages for 
additional information. 

EWord E0 or not programmed abort and re-
port an alarm. 
El Set system regis-
ter[$PROBE _ HIT] false and continue 
NC program execution. 
Refer to What Of'l'sets Can Be Ad-
justed Tolerance on the following 
pages for additional information. 
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G75 Set Probe to Locate Internal Corner 
Program Words (continued) 

Word Description Comments 

Probe Process Q Word QO Double Hit 

l: 
Ql Single Hit 
If the Q word value is 1, specifying a 

? single hit cycle, the measurements are 
made during the initial move toward 

) • the part at the Probe Approach Fee-
drate cycle parameter. 
If the Q word is absent or zero, speci-
fying a double hit cycle, the initial 
move toward the part is made at the 
Probe Approach Feedrate cycle pa-
rameter. 
When the probe hits the part, ~it 
retracts by the Probe Gage Height 
cycle parameter, then executes a sec-
ond approach span limited to twice 
the Probe Gage Height at the Probe 
Measurement Feedrate cycle parame-
ter for the actual data acquisition. 

UWord The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and taler-
ance limit exceeded error is reported. 

VWord The non-modal V word specifies a 
tolerance which the measured error is 
applied to the specified tool offset 
and above which the offset is updated 
but an out of tolerance error is re-
ported. 

Cincinnati Milacron 6-SP-98075-1 Page 2-59 



Page 2-60 

G75 External Corner Cycle Action 

Measure X Coordinate Of The Corner 

1. Advance along the X axis toward the programmed nominal value and 
record the probe hit position. 

2. Return to the start position. 

3. Report hit status based on the E word. 

4. If R word is programmed, advance along the Y axis by the signed R 
increment, then make a second measurement in X axis by moving 
toward the programmed X value and record the probe hit position. 

5. Return to the position. 

6. Report hit status based on the E word. 

7. Perform any required offsets 

Measure Y Coordinate Of The Corner 

1. Advance along the Y axis toward the programmed nominal value and 
record the probe hit position. 

2. Return to the start position. 

3. Report hit status based on the E word. 

4. If P word is programmed, advance along the X axis by the signed P 
increment, then make a second measurement in Y axis by moving 
toward the programmed Y value and record the probe hit position. 

5. Return to the start position. 

6. Report hit status based on the E word. 

7. Perform any required offsets 

Measure Z Coordinate Of The Corner 

1. Advance along the Z axis toward the programmed nominal value and 
record the probe hit position. 

2. 

3. 

4. 

Return to the start position. 

Report hit status based on the E word. 

Perform any required offsets 
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Cycle Action Sample Drawing 

G75 With Sides Parallel To X and Y axis 

Drawing Definition 
Reference 
Number 

1 Probe Start Point 

2 Nominal corner location (programmed X, Y, Z) 

3 Incremental distance to the second measurement location (P word) 

4 Incremental distance to the second measurement location (R word) 

First measurement is made in X direction position 1 (Pl) 
Second measurement is made in X direction if R word is present position 2 (P2) 
Third measurement is made in Y direction position 3 (P3) 
Fourth measurement is made in Y direction if P word is present position 4 (P4) 

2 

y 

L X 

P3 P4 
P1 1 _j_ 

P2 ----l!
-l 3 ~T 

G75 With Sides Not Parallel To X and Y axis 

Drawing Definition 
Reference 
Number 

1 Initial Probe Position 

2 Nominal Comer location (programmed X, Y, Z) 

3 Incremental distance to the second measurement location (P word) 

4 Incremental distance to the second measurement location (R word) 

5 Represents Y axis probe angle [$PRB_ Y _ANGLE] 

6 Represents X axis probe angle [$PRB X ANGLE] 

First measurement is made in X direction position 1 (Pl) 
Second measurement is made in X direction if R word is present position 2 (P2) 
Third measurement is made in Y direction position 3 (P3) 
Fourth measurement is made in Y direction if P word is present position 4 (P4) 

2 6 
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[$X _POS _ERROR] 
[$Y_POS_ERROR] 
[$Z POS ERROR] 

[$TRUE POS ERR] 
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What Offsets Can Be Adjusted 

Following a successful corner measurement, the measured position of the 
corner can be used to set a coordinate offset. The selection of which offset 
to adjust is controlled by the optional parameters specified. In order to set 
any offset, at least one of the I, J, or K words corresponding to the axis or 
axes (X, Y, or Z that was measured) must be specified. The following 
system registers are used to compute offset data: 

The difference between the I, J, and K word value and the measured position if both X and I are 
programmed, if both Y and J are programmed, or if both Z and K are programmed 

is the true position error vector value of the corner located 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X, Y, or Z axis can be 
changed when the H word is O or absent, and the O word is absent. The X, 
Y, or Z axis position, and I, J, and K word values are used to compute the 
corner offset. The control performs a 092.1 Position Set to the active setup 
offset values. 

G75 XlO Y12 Z-10110.2112.2 K-10.2; Find corner and update current 
active multiple setup offset 

Setting Selected Setup Offsets 

To set the coordinates for a setup other than the active setup, the G77 block 
must contain the I, J, and K words and specify the number of the setup by 
using the O word. The X, Y, or Z axis coordinate of the setup specified by 
the O word is changed by setting the measured corner location to the I, J, 
or K value respectively. 

G75 Xl0 Y12 Z-10 110 112 K-10 02; Find corner and update multiple 
setup offset 2 

Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set the X, Y, or Z axis component of one of these offsets, the H word 
specifies the type of offset, and the O word specifies which offset, and the 
offset is computed from the measured corner position and the I, J, and K 
word value. The following examples will write offset values to their 
respected tables. 

Setting a Pallet Offset 

G75 Xl0 Y12 Z-10 110 112 K-10 Hl Set the current active pallet 
coordinate offset values 

Setting a Fixture Offset 

075 XlO Y12Z-10110112 K-10 H2 03; Set Fixture offset 3 coordinate 
offset values 

Setting a Programmable Coordinate Offset 

G75 XlO Y12Z-10110 J12 K-10 H3 05; Set Programmable coordinate 
offset 5 values 
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Tolerances 

The U and V word specify the upper tolerance limit and the tolerance 
respectively. 

If a tolerance error occurs because the position error exceeds the V 
word value, system register [$OUT_ OF _TOL] is set true (non-zero). 

If the error exceeds the U word value, system register [$TOL_EX
CEEDED] is set true 

If the measured X and Y angles exceed the B word value system 
register [$ANGLE_ERROR] is set true. 

The E word determines what action is taken as follows: 

If the E word is zero or absent, an alarm is reported and the NC program 
halts. 

If the E word is 1, no alarm is reported and NC program execution 
continues with the next block. When the E word value is 1, system 
register [$PROBE_ HIT] is tested to determine whether or not the cycle 
completed its measurement. Also, the NC program test 
[$OUT_OF _TOL), [$TOL_EXCEEDED], and [$ANGLE_ERROR] 
to determine whether an error occurred. 

G75 Programming Considerations 

• 

• 

• 

• 

• 

Prior to executing the 075 cycle, the NC program must position the 
probe near the inside corner to be located. 

For each axis programmed in the G75 block the probe moves from the 
current position toward the programmed endpoint in X, Y, or Z at the 
cycle parameter Probe Approach F eedrate. 

If any axis is omitted X, Y, or Z, no motion occurs along that axis . 

If one axis is omitted, the corner is measured in the other two axes. In 
this case, the omitted axis must be positioned so that the probe stylus 
will hit the surfaces making up the corner to be measured. 

If the D word is present, it specifies the allowable overtravel beyond 
the programmed X, Y, or Z dimension. If the D word is absent, the 
allowable overtravel is the same as the distance from the initial 
position to the programmed X, Y, or Z dimension. 

If no probe hit is detected, system register [$PROBE_ HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage lleight. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second approach span 
limited to twice the Probe Gage Height at cycle parameter Probe 
Measurement Feedrate for the actual data acquisition. 
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[$PROBE HIT] 

[$PRB_PART_LOC(X)] 
($PRB_PART_LOC(Y)] 
[$PRB _PART_ LOC(Z)] 

[$PRB_POS_MC(X,Y, Z)] 
[$PRB_POS_PC(X,Y, Z)] 

[$PRB X ANGLE] 

[$PRB Y ANGLE] 

[$PRB_INCL_ANG] 
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G76 Probe to Locate External Corner 

This cycle is used to locate the X, Y, and Z dimensions of an outside corner 
whose sides are nearly parallel to the X, Y, and Z axes. For true comer 
location G76 provides a B word for angle measurement of the X and Y axis 
surface. Once measurement is made, the following system register store the 
data. 

Set true non-zero with probe hit 

records the true corner location of the axis used to take measurement 

records X, Y, and Z machine coordinates, and program coordinate surface locations of the 
last probe hit when detected 

Angle of the X axis surface located 

Angle of the Y axis surface located 

If both X and Y are included in the G76 block, and the optional incremental move 
(GSl.3, GSl.4, or GSl.5) to a second measurement position is specified, the included 
angle value is used. 

G76 Probe to Locate External Corner 
Program Words 

Word Description Comments 

Position X Word Specifies nominal external location of 

I I y 

the corner in X axis. 

/,B 
X 

~ 

Position Y Word Specifies nominal external location of 

z I the corner in Y axis. 
A y 

a / -- --
/ 

// 
. ) 

I' 

Position Z Word Specifies nominal external location of 

~ I y 

the corner in Z axis. 

½B 
~ 
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G76 Probe to Locate External Corner 
Program Words (continued) 

Word Description 

Optional I Word Reset Coordinate 

I 
/ 

/ 

y 

B 
Optional J Word Reset Coordinate 

2 I y 

B 
X 

/ / 
/ , x 

Optional K Word Reset Coordinate 

z 
A T 

/ 
/ 

y 

B 
D Word Overtravel Distance 

P Word Incremental Distance (Opt.) 

Comments 

Optional non-modal X axis program 
coordinates to assign to the measured 
corner location or to be used for com
puting offsets 
See Changing Coordinates on the fol
lowing pages 

Optional non-modal Y axis program 
coordinates to assign to the measured 
corner location or to be used for com
puting offsets 
See Changing Coordinateson the fol
lowing pages 

Optional non-modal Z axis program 
coordinates to assign to the measured 
corner location or to be used for com
puting offsets 
See Changing Coordinates on the fol
lowing pages 

Non-modal probe over travel dis
tance allowed beyond the pro
grammed X or Y dimension. If D is 
absent, no over travel beyond the pro
grammed end point is allowed. 

Non-modal signed X axis incremen
tal distance to the second measure
ment location. If P is present, X and 
Y axis must also be programmed. 
When used, the computed angle or 
the corner is stored in system register 
[$PRB_X_ANGLE] 
If the P word is absent only a single 
measurement is made in the Y axis. 
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G76 Probe to Locate External Corner 
Program Words (continued) 

Word Description 

R Word Incremental Distance (Opt.) 

B Word Angle Tolerance (Opt.) 

'------➔:X 

0 Word defines offset number to be 
set. 

H Word Type of offset to be set based 
on I, J, K words. Actions of this 
word are effected by the O word. 

Probe Process Q Word 

Comments 

Non-modal signed Y axis incremen
tal distance to the second measure
ment location. If R is present, X and 
Y axis must also be programmed. 
When used, the computed angle or 
the corner is stored in system register 
[$PRB_X_ANGLE] 
If the R word is absent only a single 
measurement is made in the X axis. 

Is the non-modal angle tolerance for 
the measured angle of the X and Y 
surface. 
If either system registers 
[$PRB_X_ANGLE] or 
($PRB _ Y _ ANGLE] is outside to ± 
the B word, system register 
[$ANGLE_ERROR] is set true. 
Note: the B word value is equal to 
half of the total angle tolerance. 

Optional with H = 0 
Required with H = 2 or 3 ignored 
otherwise 

0 or not programmed: Setup Offset 
1 = Pallet Offset 
2 = Fixture Offset 
3 = Programmed Coordinate Offset 
Refer to What Offsets Can Be Ad
justed on the following pages 

QO Double Hit 
Ql Single Hit 
If the Q word value is 1, specifying a 
single hit cycle, the measurements are 
made during the initial move toward 
the part at the Probe Approach Fee
drate cycle parameter. 
If the Q word is absent or zero, speci
fying a double hit cycle, the initial 
move toward the part is made at the 
Probe Approach Feedrate cycle pa
rameter. 
When the probe hits the part, fh&..it 
retracts by the Probe Gage Height 
cycle parameter, then executes a sec
ond approach span limited to twice 
the Probe Gage Height at the Probe 
Measurement Feedrate cycle parame
ter for the actual data acquisition. 
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G76 Probe to Locate External Corner 
Program Words (continued) 

Word Description Comments 

EWord E0 or not programmed abort and re-
port an alarm. 
El Set system regis-
ter[$PROBE_HIT] false and continue 
NC program execution. 
Refer to What Offsets Can Be Ad-
justed Tolerance on the following 
pages 

UWord The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and toler-
ance limit exceeded error is reported. 

VWord The non-modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 
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G76 External Corner Cycle Action 

Note: Standoff distance is the distance between the initial probe stylus 
position and the nominal corner location X, Y, and Z axis pro
grammed dimensions. 

Measure X Coordinate Of The Corner 

1. Move Y and Z axis simultaneously toward the corner by t\vice the YZ 
standoff distance. 

2. Move X axis toward the corner and measure the surface location using 
one or two hits specified by the Q word. 

3. Report hit status based on the E word. 

4. If R word is programmed, advance along the Y axis by the signed R 
increment, then make a second measurement in X axis by moving 
toward the programmed X value and record the probe hit position. 

5. Return X axis, then Y and Z axis together to the initial position. 

6. Report hit status based on the E word. 

7. Perform any required offsets 

Measure Y Coordinate Of The Corner 

1. Move X and Z axis simultaneously toward the corner by twice the XZ 
standoff distance. 

2. Move Y axis toward the corner and measure the surface location using 
one or two hits specified by the Q word. 

3. Report hit status based on the E word. 

4. If P word is programmed, advance along the X axis by the signed P 
increment, then make a second measurement in Y axis by moving 
toward the programmed Y value and record the probe hit position. 

5. Return Y axis, then X and Z axis together to the initial position. 

6. Report hit status based on the E word. 

7. Perform any required offsets 

Measure Z Coordinate Of The Corner 

1. Move X and Y axis simultaneously toward the corner by twice the XY 
standoff distance. 

2. Move Z axis toward the corner and measure the surface location using 
one or two hits specified by the Q word. 

3. Return Z axis, then X and Y axis together to the initial position. 

4. Report bit status based on the E word. 

5. Perform any required offsets 
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Cycle Action Sample Drawing 

G76 With Sides Parallel To X and Y axis 

Drawing Definition 
Reference 
Number 

1 Probe Start Point 

2 X axis stand off distance 

3 Y axis stand off distance 

4 Overtravel distance (D word) 

5 Incremental distance to the second measurement location (P wo1·d) 

6 Incremental distance to the second measurement location (R word) 

First measurement is made in X direction position 1 (Pl) 
Second measurement is made in X direction if R word is present position 2 (P2) 
Third measurement is made in Y direction position 3 (P3) 
Fourth measurement is made in Y direction if P word is present position 4 (P4) 

P2 

3 
4 

P4 

__..__ ~ -+----~~ 

~ 2 

Cincinnati Milacron S- SP- 98076- 1 Page 2-69 



Cycle Action Sample Drawing (Continued) 

G76 With Sides Not Parallel To X and Y axis 

Drawing Definition 
Reference 
Number 

1 Nominal Corner location (programmed X, Y, Z) 

2 X axis stand off distance 

3 Y axis stand off distance 

4 Incremental distance to the second measurement location (P word) 

5 Incremental distance to the second measurement location (R word) 

6 Represents Y axis probe angle [$PRB Y ANGLE] 

7 Represents X axis probe angle [$PRE X ANGLE] 

First measurement is made in X direction position 1 (Pl) 
Second measurement is made in X direction if R word is present position 2 (P2) 
Third measurement is made in Y direction position 3 (P3) 
Fourth measurement is made in Y direction if P word is present position 4 (P4) 

2 

3 -+ 7 

y 
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[$X_POS_ERROR) 
[$Y_POS_ERROR] 
[$Z POS ERROR] 

[$TRUE POS ERR] 

Cincinnati Milacron 6-SP-98075-1 

What Offsets Can Be Adjusted 

Following a successful corner measurement, the measured position of the 
corner can be used to set a coordinate offset. The selection of which offset 
to adjust is controlled by the optional parameters specified. In order to set 
any offset, at least one of the I, J, or K words corresponding to the axis or 
axes (X, Y, or Z that was measured) must be specified. The following 
system registers are used to compute offset data: 

The difference between the I, J, and K word value and the measured position if both X and I are 
programmed, if both Y and J are programmed, or if both Z and K are programmed 

is the true position error vector value of the corner located 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X, Y, or Z axis can be 
changed when the H word is 0 or absent, and the O word is absent. The X, 
Y, or Z axis position, and I, J, and K word values are used to compute the 
corner offset. The control performs a G92. l Position Set to the active setup 
offset values. 

G76 Xl0 Y12 Z-10 110.2112.2 K- 10.2; Find corner and update current 
active multiple setup offset 

Setting Selected Setup Offsets 

To set the coordinates for a setup other than the active setup, the G77 block 
must contain the I, J, and K words and specify the number of the setup by 
using the O word. The X, Y, or Z axis coordinate of the setup specified by 
the O word is changed by setting the measured corner location to the I, J, 
or K value respectively. 

G76 Xl0 Y12 Z-10 110 112 K-10 02; Find corner and update multiple 
setup 2 offsets 

Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set the X, Y, or Z axis component of one of these offsets, the H word 
specifies the type of offset, and the O word specifies which offset, and the 
offset is computed from the measured corner position and the I, J, and K 
word value. The following examples will write offset values to their 
respected tables. 

Setting a Pallet Offset 

G76 XlO Y12 Z-10 110 112 K- 10 Hl ; Set the current active pallet 
coordinate values 

Setting a Fixture Offset 

G76 Xl0 Y12Z-10110 J12 K-10 H2 03; Set Fixture offset 3 coordinate 
values 

Setting a Programmable Coordinate Offset 

G76 X10 Y12 Z-10 Il0 112 K-10 H3 05; Set Programmable coordinate 
offset 5 values 
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Tolerances 

The U and V word specify the upper tolerance limit and the tolerance 
respectively. 

If a tolerance error occurs because the position error exceeds the V 
word value, system register [$OUT_ OF_ TOL] is set true (non-zero). 

If the error exceeds the U word value, system register [$TOL_EX
CEEDED] is set true 

If the measured X and Y angles exceed the B word value system 
register [$ANGLE_ERROR] is set true. 

The E word determines what action is taken as follows: 

lftheEword is zero or absent, an alarm is reported and the NC program 
halts. 

If the E word is 1, no alarm is reported and NC program execution 
continues with the next block. When the E word value is 1, system 
register [$PROBE_HIT] is tested to determine whether or not the cycle 
completed its measurement. Also, the NC program test 
[$OUT_OF_TOL], [$TOL_EXCEEDED], and [$ANGLE_ERROR] 
to determine whether an error occurred. 

G76 Programming Considerations 

• 

• 

• 

• 

• 

• 

• 

Prior to executing the 076 cycle, the NC program must position the 
probe near the outside corner to be located. 

For each axis programmed in the G76 block the probe moves from the 
current position toward the programmed endpoint in X, Y, or Z at the 
cycle parameter Probe Approach F eedrate. 

If any axis is omitted X, Y, or Z, no motion occurs along that axis . 

If one axis is omitted, the corner is measured in the other two axes. In 
this case, the omitted axis must be positioned so that the probe stylus 
will hit the surfaces making up the corner to be measured. 

If the D word is present, it specifies the allowable overtravel beyond 
the programmed X, Y, or Z dimension. If the D word is absent, the 
allowable overtravel is the same as the distance from the initial 
position to the programmed X, Y, or Z dimension. 

If no probe hit is detected, system register [$PROBE _HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second approach span 
limited to twice the Probe Gage Height at cycle parameter Probe 
Measurement Feedrate for the actual data acquisition. 
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[$PROBE HIT] 

[$PRB_POS_MC(X,Y, Z)] 
[$PRB POS PC(X,Y, Z)] 

[$PRB _pART _LOC(X)] 
[$PRB _PART _LOC(Y)] 
[$PRB PART LOC(Z)] 

[$X _POS _ ERROR] 
[$Y_POS_ERROR] 
[$Z_POS_ERROR] 

[$TRUE_POS_ERR] 

[$SIZE ERROR] 
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G77 Probe to Locate Surface 

G77 Locate Surface cycle probes for a surface in a s ingle machine axis. The 
measured true location of the surface in the selected axis is saved, The 
location can be treated as a reference surface position and used to set the 
setup offset for that axis by having the G77 cycle perform an automatic 
092.1 Position Set, or a coordinate offset can be computed from the 
measured location. Alternatively, the measured position can be treated as 
a size, and used to adjust the length or diameter offset for the tool used to 
machine the surface. Once measurement is m ade, data is collected and 
stored in the following system registers. 

Set true non-zero with probe hit 

records X, Y, and Z machine coordinates, and program coordinate surface locations 
when a hit is detected 

If the X axis is programmed, the X axis value in the probe location variables is updated, 
if Y is programmed, the Y axis value is updated, and if Z is programmed, the Z value is 
updated. The other axis values are not changed. 

The difference between the I, J, or K word value and the measured position is stored in 
system registers [$X_POS_ERROR] if both X and I are programmed, [$Y _POS_ER-
ROR] if both Y and J are programmed or [$Z_POS_ERROR] if both Zand K are pro-
grammed. 

Is the recorded true position error value 

Is the recorded size error value 

G77 Probe to Locate Surface 
Program Words 

Word Description 

Position X Word 
z y 

------------x 

Position Y Word 
z y 

Comments 

Specifies nominal surface location in 
the X axis. 

Specifies nominal surface location in 
the Y axis. 
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G77 Probe to Locate Surface 
Program Words (continued) 

Word Description Comments 

Position Z Word Specifies nominal surface location in 
z /y the Z axis. 

I 

~ i 
,,{ 

' / 

/ 
X 

' 
Optional I Word Reset Coordinate Optional non- modal X axis program 

z /y 
coordinates to assign to the measured 

I corner location or to be used for com-
puting offsets 

il r / See Changing Coordinates on the fol-
lowing pages for additional informa-

/ tion y / X 0 

Optional J Word Reset Coordinate Optional non-modal Y axis program 

z /y coordinates to assign to the measured 
corner location or to be used for com-
puting offsets 

~ r V See Changing Coordinates on the fol-
lowing pages for additional informa-

/ tion 

/ - X 0 

Optional K Word Reset Coordinate Optional non-modal X axis program 

z /y coordinates to assign to the measured 

I corner location or to be used for com-
puting offsets 

~ 
/ See Changing Coordinates on the fol-

r- lowing pages for additional informa-
/ tion y / -x 0 

D Word Overtravel Distance Non-modal probe overtravel distance 
allowed beyond the nominal surface 
location specified by the programmed 
X, Y, or Z axis dimension. If the D -word is absent, no overtravel beyond 
the programmed dimension is per-
mitted. 

H Word Type of offset to be set based 0 or not programmed: Setup Offset 
on I, J, K words. Actions of this 1 = Pallet Offset 
word are effected by the O word. 2 = Fixture Offset 

3 = Programmed Coordinate Offset 
5 = Programmable Tool Offset 
Refer to What Offsets Can Be Ad-
justed on the following pages for 
additional information. 
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G77 Probe to Locate Surface 
Program Words (continued) 

Word Description Comments 

0 Word defines offset number to be Optional with H = 0 
set. Required with H = 2 or 3 ignored 

otherwise 

Probe Process Q Word QO Double Hit 
Ql Single Hit 

1; If a probe hit occurs during the ap-
proach move, system register 

? [$PROBE_HIT]is set true and the 
location of the surface is measured 

) • and stored in the appropriate elements 

I 
of system registers 
[$PRB_POS_MC], 
[$PRB_POS_PC), and 
[$PRB _PART_ LOC]. The measure-
ment method is specified by the Q 
word value. 
If the Q word value is 1, specifying a 
single hit cycle, the measurements are 
made during the initial move toward 
the part at the Probe Approach Fee-
drate cycle parameter. 
If the Q word is absent or zero, speci-
fying a double hit cycle, the initial 
move toward the part is made at the 
Probe Approach Feedrate cycle pa-
rameter. 
When tile probe hits the part, it re-
tracts by the Probe Gage Height cycle 
parameter, then executes a second ap-
proach span limited to twice the 
Probe Gage Height at the Probe Mea-
surement Feedrate cycle parameters 
for the actual data acquisition. Fol-
lowing the measurement, the probe 
retracts to Probe Gage Height above 
the measured surface. 

TWord Non-modal tool reference or record 
number of the tool to be updated. 
Used with HS. 

UWord The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and taler-
ance limit exceeded error is reported. 

VWord The non-modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 
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G77 Probe to Locate Surface 
Program Words (continued) 

Word Description Comments 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with HS. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

FWord Non-modal feedback which controls 
the percent of feedback applied. 
Range values are from O to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 

L Word Non -modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register [$PROBE_HIT] 
false or set [$OUT_ OF_ TOL] or 
[$TOL _ EXCEEDED] true and con-
tinue NC program execution. 
Refer to What Offsets Can Be Ad-
justed Tool Offset Tolerance on the 
following pages for additional in-
formation 

G77 Cycle Action 

G77 moves the probe from the current position toward the programmed 
endpoint in X, Y, or Z axis at probe cycle parameter Probe Approach 
Feedrace. 

The approach move continues until either the probe contacts a surface or 
reaches the programmed dimension. If the D word is present, it specifies 
the allowable overtravel beyond the programmed X, Y, or Z dimension. 
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[$X_POS_ERROR] 
[$Y_POS_ERROR] 
[$Z_POS_ERROR] 

[$TRUE POS ERR] 

[$SIZE_ERROR] 
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What Offsets Can I Adjust 

Following the probe hit, the measured surface location can be used to set 
either a coordinate offset or the length or diameter offset of the tool that was 
used to machine the surface. The selection of which offset to adjust is 
controlled by the optional parameters specified. In order to set any offset, 
the I, J, and K word corresponding to the axis word must be specified. 

The computed error is stored in the following system registers error data. 

The difference between the I, J, and K word value and the measured position if both X 
and I are programmed, if both Y and J are programmed, or if both Z and Kare pro-
grammed 

is the true position error of the surface 

this value is the error between the nominal size and measured size used to adjust tool off-
sets 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. To set the active setup coordinate system offset, the G77 block 
must contain the I, J, or K word. The X, Y, or Z axis coordinate offset of 
the active setup is changed when the H word is O or absent and the O word 
is absent. The control performs a G92.1 Position Set to set the coordinates 
of the measured corner location to the coordinate specified by the I, J, and 
K values. 

G77 Xl0 Y12Z-10110.2112.2 K-10.2; Find surface and update current 
active multiple setup offset 

Setting Selected Setup Offsets 

To set the coordinates for a setup other than the active setup, the G77 block 
must contain the I, J, and K words and specify the number of the setup by 
using the O word. The X, Y, or Z axis coordinate of the setup specified by 
the O word is changed by setting the measured corner location to the I, J, 
or K value respectively. 

G77 XlO Y12 Z-10110112 K-10 02; Find surface and update multiple 
setup offset 2 

Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set these offset values the H word specifies the type of offset, and the 0 

word specifies which offset record. The X, Y, or Z axis position, and I, J or 
K word values are used to compute offsets. The following examples will 
write offset values to their respected tables. 

Setting a Pallet Offset 

G77 XlO Y12 Z-10 110 J12 K-10 Hl ; Set the current active pallet 
coordinate offset values 

Setting a Fixture Offset 

G77 XlO Y12Z-10110112 K-10 H2 03; Set Fixture offset 3 coordinate 
values 
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Setting a Programmable Coordinate Offset 

G77 XlO Y12Z- 10 110112 K-10 H3 0 5 ; Set Programmable coordinate 
offset S values 

Changing Programmable Tool Offset Table Diameter value 

G77 XlO Y12 110.2 Jl2.2 HS 06 

Since X and Y axes are used for measurement and the O word is present with 
no T word the programmable tool offset table record 6 diameter is adjusted 
by system register [$SIZE_ERROR] 

Record number 6 (tool diameter) is changed by adding system register value 
[$SIZE_ERROR]. 

Changing Tool Table Diameter Offset value 

077 Xl0 Y12 110.2 Jl2.2 HS T6 

Since X and Y axes are used for measurement and no O word is present, the 
T word defines tool offset table record 6 diameter offset is adjusted by 
system register [$SIZE_ERROR] 

Record number 6 (tool diameter) is changed by system register value 
[$SIZE_ERROR]. 

Changing Programmable Tool Offset Table Length value 

G77 Zl0.2 KIO HS 06 

Since the Z axis is used for measurement and the O word is present with no 
T word, the programmable tool offset table record 6 length is adjusted by 
system register [$SIZE_ERROR] 

Record number 6 (tool length) is changed by system register value 
[$SIZE_ERROR]. 

Changing Tool Table Length Offset value 

G77 ZlO KlO HS T6 

Since Z axis is used for measurement and no O word is present, the T word 
defines tool offset table record 6 length is adjusted by system register 
[$SI ZE_ERROR] 

Record number 6 (tool diameter) is changed by adding system register value 
[$SIZE_ERROR]. 
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Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the Vword and system register [$TRUE_POS_ERR] exceeds the Vword 
value, [$OUT_OF TOL] is set true (non-zero). 

If the U word and system register [$TRUE_ POS _ERR] exceeds the V word 
value, [$TOL_EXCEEDED] is set true (non-zero). 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word = 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test 
[$PROBE_HIT) to determine whether or not the cycle completed its 
measurements. Also, system registers [$OUT_ OF_ TOL ], and 
[$TOL_EXCEEDED] are tested to determine whether an error 
occurred. 

G77 Programming Considerations 

• 

• 

• 

Prior to executing the 077 cycle, the NC program must position the 
probe near the surface to be located. 

For each axis programmed in the 077 block the probe moves from the 
current position toward the programmed endpoint in X , Y, or Z at the 
cycle parameter Probe Approach Feedrate. 

If the D word is present, it specifies the allowable overtravel beyond 
the programmed X, Y, or Z dimension. If the D word is absent, the 
allowable overtravel is the same as the distance from the initial 
position to the programmed X, Y, or Z dimension. 

If no probe hit is detected, system register [$PROBE_HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second approach span 
limited to twice the Probe Gage Height at cycle parameter Probe 
Measurement Feedrate for the actual data acquisition. 
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G77.1 Stock Allowance (Optional) 

G77.l Stock Allowance cycle probes for a surface in a single machine axis 
(X, Y, or Z). Multiple executions of G77 .1 blocks (based on the P word) can 
be used to sample and record stock variation at several part locations. Also, 
this cycle can set a tool length offset or coordinate system value above the 
surface of the part. 

G77.1 Stock Allowance Program Words 

Word Description 

X Word Position 

z 

o"-----------+K 

Y Word Position 

z 

o"'------------+x: 

Z Word Position 

P Word Stock Cycle Command 

p 
Lxyz7 

l st ? 

Comments 

Modal axis command point in the X 
axis. The axis in which probe motion 
occurs is determined by the P word 
value. 

Modal axis command point in the Y 
axis. The axis in which probe motion 
occurs is determined by the P word 
value. 

Modal axis command point in the Z 
axis. The axis in which probe motion 
occurs is determined by the P word 
value. 

Non-modal cycle command for probe 
motion: 
1: Probe in X axis 
2: Probe in Y axis 
3: Probe in Z axis 
4: Probe in X axis; first operation on 
this surface 
5: Probe in Y axis; first operation on 
this surface 
6: Probe in Z axis; first operation on 
this surface 
See Surface Measurement Over
view on the following pages for addi
tional information 
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G77.1 Stock Allowance Program Words (continued) 

Word Description 

D Word Overtravel Distance 

I Word Probe Location (Optional) 

J Word Probe Location (Optional) 

K Word Probe Location (Optional) 

H Word Type of offset to be set based 
on I, J, K words. Actions of this 
word are affected by the O word. 

0 Word defines offset number to be 
set. 

Comments 

Non-modal probe overtravel distance 
allow~d beyond the nominal surface 
location specified by the programmed 
X, Y, or Z axis dimension. If the D 
word is absent, no overtravel beyond 
the programmed dimension is per
mitted. 

A single non-modal axis parameter 
which specifies the expected location 
of the axis bdng probed. The I word 

must agree with the P word com
mand, that is, I goes with Pl. The I 
word should only be specified on the 
last of a series of G77.1 cycles for a 
given surface. 
See What Offsets Can Be Adjusted 
on the following pages for. additional 
information 

A single non-modal axis parameter 
which specifies the expected location 
of the axis being probed. The J word 
must agree with the P word com
mand, that is, J goes with P2. The J 
word should only be specified on the 
last of a series of G77.1 cycles for a 
given surface. 
See What Offsets Can Be Adjusted 
on the following pages for additional 
information 

A single non-modal axis parameter 
which specifies the expected location 
of the axis being probed. The K word 
must agree with the P word com
mand, that is, K goes with P3. The K 
word should only be specified on the 
last of a series of G77.1 cycles for a 
given surface. 
See What Offsets Can Be Adjusted 
on the following pages for additional 
information 

0 or not programmed: Setup Offset 
1 = Pallet Offset 
2 = Fixture Offset 
3 = Programmed Coordinate Offset 
Refer to What Offsets Can Be Ad
justed on the following pages for 
additional information 

Optional with H = 0 
Required with H = 2 3 or 5 ignored 
otherwise 

Page 2-81 



Page 2-82 

G77.1 Stock Allowance Program Words (continued) 

Word Description 

Probe Process Q Word 

l:? 
\--'"'""11. • .l. 

'---; _ ____ _,I 

UWord 

EWord 

Comments 

QO Double Hit 
Ql Single Hit 
If a probe hit occurs during the ap
proach move, system register 
[$PROBE_HIT]is set true and the 
location of the surface is measured 
and stored in the appropriate elements 
of system registers 
[$PRB_POS_MC], 
[$PRB_POS_pC], and 
[$PRB_PART_LOCJ. 
If the Q word value is 1, specifying a 
single hit cycle, the measurements are 
made during the initial move toward 
the part at the Probe Approach Fee
drate cycle parameter. 
If the Q word is absent or zero, speci
fying a double hit cycle, the initial 
move toward the part is made at the 
Probe Approach Feedrate cycle pa
rameter. 
When the probe hits the part, it re
tracts by the Probe Gage Height cycle 
parameter, then executes a second ap
proach span limited to twice the 
Probe Gage Height at the Probe Mea
surement Feedrate cycle parameters 
for the actual data acquisition. Fol
lowing the measurement, the probe 
retracts to Probe Gage Height above 
the measured surface. 

The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and toler
ance limit exceeded error is reported. 

Non-modal error action taken if the 
probe does not contact a surface or 
the measured surface value is more 
than the U word tolerance above the 
nominal surface: 
0 or not programmed: abort and re
port an alarm 
1: set system register 
[$0UT_OF_TOL] or [$TOL_EX
CEEDED] true and continue NC pro
gram execution. 
Refer to What Offsets Can Be Ad
justed Tolerance on the following 
pages for additional information 
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($PROBE HIT] 

[$PRB_POS_MC] 

[$PRB_POS_PC] 

[$PRB PART LOC(X)J 

L$PRB_PART _LOC(Y)] 

[$PRB _PART_ LOC(Z)) 

[$MIN STOCK] 

[$MAX_ STOCK] 

[$VARIATION] 
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Surface Measurement Overview 

The P word is used to define the measurement axis. The G77 .1 blockmoves 
the probe from the current position to the programmed endpoint in two axes 
perpendicular to the measurement axis. P word sel ections are as follows: 

Positioning Axis Measurement Axis 

Pl or P4 move YZ axes measure in X axis 

P2 or PS move XZ ax:es measure in Y axis 

P3 or P6 move XY a.-xes meastue in Z axis 

Once measurement is made, the following system register interact with the 
P word selection 

Set rrue non-zero with probe b.it 

The probe macb.ine position measured surface location for all axes 

The probe program coordinates position measured surface location for all axes 

Tb.is value is the measured axis part location when Pl or P4 word is used. 

This value is the measured axis part location when P2 or PS word is used. 

This value is the measured axis part location when P3 or P6 word is used. 

Sets minimum stock for first series measurements using P4, PS or P6 word 

Sets maximum stock for first series measurements using P4, P5 or P6 word 

ls the difference between [$MIN _STOCK] ,md f$MAX_STOCK], the lowest and bjghest 
measured surface. 
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G77.1 Surface Measurement Sample Program 

The following program segment is intended to illustrate multiple G77.1 
surface measurements in Z axis. The table below illustrates system register 
interaction dUJing the measurements process. 

NlO0 G77.l Xl.5 Y12 Z0 D.05 P6 : Move to position 1 measure in Z axis set mini.mum and maximum values 
Nll0 Zl 
Nl20 G77.l X3.5 Z0 D.05 P3 ; Move to position 2 set variation value 
N130Zl 
N140 G77.1 X5.5 Z0 D.05 P3 ; Move to position 3 set variation value 

X1 .5 X3.5 

zo j_~_ j_~_ 
.45 2 

X5.5 

j_,,_,_..____,, 
.55 3 

[$MAX_STOCKJ [$MIN_STOCK) [$VARIATION] ($PRB _POS_MC] [$PRB_POS_PCJ 

1 .500 .500 .000 Set all axes Set all axes 

2 .500 .450 .05 Set all axes Set all axes 

3 .550 .450 .100 Set all axes Set all axes 
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l$PRB_PART_LO 
C(Z)] 

10 

9 

8 
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What Offsets Can Be Adjusted 

Following a successful measurement, the measured surface location can be 
used to set offsets based on the H word programmed. The I , J, and K words 
determine the measurement axis. To update an offset, I, J, or K words must 
be programmed in the G77.l block. The following system register contain 
the data: 

[$X _pos -ERROR] If both X and T are programmed 

[$Y _POS_ERROR) If both Y and J are programmed 

[$Z_POS_ERROR] lfboth Zand Kare programmed 

($TRUE_POS_ERR] is the error distance from the nominal value to the true 
surface 

Setting Active Setup Offsets 

To set the coordinate system offset, the last G77.1 block in the series must 
contain the l ,J, or K word. The X, Y, or Z axis coordinate offset of the active 
setup is changed by the control performing a G92.l Position Set at the 
minimum measured coordinate specified by the I, J, and K value. The active 
setup is changed when the H word is O or absent, and the O word is absent. 

G77.1 P3 Xl0 Y12 Z-10 1102 112.2 K-10.2; Find surface and update 
current active multiple setup offset 

Setting Selected Setup Offsets 

To set coordinates for a setup other than tbe active setup; the G77.1 block 
must contain the I, J, or K word and specify setup io the O word. The X, 
Y, or Z axis coorclinate of the setup is specified by the O word is changed 
by setting the minimum measured position to the I, J, or K value 
respectively. 

G77.1 P3 XlO Y12 Z-10 K-10 02; Measure surface and update multiple 
setup offset 2 

Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set the X, Y, or Z axis component of one of these o(fsets, the H word 
specifies the type of offset, and the O word specifies which offset. The 
offset is computed from the minimum measured position and the I , J, and 
K word value. 

Setting a Pallet Offset 

G77.1 P3 XlO Yl 2 Z-10 K-10 H1 ; Set Z axis value for the current active 
pallet coordinates 

Setting a FixtLLre Offset 

G77.1 P3 X10Y12Z-10110112 K- 10H2 03; Set X, Y, and Z axes values 
for Fixture offset 3 

Setting a Programmable Coordinate Offset 

G77.l P3 XlO Y12Z-10110112 K-10 H3 05; Set X, Y, andZ axes values 
for Programmable coordinate offset record 5 
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Tolerances 

The U word specifies the upper tolerance limit for the amount of stock 
present. If the I, J, and K word is not present (that is, if an offset is not being 
changed), the U word represents the maximum allowable value for the 
measured stock amount above the Programmed X, Y, or Z dimension. For 
example: 

N0l0 G77.1 P3 Xl0 Y5 Z-10 K-10 D.l U.2 

This example specifies that a probe measurement is to be made at X = 10 
and Y = 5, with an expected surface location of ZlO.0. The surface can be 
as low as 9.9 (Zl0 minus the allowable overtravel of D0.1), or as high as 
10.2 ('.Zl plus the upper tolerance l~m;t of' UO.~). 

Ifl,J, or K word is present, U is the tolerance on the value of system variable 
[$VARIATION]. 

If the error exceeds the U word value, system register [$TOL_EX
CEEDED] is set true 

The E word determines what action is taken as follows: 

If the E word is zero or absent, an alarm is reported and the NC program 
halts. 

If the E word is 1, no alarm is reported and NC program execution 
continues with the next block. When the E word value is 1, system 
register [$PROBE_ HIT) is tested to determine whether or not the cycle 
completed its measurement. Also, the NC program test [$TOL_EX
CEEDED] to determine whether an error occurred. 

G77.1 Programming Considerations 

• 

• 

• 

• 

• 

• 

Prior to executing the G77.l cycle, the NC program must position the 
probe near the surface to be located. 

For each axis programmed in the G77.l block the probe moves from 
the current position toward the programmed endpoint in X, Y, or Z at 
the cycle parameter Probe Approach Feedrate. 

If the D word is present, it specifies the allowable overtravel beyond 
the programmed X, Y, or Z dimension. If the D word is absent, the 
allowable overtravel is the same as the distance from the initial 
position to the programmed X, Y, or Z dimension. 

The U word value represents the maximum allowable value for the 
measured stock amount above the Programmed X, Y, or Z dimension. 

If no probe hit is detected, system register ($PROBE_HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage ffeighc, then executes a second approach span 
limited to twice the Probe Gage Height at cycle parameter Probe 
Measurement Feedrate for the actual data acquisition. 
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[$PROBE_HIT] 

[$PRB_PART_LOC(X)] 
[$PRB_PART LOC(Y)] 

[$PRB PART LOC(Z)] 

[$PRB_X_DIA] 
[$PRB_Y_DIA] 

[$PRB AVG DIA] 
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G78 Probe a Bore 

To select bore measurement the G78 program block R word must equal 0 
or be absent The cycle measurement that takes place is made along the 
measurement line, which is a line through the starting probe stylus position 
to the programmed XY endpoint. G78 can measure a bore either by using 
the X and Y axis process or by a 3-point measurement method, which 
requires a 360 degree calibrated probe. In either case, once measurem ent is 
made, data _is collected and stored in the following system registers: 

Set true non-zero with probe hit 

records center measurement coordinates 

used to set the Z axis dimension at which the measurements were made. 

XY axis diameter measurements 

measured diameter 

G78 Probe a Bore Program Words 

Word Description Comments 

Incremental Distance Z Word Specifies nominal signed incremental 

~ 
distance to move from the initial loca-
tion to the Z axis location at which 
the measurements are to be made. Z 
is normally negative since the probe 
normally is positioned above the 

t 
workpiece. 

. . 
,(- :> 

Diameter P Word Specifies non-modal unsigned nomi-

~ 
nal diameter of the bore to be mea-
sured. 
All measurements moves are limited 
to half of the nominal bore diameter 
plus the overtravel distance (P/2 + D 
word) in length if the D word is spe-

t . cified, otherwise the moves are limit-. 
ed to the nominal diameter (P word) 

1__... -..... , in length. 

Page 2-87 



Page 2-88 

G78 Probe a Bore Program Words (continued) 

Word Description 

Probe Process Q Word 

R Word defines the cycle type 

Optional I Word Reset Coordinate to 

y• 

0 

Optional J Word Reset Coordinate to 

Y' 

0 

Comments 

QO Double Hit 
Ql Single Hit 
The first move for a double hit cycle 
(the only move for single hit mea
surements) the probe retracts by 
Probe Gage Height cycle parameter 
and makes a second measurement 
move of twice Probe Gage Height at 
the Probe Measurement Feedrate 
cycle parameter. 
The final position of the probe is on 
the measured centerline of the bore 
at the initial Z axis position. The val
ues of system registers 
[$PROBE_ HIT], 
[$PRB_POS_MC], and 
[$PRB_POS_PC] reflect the location 
of the last probe move completed in 
the cycle. 
If any probe move fails to hit the part, 
the cycle aborts, the probe returns to 
the start point, and system register 
[$PROBE_HIT) is set false. 

R word ::; 0 or absent ::; bore measure
ment where the center of the bore is 
free of obstructions. 

Specifies type of offset (based on H 
word) to assign to the measured X 
axis bore location or to be used for 
computing offsets. 

Specifies type of offset (based on H 
word) to assign to the measured Y 
axis bore location or to be used for 
computing offsets. 
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G78 Probe a Bore Program Words (continued) 

Word Description 

A WordAngle 

B Word Angle 

X 

CWordAngle 

H Word Type of offset to be set based 
on I and J words. Actions of this 
word are effected by the O word. 

D Word Overtravel Distance 

0 Word defines offset number to be 
set 

TWord 

U Word 

VWord 

Comments 

These cycle modal words are sign 
angles measured counter clocl"Wise 
from the +X axis at which the three 
measurements are made. Specifying 
the A, B, and C words cause the 
3-point measurement !Cl be made 
instead of the XY axis measurement. 
All three word angles must be pro
grammed if any angle word is pres
ent. 
Note: Before 3-poinl' measurement 
can be used the probe must be cali
brated for 360 degrees. 
For additional information refer to 
3-point measurement on the follow
ing pages for additional information 

0 or not programmed = Setup Offset 
1 = Pallet Offset 
2 = Fixture Offset 
3 = Programmed Coordinate Offset 
5 = Programmable Tool Offset 
Refer to What Offsets Can Be Ad
justed on the following pages for 
additional information. 

Specifies cycle modal probe overtra
vel distance allowed beyond the pro
grammed motion (half the nominal 
diameter from the center). If the D 
word is absent, the full programmed 
diameter (P word) is allowed before a 
'·no hit'' condition is detected. 

Optional with H = 0 
Required with H = 2, 3 or 5 ignored 
otherwise 

Non-modal tool reference or record 
number of the tool to be updated. 
Used with HS. 

The non-modal U word specifies tl1e 
upper tolerance. limit above which no 
offset update is performed and toler
ance limit exceeded error is reported. 

The non-modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 
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G78 Probe a Bore Program Words (continued) 

Word Description Comments 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with HS. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

FWord Non-modal feedback which controls 
the percent of feedback applied. 
Range values are from 0 to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 

LWord Non-modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register 
[$OUT_OF_TOL] or [$TOL_EX-
CEEDED] or [$ANGLE_ERROR] 
true and continue NC program execu-
tion. 
Refer to What Offsets Can Be Ad-
justed Tool Offset Tolerance on the 
following pages for additional infor-
mation. 
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XY Axes Bore Measurement Cycle Action 

Clear center bore measurements are determined by the R word equaling 0 
or absent. To measure an open bore the following steps will occur: 

1. Position the probe near the nominal center of the bore. 

2. The probe advances along the Z axis by the incremental value specified 
in the Z word. 

3. Probe in the+ X direction for P/2 + D word (or P word if D word is 
absent). 

4. Return to the start position. 

5. Probe in the - X direction for P /2 + D word ( or P word if D word is 
absent). 

6. Move to a position midway between the locations found in steps 3 and 
5. 

7. Probe in the+ Y direction for P/2 + D word (or P word if D word is 
absent). 

8. Return to the starting Y axis position. 

9. Probe in the -Y direction for P/2 + D word (or P word if D word is 
absent). 

10. Move to a position midway between the locations found in steps 7 and 
9. 

11. Probe again in the+ X direction for P/2 + D word ( or P word if D word 
is absent). 

12. Return to the X position from step 6. 

13. Probe again in the - X direction for P/2 + D word (or P word ifDword 
is absent). 

14. Position to the computed center of the bore. 

15. Retract Z axis to the starting Z axis position. 

16. Perform any required coordinate offset or tool length offset adjust
ments. 
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XY Axes Bore Sample Drawing 

Drawing 
Reference 
Number 

1 

2 

3 

4 

5 

6 

7 
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Definition 

Probe Start Point 

Measurement Line 

Probe Target Position with (D word) Absent 

Probe Target Position with (D word) Present 

Z Incremental (Z word) 

Nominal Width (P Word) 

Measured Center 

. 3 . 
. 4 

~7 
1 -

tu) 

• • k- - - - - - - - - - - - _ Ji!_ -----_ \ _ ------- > •• I 
- 6 -

~ 

I 
' 
I 
I 

I 

3-Point Measurement 

The 3- point measurement capability allows partial measurement of bores 
with cutouts located on the X or Y axis centerline . The A, B, and C angle 
words programmed in the 078 block command the probe to make three 
moves from the center of the bore toward the periphery of the bore. All 
measurements moves are limited to half of the nominal bore diameter plus 
the overtravel distance (P /2 + D word) in length if the D word is specified, 
otherwise the moves are limited to the nominal diameter (P word) in length. 

Note: Before 3-point measurements can be used the you must have a probe 
calibrated for 360 degree. 
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Start Position 
X10Y10 __ _, 

Basic Movements of 3-Point Measurement 

1. Advance the probe along the Z axis by the incremental value specified 
in the Z word. Note that if the probe 

2. Probe at A degree from the + X direction for P/2 + D ( or P word if D 
word is absent). 

3. Return to the start position. 

4. Probe at B degree from the+ X direction for P/2 + D (or P word ifD 
word is absent). 

5. Return to the start position. 

6. Probe at C degree from the + X direction for P /2 + D ( or P word if D 
word is absent). 

7. Return to the start position. 

8. Position the computed center of the bore. 

9. Retract Z axis to the starting Position 

10. Any coordinate offset or tool length offset adjustments are perform. 

3-Point Measurement Sample Program 

G78 Xl0 YlO Z-12 A30 B120 C270 H2 02 ; Take angled measurements 
update Fixture Offsets record 2 

C = 270 

Key way Positioned 
90 Degrees 

+X Axis O degrees 

XO, YO 

----- p = 4" ----
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What Offsets Can Be Adjusted 

Following a successful bore measurement, the measured true position of the 
bore center can be used to set a coordinate offset. The selection of which 
offset to adjust is controlled by the optional parameters specified. In order 
to set any offset, the I and J words or 3-point measurement A, Band C words 
must be programmed. 

G78 computes error between the nominal center of the bore (specified by 
the I and J words) and the measured center. This data is stored in the 
following system registers: 

[$X_POS_ERROR] is the error in X and Y axis 
[$Y POS ERROR] 

[$TRUE_POS_ERR] is the error distance from the nominal value to the true 
center 

[$SIZE_ERROR] if the optional P word nominal size is specified, this 
value is the error between the nominal size and mea-
sured size 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X and Y axis can be changed 
when the H word is 0 or absent, and the O word is absent. The X and Y axis 
position, and I and J word values are used to compute centerline offsets. The 
control performs a G92.l Position Set to the active setup offset values. 

G79 Xl0 Y12Z-10110.2 J12.2 P4 ; Find center of 4 inch bore and update 
the current active multiple setup offset 

Setting Selected Setup Offsets 

To apply offsets to a setup other than the active setup, the H word is 0 or 
absent, and the O word value is used to specify the setup record number. The 
X and Y axis position, and I and J word values are used to compute 
centerline offsets. The control performs a G92.l Position Set to the active 
setup offset values. 

G79 Xl0 Y12 Z-10 110 J12 02 P2 ; Find center of 2 inch bore and update 
multiple setup record offset 2 
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Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set these offset values, the H word specifies the type of offset, and the 
0 word specifies which offset record. The X and Y axis position, and I and 
J word values or A, B, and C words values are used to compute centerline 
offset. The following examples will write offset values to their respected 
tables. 

Setting a Pallet Offset 

G78 Xl0 Y12Z- 10110112 Hl P3; Find center of 3 inch bore and update 
current active pallet values 

Setting a Fixture Offset 

G78 Xl0 Y12Z-10110 J12 H2 03 P2; Find center of2 inch bore and update 
Fixture offset 3 values 

Setting a Programmable Coordinate Offset 

G78X10 Y12Z-10110J12H3 05 P3; Find center of3 inch bore and update 
Programmable coordinate offset 5 values 

Changing Programmable Tool Offset Table Diameter value 

Since X and Y axes are used for measurement, the Programmable Tool 
Offset table diameter value can be change by programming HS with an 0 
word and no T word. The tool is adjusted by data in system register 
[$SIZE_ERROR]. 

G78 Xl0 Y12 Z-5 110.2 J12.2 HS 06 P4; change tool diameter record 
number 6 programmable tool table value. 

Changing Tool Table Diameter Offset value 

Since X and Y axes are used for measurement, the Tool Table Offset 
diameter value can be change by programming HS with a T word. The tool 
is adjusted by data in system register [$SIZE_ERROR]. 

G79 Xl0 Y12Z-5110.2112.2 HS T6 P3; Change tool table diameter offset 
value record number 6 
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Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the V word and system register [$TRUE _POS _ERR] exceeds the V word 
value, [$0UT_OF TOL] is set true (non-zero). 

If the Uword and system register ($TRUE_POS_ERR] exceeds the Vword 
value, [$TOL_EXCEEDED] is set true (non-zero). 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test 
[$PROBE_HIT] to determine whether or not the cycle completed its 
measurements. Also, system registers [$OUT_ OF_ TOL], and 
[$TOL_EXCEEDED] are tested to determine whether an error 
occurred. 

G78 Bore Programming Considerations 

• 

• 

• 

• 

• 

• 

• 

Prior to executing the G78 cycle, the NC program must position the 
probe near the center of the bore to be measured. 

To measure a bore with no obstructions the R word must be O or absent . 

For each axis programmed in the G78 block the probe moves from the 
current position toward the programmed endpoint at the cycle 
parameter Probe Approach F eedrate. 

All of the measurement moves are limited to half of the nominal bore 
diameter plus the specified overtravel 
(P/2 + D) in length if the D word is specified, otherwise the moves are 
limited to the nominal diameter (P word) in length. 

If no probe hit is detected, system register ($PROBE_ HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value (or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 

When using 3-point measurement the probe must be calibrated for 360 
degrees. 

When using 3-point measurement the A, B, and C words must all be 
programmed. 
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[$PROBE_HIT] 

[$PRB _PART_ LOC(X)) 
[$PRB PART LOC(Y)] 

[$PRB_PART_LOC(Z)) 

[$PRB_X_DIA] 
[$PRB Y DIA] 

[$PRB AVG DIA) 

Cincinnati Milacron 6-SP- 98075-1 

G78 Probe Bore with Obstacle 

To use this measurement the G78 program block must contain an R word 
with a negative value R < 0. The cycle m easurement that takes place is made 
along the measurement line, which is a line through the starting probe s tylus 
position to the programmed XY endpoint. 078 can measure a bore either 
by using the X and Y axis process or by a 3-point measurement method, 
which requires a 360 degree calibrated probe. In either case, once 
measurement is m ade, data is collected and stored in the following system 
registers: 

Set true non-zero with probe hit 

records center measurement coordinates 

used to set the Z axis dimension at which the measurements were made. 

XY axis diameter measurements 

measured diameter 

G78 Probe a Bore with Obstacle Program 
Words 

Word Description Comments 

Incremental Distance Z Word Specifies nominal signed incremental 

] 
distance to move from the initial loca-
tion to the Z axis location at which 
the measurements are to be made. Z 
is normally negative since the probe 

1r-. 
normally is positioned above the 

I 
workpiece. 

I ' • -l- 0 . 
,, 

Diameter P Word Specifies unsigned nominal diameter 

] 
of the bores or bosses to be measured 
All of the measurements moves are 
limited to half of the nominal bore di-
ameter plus the radial clearance R 

,, word distance (P/2 + R word). 

I 

. I + 

I I ~'I' 
I 

,, , 
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G78 Probe a Bore with Obstacle Program 
Words (continued) 

Word Description 

Pwbe Process Q Word 

R Word Clearance (Negative) 

] 

Optional I Word Reset Coordinate to 
y 

0 

Comments 

Q0 Double Hit 
Ql Single Hit 
The first move for a double hit cycle 
(tbe only move for single hit mea
surements) tJ1e probe retracts by 
Probe Gage Height cycle parameter 
and makes a second measurement 
move of twice Probe Gage Height at 
the Probe Meas11reme111 Feedrate 
cycle parameter. 
The final position of the probe is on 
the measured centerline of the bore or 
boss at the initial Z axis position. 
Tbe values of system registers 
[SPROBE_HJT], 
[$PRB_pOS_MC], and 
[$PRB _ POS _ PC] reflect the location 
of the last probe move completed in 
the cycle. 
If any probe move fails to bit the part, 
the cycle aborts, the probe returns to 
the start point, and system register 
[$PROBE_HIT) is set false. 

R < 0 : bore measurement with ob
structed center. The R word is the 
clearance distance inside of the nomi
nal diameter (P word) of the bore 
available for probe motion. 
Tbe R word must be a negative val
ue. 

Specifies type of offset (based on H 
word) to assign to the measured X 
axis bore location or to be used for 
computing offsets. 
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G78 Probe a Bore with Obstacle Program 
Words (continued) 

Word Description 

Optional J Word Reset Coordinate to 

y 

0 

A Word Angle 

B Word Angle 

CWord Angle 

H Word Type of offset to be set based 
on I and J words. Actions of this 
word are effected by the O word. 

D Word Overtravel Distance 

0 Word defines offset number to be 
set 

Comments 

Specifies type of offset (based on H 
word) to assign to the measured Y 
axis bore location or to be used for 
computing offsets. 

These cycle modal words sign angles 
measured counter clockwise from the 
+X axis at which the three measure
ments are made. Specifying the A, B, 
and C words cause the 3-point mea
surement to be made instead of the 
XY axis measurement. All three 
word angles must be programmed if 
any angle word is present. 
Note: Before 3-point measurement 
can be used the probe must be cali
brated for 360 degrees. 
For additional information refer to 
3-point measurement at the end of 
this chapter 

0 or not programmed = Setup Offset 
1 = Pallet Offset 
2 = Fixture Offset 
3 = Programmed Coordinate Offset 
5 = Programmable Tool Offset 
Refer to What Offsets Can Be Ad
justed on the following pages 

Specifies cycle modal probe overtra
vel distance allowed beyond the pro
grammed motion (half the nominal 
diameter from the center). If the D 
word is absent, the full programmed 
diameter (P word) is allowed before a 
"no hit" condition is detected. 

Optional with H = 0 
Required with H = 2, 3 or 5 ignored 
otherwise 
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G78 Probe a Bore with Obstacle Program 
Words (continued) 

Word Description Comments 

TWord Non- modal tool reference or record 
number of tb.e tool to be updated. 
Used with H5. 

UWord The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and toler-
ance limit exceeded error is reported. 

VWord The non- modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above whicb the offset is 
updated but an out of tolerance error 
is reported. 

WWord The non-modal W word specifies 
some variation in tbe measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
gramrned with a T word or witb HS. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

f Word Non-modal feedback which controls 
the percent of .feedback applied. 
Range values are from Oto 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 
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G78 Probe a Bore with Obstacle Program 
Words (continued) 

Word Description Comments 

LWord Non-modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register 
[$0UT_OF_TOL] or [$TOL_EX-
CEEDED] or [$ANGLE_ERROR] 
true and continue NC program execu-
tion. 
Refer to What Offsets Can Be Ad-
justed Tool Offset Tolerance on the 
following pages 
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XV Axes Bore Measurement With an Obstructed Center Cycle 
Action 

Obstructed center bore measurements are determined by programming an 
R word with a minus value R < 0. The following steps will occur: 

l. Position the probe near the nominal center of the bore. 

, X axis will move in the + X direction to the radical clearance position 
(P/2 + R word) (note the R word is negative). 

3. Advance the probe along the Z axis to the measurement deptb. 

4. Probe in the + X direction, limiting the move to P/2 + D word if Dis 
programmed, P/2 + R word if D is uot programmed. 

5. Retract in X axis by cycle parameter Probe Gage Height . 

6. Retract Z ax.is to the start position. 

7. Move in the - X direction to the radial clearance position. 

8. Advance the probe along the Z axis to the measurement depth. 

9. Probe in the - X direction, limiting the move to P/2 + D word if Dis 
programmed, P/2 + R word if D is not programmed. 

10. Retract in X axis by cycle parameter Probe Gage Height. 

11. Retract Z axis to the start position. 

12. Move to a position midway between the locations found in steps 4 and 
9. 

13. Y axis will move in the + Y direction to the radical clearance position 
(P/2 + R word). 

14. Advance the probe along the Z axis to the measurement depth. 

15. Probe in the+ Y direction, limiting the move to P/2 + D wOTd if D is 
programmed, P/2 + R word if D is not programmed. 

16. Retract Y axis by cycle parameter Probe Gage Height. 

17. Retract Z axis to the start position. 

18. Move in the - Y direction to the radial clearance posjtion. 

19. Advance the probe along the Z axis to the measurement depth. 

20. Probe in the - Y direction, limiting the move to P/2 + D word if Dis 
programmed, P/2 + R word if Dis not programmed. 

21. Retract Y axis by cycle parameter Probe Gage Height. 

22. Retract Z axis to the start position. 

23. Move to a position midway between the locations found in steps 15 and 
20. 

24. Repeat steps 2 through U at the new Y axis position. 
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25. Position to the computed center of the bore. 

26. Perform any require coordinate offset or tool length offset adjustments 

XY Axes Bore Sample Drawing With Obstruction 

Drawing Definition 
Reference 
Number 

1 Probe Start Point 

2 Radial Clearance Position 
,., 
.) Limit the move to P/2 + D if (D word) is programmed 

4 Limit the move to P/2 + R if (D word) is not programmed 

5 Z Incremental (Z word) 

6 Nominal Width (P Word) 

7 Measured Center 

8 Probe Target Position 

9 Estimated Centerline 

10 Inside clearance distance (R word) 

1 ~1 ~ 7 

104 r ~ )+- 2 < (D 

5ti / I 

• \, 
I .JJ • 
I 

8 

I 

1- -
4 - I I 6 I 

- 3 I I 
~ 

I 

I 
I 

+-- 9 
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3-Point Measurement Over Obstruction 

The 3-point measurement capability allows partial measurement of bores 
with cutouts located on the X or Y axis centerline. The A, B, and C angle 
words programmed in the 078 block command the probe to make three 
moves from the R word clearance toward the periphery of tbe bore. 
Measurement moves over an obstiuction are defined by an R word with a 
minus value R < 0. 

Note: Before 3-point measurements can be used the you must have a probe 
calibrated for 360 degree. 

Basic Movements of 3-Point Measurement with Obstruction 

1. Move axes to nominal center of bore start point 

2. Move at A degrees from the + X direction to the radial clearance 
position (P/2 + R) (note that R is negative). 

3. Advance the probe along the Z axis to the measurement depth 

4. Probe A degrees from tbe + X direction limiting the move to P/2 + Dif 
D word is programmed, P/2 + R if D word is not programmed. 

5. Retract by Probe Gage Height. 

6. Retract in Z to the start position. 

7. Move al B degrees from the t X direction to the radial clearance 
position (P/2 + R) (note that R is negative). 

8. Advance the probe along the Z axis to the measured depth. 

9. Probe B degrees from the+ X direction limiting the move to P/2 + D if 
D word is programmed, P/2 + R if D word is not programmed. 

10. Retract by Probe Gage Height. 

11. Retract in Z to the start position. 

12. Move at C degrees from the + X direction to the radial clearance 
position (P/2 + R) (note that R is negative). 

13. Advance the probe aJong the Z axis to the measured depth. 

14. ProbeCdegxeesfrom the +X direction limiting the move to P/2 + D if 
D word is programmed, P/2 + R if D word is not programmed. 

15. Retract by Probe Gage Height. 

16. Retract in Z to the start position. 

17. Position to the computed center of the bore. 

18. Perform any required coordinate offset or tool lenb,th offset adjust
ments. 
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What Offsets Can Be Adjusted 

Following a successful measurement, the measured true position of the bore 
center can be used to set a coordinate offset. The selection of which offset 
to adjust is controlled by the optional parameters specified. In order to set 
any offset, the I and J words or 3-point measurement A, Band C words must 
be programmed. 

G78 computes error between the nominal center of the bore (specified by 
the I and J words) and the measured center. This data is stored in the 
following system registers: 

[$X_POS_ERROR] is the error in X and Y axis 
[$Y_POS_ERROR] 
[$TRUE_POS_ERR] is the error distance from the nominal value to the true 

[$SIZE_ERROR] 
center 
if the optional P word nominal size is specified, this 
value is the error between the nominal size and mea
sured size 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X and Y axis can be changed 
when the H word is O or absent, and the O word is absent. The X and Y axis 
position, and I and J word values are used to compute centerline offsets. The 
control performs a G92.l Position Set to the active setup offset values. 

G78 Xl0 Y12Z-10110.2112.2 R-.025 P4; Find center of 4 inch bore and 
update current active multiple setup offset 

Setting Selected Setup Offsets 

To apply offsets to a setup other than the active setup, the H word is O or 
absent, and the O word value is used to specify the setup record number. The 
X and Y axis position, and I and J word values are used to compute 
centerline offsets. The control performs a G92.1 Position Set to the O word 
selection. 

G78 XlO Y12Z-10110112 02 R-.025 P2; Find center of 2 inch bore and 
update multiple setup offset 2 
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Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set these offset values, the H word specifies the type of offset, and the 
0 word specifies which offset record. The X and Y axis position, and I and 
J word values or A, B, and C words values are used to compute centerline 
offset. The following examples will write offset values to their respected 
tables. 

Setting a Pallet Offset 

078 XlO Y12Z- 10110112 Hl R-.025 P3; Find center of3 inch bore and 
update current active pallet values 

Setting a Pi.xture Offset 

G78 Xl0 Y12Z-10110 .T12 H2 03 R-.025 P2; Find center of 2 inch bore 
and update Fixture offset 3 values 

Setting a Programmable Coordinate Offset 

G78 Xl 0 Y12 Z-10 Tl 0 112 H3 05 R-.025 P3 ; Find center of 3 inch bore 
and update Programmable coordinate offset 5 values 

Changing Programmable Tool Offset Table Diameter value 

Since X and Y axes are used for measurement, the Programmable Tool 
Offset table diameter value can be change by programming HS with an 0 
word and no T word. The tool is adjusted by data in system register 
f$S1ZE_ERR0R]. 

G78 XlO Y12Z-5110.21122 HS 06 R-.025 P4; change tool diameter 
record number 6 programmable tool table value. 

Changing Tool Table Diameter Offset value 

Since X and Y axes are used for measuremeut, the Tool Table Offset 
diameter value can be change by programming HS with a Tword. The tool 
is adjusted by data in system register f$SIZE_ERROR]. 

G79 XlO Yl2 Z-5 110.2 D2.2 HS T6 R- .025 P3 ; Change tool table 
diameter offset value record number 6 
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Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the V word and system register [$TRUE_ POS _ERR] exceeds the V word 
value, [$OUT_OF TOL] is set true (non- zero). 

If the U word and system register [$TRUE_POS_ERR] exceeds the U word 
value, [$TOL_EXCEEDED] is set true (non-zero). 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test 
[$PROBE_HIT] to determine whether or not the cycle completed its 
measurements. Also, system registers [$OUT_ OF_ TOL], and 
[$TOL_EXCEEDED] are tested to determine whether an error 
occurred. 

G78 Programming Considerations 

• 

• 

• 

• 

• 

• 

• 

Prior to executing the G78 cycle, the NC program must position the 
probe near the center of the bore to be measured. 

For each axis programmed in the G78 block the probe moves from the 
current position toward the programmed endpoint at the cycle 
parameter Probe Approach Feedrate. 

The R word must be a minus number R < 0 . 

If no probe hit is detected, system register [$PROBE_ HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value (or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 

When using 3- point measurement the probe must be calibrated for 360 
degrees. 

When using 3-point measurement the A, B, and C words must all be 
programmed. 
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G79 Probe to Measure a Web 

To select web measurement the G79 program block must contain an R word 
with a positive value R > 0. The cycle measurement that takes place is made 
along the measurement line, which is a line through the starting probe stylus 
position to the programmed XY endpoint. Once measurement is made, data 
is collected and stored in the following system registers: 

[$PROBE HlTl Set true non-zero with probe hit 

[$PRB _ WIDTH] is the measured width 

f$PRB_PART_LOC(X)j records center measurement coordinates 
($PRB _ PART_LOC(Y)] 

[$PRB _PART_ LOC(Z)] used to set the Z axis dimension at which the mea-
surements were made. 

Note: If the web measurement is made along a vector that lies at an angle 
to the X and Y axis, you should be using a calibrated 360 degree 
p robe for greater measurement accuracy. 

G79 Probe to Measure a Web Program Words 

Word Description Comments 

XWord Specifies nominal coordinates of one 
y end of the measurement line. 

• 
I 

0 
X 

YWord Specifies nominal coordinates of one 
y end of the measurement line. 

• 
' 

O, - X 

ZWord 

] 
Specifies nominal signed incremental 
distance to move from the start point 
to the Z axis location at wh.ich the 
measurements are to be made. - - + 

ll l 
+ + + - -

I I 
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G79 Probe to Measure a Web Program Words (continued) 

Word Description 

Probe Process Q Word 

Comments 

QO Double Hit 
Ql Single Hit 
The first move for a double hit cycle 
(the only move for single hit mea
surements) the probe retracts by 
Probe Gage Height cycle parameter 
and makes a second measurement 
move of twice Probe Gage Height at 
the P robe Measurement Feedrate 
cycle parameter. 
The final position of the probe is on 
the measured centerline of the web at 
the initial Z axis position. The values 
of system registers 
[$PRB_POS_MC], and 
[$PRB _ POS _ PC] reflect the location 
of the last probe move completed in 
the cycle. 
If any probe move fails to hit the part, 
the cycle aborts, the probe returns to 
the start point, and system register 
[$PROBE_ HIT] is set false. 

R+ Word Clearance Distance (positive) Specifies non-metal signed radial -
,f.:"- H • · - t 

£ 
Optional P Word Width 

Optional I Word Reset Coordinate to 
Y' 

0 
X' 

measurement clearance distance out
side of the wall of the web (the pro
grammed XY coordinate) available 
for probe motion. 
The R word must be positive for web 
measurement 
R>O. 

Specifies non-modal unsigned nomi
nal width of the web to be measured. 

Specifies non-modal type of offset 
(based on H word) to assign to the 
measured X axis coordinates of the 
center of the measured web. 
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G79 Probe to Measure a Web Program Words (continued) 

Word Description Comments 

Optional J Word Reset Coordinate to Specifies non-modal type of offset 

Y' (based on H word) to assign to the 
measured Y axis coordinates of the 
center of the measured web. 

0 
X' 

H Word' Type of offset to be set based Non-modal offset number used to set: 
on r and J words. Actions of this 0 or not programmed = Setup Offset 
word are effected by the O word. 1 = Pallet Offset 

2 = Fixture Offset 
3 = Programmed Coordinate Offset 
5 = Programmable Tool Offset 
Refer to What Offsets Can Be Ad-
justed on the following pages addi-
tional information. 

D Word Overtravel Distance Non-modal probe overtravel distance 
allowed beyond the programmed mo-
tion (the XY coordinate pro-
grammed). If the D word is absent, 
the value of cycle parameter Probe 
Gage Heigh1 is used. 

0 Word defines offset number to be Optional with H = 0 
set Required with H = 2, 3 or 5 ignored 

otherwise 

TWord Non-modal tool refere11ce or record 
number of the tool to be updated. 
Used with H5. 

UWord The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and taler-

auce limit exceeded error is reported. 

VWord The non-modal V word specifies a 
tolerance below wl1ioh the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 
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G79 Probe to Measure a Web Program Words (continued) 

Word Description Comments 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with I-15. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

FWord Non- modal feedback which controls 
the percent of feedback applied. 
Range values are from 0 to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 

LWord Non-modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register 
[$0UT_OF_TOL] or [$TOL_EX-
CEEDED] or [$ANGLE_ERROR] 
true and continue NC program execu-
tion. 
Refer to What Offsets Can Be Ad-
justed Tool Offset Tolerance on the 
following pages additional informa-
tion. 
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Web Cycle Action 

To measure a web the G79 block must contain an R word with a positive 
value R > 0. 

Before the G79 block is executed, the NC program must position the probe 
near the center of the web to be measmed at a Z axis position that is clear 
of any obstruction. When G79 is executed the following steps will occur: 

1. X and Y axis move to the programmed 1ocation (the end of the 
measurement line, which is the nominaJ part surface location) plus tbe 
clearance amount specified by the R word. 

2. Advance Z a.'l'.is to depth. 

3. Probe toward center of web aloogmeasurement line. This move is the 
R word clearance plus D word overtravel allowance. 

4. Retract from the probe hit position by cycle parameter Probe Gage 
Height. 

5. Retract in Z axis to the starting Z dimension. 

6. M ove X and Y to the opposite end of the measurement line plus the 
clearance specified by the R word .. 

7. Advance the probe along the Z axis by the Z word increment. 

8. Probe toward center of web along measurement line. This move is the 
R word clearance plus D word overtravel allowance. 

9. Retract from the probe hit position by cycle parameter Probe Gage 
Height. 

10. Retrac1 in Z axis to the starling Z dimension, 

11. Position in XY to the measured center of the web 
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Cycle Action Sample Drawing 

Drawing Definition 
Reference 
Number 

1 Probe Start Point 

2 Measurement Line 

3 Overtravel Allowance (D word) 

4 Outside clearance distance (R word) 

5 Z Incremental (Z word) 

6 Programmed XY Location 

7 Measured Center 

8 Probe Target 

9 Nominal Width (P word) 

4 7 

• 
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What Offsets Can Be Adjusted 

Following a successful web measurement, the measured true position of the 
web center can be used to set a coordinate offset. The selec6on of which 
offset to adjust is controlled by the optional parameters specified. In order 
to set any offset. the 1 and J words must be programmed. 

G79 computes error between the nominal center of the web (specified by 
the I and J words) and the measured center. This data is stored in the 
following system registers: 

[$X_POS_ERROR] is the error in X and Y axis 
[$Y _POS_ERROR] 

[$TRUE_POS_ERRI ls the error distance from the nominal value to the true 
center 

[SS1ZE_ERROR] if the optional P word nominal size is specified, this 
value is the error between the nominal size and mea-
sured size 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X and Y axis can be changed 
when the H word is 0 or absent. and the O word is absent. The X and Y axis 
position, and l aud J word values are used to compute centerline offsets. The 
control performs a G92.1 Position Set to tbe active setup offset va1ues. 

G79 Xl 0 Y12 Z-10 110.2 J12.2 R.025 P4 ; Find center of 4 inch web and 
update the current active multiple setup offset 

Setting Selected Setup Offsets 

To apply offsets to a setup other than the active setup, the H word is 0 or 
absent, and the O word value is used to specify the setup record number. The 
X and Y axis position, and I and J word values are used to compute 
cenl'erline offsets. The control performs a G92.1 Position Set to the active 
setup offset values. 

G79 XlO Y12 Z-10 Il0 112 02 R.025 P2 ; Find center of '2 inch web and 
update multiple setup record offset 2 
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Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set these offset values, the H word specifies the type of offset, and the 
0 word specifies which offset record. The X and Y axis position, and I and 
J word values are used to compute centerline offsets. The following 
examples wi11 write offset values to their respected tables. 

Setting a Pallet Offset 

G79 XlO Y12Z-10110 J12 Hl R.025 P3; Find center of 3 inch web and 
update current active pallet values 

Setting a Fixture Offset 

G79 XlO Y12Z- 10 110112 H2 0 3 R.025 P2 ; Find center of2 inch web 
and update Fixture offset 3 values 

Setting a Programmable Coordinate Offset 

G79 Xl0 Y12Z-10110 J12 H3 05 R.025 P3; Find center of 3 inch web 
and update Programmable coordinate offset 5 values 

Changing Programmable Tool Offset Table Diameter value 

Since X and Y axes are used for measurement, the Programmable Tool 
Offset table diameter value can be change by programming HS with an 0 
word and no T word. The tool is adjusted by data in system register 
[$S1ZE_ERROR]. 

G79 Xl0 Y12 Z-5 110.2 J12.2 HS 06 R.025 P4 ; change tool diameter 
record number 6 programmable tool table value. 

Changing Tool Table Diameter Offset value 

Since X and Y axes are used for measurement, the Tool Table Offset 
diameter value can be change by programming HS with a T word. The tool 
is adjusted by data in system register [$SIZE_ERROR]. 

G79 XlO Y12Z-5110.2 J12.2 HS T6 R.025 P3; Change tool table diameter 
offset value record number 6 
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Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit). the V word (tolerance) and the W word (null 
band). 

If the V word a11d system register [$TRUE _POS _ERR] exceeds the V word 
value, f$OUT_OF TOL] is set true (non-zero). 

If the U word and system register [$TRUE _POS _ERR] exceeds the V word 
value, [$TOL_EXCEEDED] is set trµe (non-zero). 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test 
[$PROBE_HIT] to determine wbetber or not the cycle completed its 
measurements. Also, system registers [$OUT_ OF_ TOL J, and 
[$TOL _ EXCEEDED] are tested to determine whether an error 
occurred. 

G79 Programming Considerations 

• 

• 

• 

• 

• 

• 

Prior to executing the 079 cycle, the NC program must position the 
probe near the center to be measured. 

For each axis programmed in the 079 block the probe moves from the 
current position toward the programmed endpoint at the cycJe 
parameter Probe Approach Feedrate. 

The R word must be a plus number R > 0 for web measurements . 

If no probe hit is detected, system register f$PROBE_HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward tbe part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value ( or Probe Gage 
Height if D is absent) at cycle parameter Probe Measureme111 
Feedrate. 

If the web measurement is made along a vector that lies at an angle to 
theXand Y axis, you should use be using a calibrated 360 degree probe 
for greater measurement accuracy. 

Cinolnnarl Mnar.ron 6-SP-98075• • 



[$PROBE HIT] 

[$PRB _ WIDTH] 

[$PRB] ART_LOC(X)) 
[$PRB _PART_ LOC(Y)] 

[$PRB PART LOC(Z)) 
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G79 Probe to Measure a Pocket 

To select pocket measurement the G79 program block R word must equal 
0 or be absent. The cycle measurement that takes place is made along the 
measurement line, which is a line through the starting probe stylus position 
to the programmed XY endpoint. Once measurement is made, data is 
collected and stored in the following system registers: 

Set true non-zero with probe hit 

is the measured width 

records center measurement coordinates 

used to set the Z axis dimension at which the measurements were made. 

Note: If the pocket measurement is made along a vector that lies at an 
angle to the X and Y axis, you should use a be calibrated 360 de
gree probe for greater measurement accuracy. 

G79 Probe to Measure a Pocket Program Words 

Word Description Comments 

XWord Specifies nominal coordinates of one 
y end of the measurement line. 

" 

• 

0 
, x 

YWord Specifies nominal coordinates of one 
y end of the measurement line. , 

• 

0 
>X 
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G79 Probe to Measure a Pocket Program Words (continued) 

Word Description 

ZWord 

Probe Process Q Word 

I 

R Word Clearance Distance (R = 0 or 
absent) 

Optional P Word Width 

Comments 

Specifies nominal signed incremental 
distance to move from the start point 
to the Z axis location at which the 
measurements are to be made. 

Q0 Double Hit 
Ql Single Hit 
The first move for a double hit cycle 
(the only move for single hit mea
surements) the probe retracts by 
Probe Gage Height cycle parameter 
and makes a second measurement 
move of twice Probe Gage Height at 
the Probe Measuremelll Feedrate 
cycle parameter. 
The final position of the probe is on 
the measured centerline of the web at 
the initial Z axis position. The values 
of system registers 
[$PRB_POS_MC], and 
[$PRB_pos_pq reflect the location 
of the last probe move completed in 
the cycle. 
If any probe move fails to hit the part, 
the cycle aborts, the probe returns to 
the start point, and system register 
[$PROBE_HIT] is set false. 

Specifies pocket measurement where 
the center of the pocket is free of ob
structions. 
The R word must equal O or absent 
for pocket measurement with no ob
struction. 
R = 0 or absent. 

Specifies non-modal unsigned nomi
nal width of the pocket to be mea
sured. 
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G79 Probe to Measure a Pocket Program Words (continued) 

Word Description Comments 

Optional I Word Reset Coordinate to Specifies non- modal type of offset 
Y' (based on H word) to assign to the 

" measured X axis coordinates of the 
center of the measured pocket . 

. .. 

0 
X' 

Optional J Word Reset Coordinate to Specifies non-modal type of offset 
Y' (based on H word) to assign to the 

measured Y axis coordinates of the 
center of the measured pocket. 

0 
,. x' 

H Word Type of offset to be set based Non-modal offset number used to set: 
on I and J words. Actions of this 0 or not programmed = Setup Offset 
word are affected by the O word. 1 = Pallet Offset 

2 = Fixture Offset 
3 = Programmed Coordinate Offset 
5 = Programmable Tool Offset 
Refer to What Offsets Can Be Ad-
justed on the following pages for 
additional information. 

D Word Overtravel Distance Non-modal probe overtravel distance 
allowed beyond the programmed mo-
tion (the XY coordinate pro-
grammed). If the D word is absent, 
the value of cycle parameter Probe 
Gage Height is used. 

0 Word defines offset number to be Optional with H = 0 
set Required with H = 2, 3 or 5 ignored 

otherwise 

TWord Non-modal tool reference or record 
number of the tool to be updated. 
Used with HS. 

U Word The non-modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and taler-
ance limit exceeded error is reported. 
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G79 Probe to Measure a Pocket Program Words (continued) 

Word Description Comments 

VWord The non-modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with H5. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

FWord Non- modal feedback which controls 
the percent of feedback applied. 
Range values are from 0 to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 

LWord Non-modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$S1ZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non- modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fled tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register 
[$OUT_OF_TOL] or [$TOL_EX-
CEEDED] or [$ANGLE_ERROR] 
true and continue NC program execu-
tion. 
Refer to What Offsets Can Be Ad-
j usted Tool Offset Tolerance on the 
following pages for additional infor-
mation. 
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Pocket Cycle Action 

The actions to measure a pocket center is determined by programming an 
R word equaling O or absent. The following steps will occur: 

Position the probe near the nominal center of the pocket. 

1. Advance the probe along the Z axis by the incremental value specified 
in the Z word. 

2. Probe from the start point along the measurement line to the 
programmed XY axis location, continue beyond XY axis by the 
overtravel allowance specified by the D word if necessary. 

3. Probe in the opposite direction along the measurement line until the 
surface is found. This move continues for twice the distance from the 
initial point to the programmed XY location plus the overtravel 
allowance specified by the D word. 

4. Position to the computed midpoint of the measurement line. 

5. Retract the probe to the Z axis start point. 

6. Next, any required coordinate offset or tool offset adjustments are 
performed. 

Cycle Action Sample Drawing 

Drawing Definition 
Reference 
Number 

1 Probe Start Point 

2 Measurement Line 

3 Overtravel Allowance (D word) 

4 Measured Pocket Width, System Register [$PRB WIDTH] 

5 Nominal Width (P word) 

• I 
I 

~ ~ 

l 
3 

T 
5 4 o1 

~ 2 
~ 

" 
,, 

I 

Cincinnati Milacron 6-SP-98075-1 Page 2-121 



Page 2-122 

Changing Coordinates 

Following a successful pocket measurement, the measured true position of 
the pocket center can be used to set a coordinate offset. The selection of 
which offset to adjust is controlled by the optional parameters specified. In 
order to set any offset, the I and J words must be programmed. 

G79 computes error between the nominal center of the pocket (specified by 
the I and J words) and the measured center. This data is stored in the 
following system registers: 

[$X_POS_ERROR] 
[$Y_POS_ERROR] 
[$TRUE_POS_ERR 
] 
[$SIZE_ERROR] 

is the error in X and Y axis 

is the error distance from the nominal value to the true 
center 
if the optional P word nominal size is specified, this 
value is the error between the nominal size and mea
sured size 

Setting Offset of the Active Setup 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X and Y axis can be changed 
when the H word is 0 or absent, and the O word is absent. The X and Y axis 
position, and I andJ word values are used to compute centerline offsets. The 
control performs a G92.1 Position Set to the active setup offset values. 

G79 Xl0 Y12 Z-10 110.2 J12.2 P4; Find center of 4 inch web and update 
the current active multiple setup offset 

Setting Offset of a Selected Setup 

To apply offsets to a setup other than the active setup, the H word is 0 or 
absent, and the O word value is used to specify the setup record number. The 
X and Y axis position, and I and J word values are used to compute 
centerline offsets. The control performs a G92.1 Position Set to the active 
setup offset values. 

G79 XlO Y12 Z-10 110 J12 02 P2 ; Find center of 2 inch web and update 
multiple setup record offset 2 

Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set these offset values, the H word specifies the type of offset, and the 
0 word specifies which offset record. The X and Y axis position, and I and 
J word values are used to compute centerline offsets. The following 
examples will write offset values to their respected tables. 

Setting a Pallet Offset 

G79 XlO Y12Z-10110 J12 Hl P3 ; Find center of 3 inch pocket and update 
current active pallet values 

Setting a Fixture Offset 

G79 XlO Y12Z-10110 J12 H2 03 P2; Find center of 2 inch pocket and 
update Fixture offset 3 values 

Setting a Programmable Coordinate Offset 

G79 Xl0 Y12 Z-10 110 J12 H3 05 P3 ; Find center of 3 inch pocket and 
update Programmable coordinate offset 5 values 
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Changing Programmable Tool Offset Table Diameter value 

Since X and Y axes are used for measurement, the Programmable Tool 
Offset table diameter value can be change by programming HS with an 0 
word and no T word. The tool is adjusted by data in system register 
[$SIZE_ ERROR). 

G79 XlO Y12 Z-5 110.2 112.2 HS 06 P4 ; change tool diameter record 
number 6 programmable tool table value. 

Changing Tool Table Diameter Offset value 

Since X and Y axes are used for measurement, the Tool Table Offset 
diameter value can be change by programming HS with a T word. The tool 
is adjusted by data in system register [$SIZE_ERROR]. 

G79 XlO Y12Z-5110.2112.2 HS T6 P3 ; Change tool table diameter offset 
value record number 6 

Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the V word and system register ($TRUE _POS _ ERR) exceeds the V word 
value, [$OUT_OF TOL) is set true (non- zero). 

If the U word and system register [$TRUE_ POS _ERR] exceeds the V word 
value, [$TOL_EXCEEDED] is set true (non-zero). 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test 
[$PROBE_HIT) to determine whether or not the cycle completed its 
measurements. Also, system registers [$OUT_OF_TOL], and 
[$TOL_EXCEEDED] are tested to determine whether an error 
occurred. 
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G79 Programming Considerations 

• 

• 

• 

• 

• 

• 

Prior to executing the G79 cycle, the NC program must position the 
probe near the center of the pocket to be measured. 

For each axis programmed in the G79 block the probe moves from the 
current position toward the programmed endpoint at the cycle 
parameter Probe Approach Feedrate. 

The R word must be a plus number R > 0 . 

If no probe hit is detected, system register [$PROBE_ HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value ( or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 

If the pocket measurement is made along a vector that lies at an angle to 
the X and Y axis, you should use a be calibrated 360 degree probe for 
greater measurement accuracy. 

Cincinnati Milacron 6-SP- 98075-1 



[$PROBE_HIT] 

[$PRE_ WIDTH] 

[$PRB_PART_LOC(X)] 
[$PRB_PART_LOC(Y)] 

[$PRB_PART_LOC(Z)] 
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G79 Probe Pocket with Obstacle 

To select this measurement the G79 program block must contain an R word 
with a negative value R < 0. The cycle measurement that takes place is made 
along the measurement line, which is a line through the starting probe stylus 

position to the programmed XY endpoint. Once measurement is made, data 
is collected and stored in the following system registers: 

Set true non-zero with probe hit 

is the measured width 

records center measurement coordinates 

used to set the Z axis dimension at which the measurements were made. 

Note: 

XWord 

If the web measurement is made along a vector that lies at an angle 
to the X and Y axis, you should be using a calibrated 360 degree 
probe for greater measurement accuracy. 

G79 Probe Pocket with Obstacle 
Program Words 

Word Description Comments 

Specifies nominal coordinates of one 
end of the measurement line. 

--+--------..... Y. 
0 

YWord 

y 

-o----------=-x 

ZWord 

Specifies nominal coordinates of one 
end of tbe measurement line. 

Specifies nominal signed incremental 
distance to move from the start point 
to the Z axis location at which the 
measurements are to be made. 
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G79 Probe Pocket with Obstacle 
Program Words (continued) 

Word Description 

Probe Process Q Word 

Comments 

QO Double Hit 
Ql Single Hit 
The first move for a double hit cycle 
(the only move for single hit mea
surements) the probe retracts by 
Probe Gage Height cycle parameter 
and makes a second measurement 
move of twice Probe Gage Heigh! at 
the Probe Measurement Feedrafe 
cycle parameter. 
The final position of the probe is on 
the measured centerline of the pocket 
at the initial Z axis position. The val
ues of system registers 
[$PROBE_ HIT), 
[$PRB_POS_MC], and 
[$PRB_POS_PC] reflect the location 
of the last probe move completed in 
the cycle. 
If any probe move fails to hit the part, 
the cycle aborts, the probe returns to 
the start point, and system register 
[$PROBE_ HIT) is set false. 

R Word Clearance Distance (negative) Specifies the clearance distance in-
■ side of the pocket edge (the pro

grammed XY coordinate) for probe 
motion. 

l l 

-+ 

Optional P Word Width 

Optional I Word Reset Coordinate to 

-o-+----- ~---· x' 

The R word must be negative R < 0. 

Specifies non-modal unsigned nomi
nal width of the pocket to be mea
sured. 

Specifies non- modal type of offset 
(based on H word) to assign to the 
measured X axis coordinates of the 
center of the measured pocket. 
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G79 Probe Pocket with Obstacle 
Program Words (continued) 

Word Description 

Optional J Word Reset Coordinate to 

-0--t------'----➔:X' 

H Word Type of offset to be set based 
on I and J words. Actions of this 
word are effected by the O word. 

D Word Overtravel Distance 

0 Word defines offset number to be 
set 

TWord 

UWord 

VWord 

Comments 

Specifies non-modal type of offset 
(based on H word) to assign to the 
measured Y axis coordinates of the 
center of the measured pocket. 

Non-modal offset number used to set: 
0 or not programmed = Setup Offset 
1 = Pallet Offset 
2 = Fixture Offset 
3 = Programmed Coordinate Offset 
5 = Programmable Tool Offset 
Refer to What Offsets Can Be Ad
justed on the following pagesfor 
additional information. 

Non- modal probe overtravel distance 
allowed beyond the programmed mo
tion (the XY coordinate pro
grammed). If the D word is absent, 
the value of cycle parameter Probe 
Gage Height is used. 

Optional with H = 0 
Required with H = 2, 3 or 5 ignored 
otherwise 

Non-modal tool reference or record 
number of the tool to be updated. 
Used with HS. 

The non- modal U word specifies the 
upper tolerance limit above which no 
offset update is performed and toler
ance limit exceeded error is reported. 

The non-modal V word specifies a 
tolerance below which the measured 
error is applied to the specified tool 
offset and above which the offset is 
updated but an out of tolerance error 
is reported. 
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G79 Probe Pocket with Obstacle 
Program Words (continued) 

Word Description Comments 

WWord The non-modal W word specifies 
some variation in the measured values 
to occur without changing tool offset. 
The W word is only valid when pro-
grammed with a T word or with HS. 
Note: the null band should be large 
enough to prevent changing the tool 
offsets for measurement errors that 
are less than the measurement accura-
cy. 

FWord Non-modal feedback which controls 
the percent of feedback applied. 
Range values are from 0 to 100, rep-
resenting the percentage of the mea-
sured error to be applied to the tool 
length offset. 

LWord Non-modal experience correction for 
setting tool offsets. 
The L word value on a surface mea-
surement probe cycle specifies an 
amount to be added to the measured 
size before computing system register 
data [$SIZE_ERROR] 
The L word provides an adjustment to 
relate the measurements on the ma-
chine tool to a traceable standard such 
as a coordinate measurement ma-
chine. 

EWord Non-modal error action taken if the 
probe does not contact a surface or 
the measured error exceeds a speci-
fied tolerance limit 
0 or not programmed: abort and re-
port an alarm 
1: set system register 
[$OUT_OF_TOL] or [$TOL_EX-
CEEDED] or [$ANGLE_ERROR) 
true and continue NC program execu-
tion. 
Refer to What Offsets Can Be Ad-
justed Tool Offset Tolerance on the 
following pagesfor additional infor-
mation. 
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Obstructed Pocket Cycle Action 

To measure an obstructed pocket the 079 block must contain an R word 
with a negative value R < 0. 

Before the G79 block is executed, the NC program must position the probe 
near the center of the web to be measured at a Z axis position that is clear 
of any obstruction. When G79 is executed the following steps will occur: 

1. X and Y axis move to the programmed location (the end of the 
measurement line, which is the nominal part surface location) plus the 
clearance amount specified by the R word. 

2. Advance Z axis to depth. 

3. Probe toward outside of pocket along measurement line. This move is 
the R word clearance plus D word overtravel allowance. 

4. Retract from the probe hit position by cycle parameter Probe Gage 
Height. 

5. Retract in Z axis to the starting Z dimension. 

6. Move X and Y to the opposite end of the measurement line plus the 
clearance specified by the R word .. 

7. Advance the probe along the Z axis by the Z word increment. 

8. Probe toward outside of pocket along measurement line. This move is 
the R word clearance plus D word overtravel allowance. 

9. Retract from the probe hit position by cycle parameter Probe Gage 
Height. 

10. Retract in Z axis to the starting Z dimension. 

11. Position in XY to the measured center of the pocket 
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Cycle Action Sample Drawing 

Drawing Definition 
Reference 
Number 

1 Probe Start Point 

2 Measurement Line 

3 Overtravel Allowance (D word) 

4 Clearance (R word) 

5 Z Incremental (Z word) 

6 Programmed XY Location 

7 Measured Center 

8 Probe Target 

9 Nominal Width (P word) 

14----------g 

8 

6 
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What Offsets Can Be Adjusted 

Following a successful web measurement, the measured true position of the 
web center can be used to set a coordinate offset. The selection of which 
offset to adjust is controlled by the optional parameters specified. In order 
to set any offset, the I and J words must be programmed. 

G79 computes error between the nominal center of the web (specified by 
the I and J words) and the measured center. This data is stored in the 
following system registers: 

[$X_pOS_ERROR] is the error in X and Y axis 
[$Y_POS_ERROR) 
[$TRUE_POS_ERR] is the error distance from the nominal value to the true 

[$SIZE_ERROR] if the optional P word nominal size is specified, this 
value is the error between the nominal size and mea
sured size 

Setting Active Setup Offsets 

No matter what your machine configuration is, you will always have one 
active setup. The active setup offset values for X and Y axis can be changed 
when the H word is O or absent, and the O word is absent. The X and Y axis 
position, and I and J word values are used to compute centerline offsets. The 
control performs a G92.l Position Set to the active setup offset values. 

G79 XlO Yl2Z-10 110.2112.2 R-.025 P4; Find center of 4 inch pocket 
and update the current active multiple setup offset 

Setting Selected Setup Offsets 

To apply offsets to a setup other than the active setup, the H word is O or 
absent, and the O word value is used to specify the setup record number. The 
X and Y axis position, and I and J word values are used to compute 
centerline offsets. The control performs a G92.1 Position Set to the active 
setup offset values. 

G79X10Y12Z-10110112 02 R-.025 P2; Findcenterof2inchpocket and 
update multiple setup record offset 2 

Setting a Pallet, Fixture, or Programmable Coordinate Offset 

To set these offset values, the H word specifies the type of offset, and the 
0 word specifies which offset record. The X and Y axis position, and I and 
J word values are used to compute centerline offsets. The following 
examples will write offset values to their respected tables. 

Setting a Pallet Offset 

G79 XlO Y12 Z-10110112 Hl R- .025 P3; Find center of 3 inch pocket 
and update current active pallet values 

Setting a Fixture Offset 

G79X10 Y12 Z-10110J12H203 R-.025 P2; Find center of2 inch pocket 
and update Fixture offset 3 values 

Setting a Programmable Coordinate Offset 

G79 XlO Yl2Z- 10110112 H3 05 R-.025 P3; Find center of 3 inch pocket 
and update Programmable coordinate offset 5 values 
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Changing Programmable Tool Offset Table Diameter value 

Since X and Y axes are used for measurement, the Programmable Tool 
Offset table diameter value can be change by programming H5 with an 0 
word and no T word. The tool is adjusted by data in system register 
[$SIZE_ERROR] . 

G79 XlO Y12 Z-S 110.2 J12.2 HS 06 R-.02S P4; change tool diameter 
record number 6 programmable tool table value. 

Changing Tool Table Diameter Offset value 

Since X and Y axes are used for measurement, the Tool Table Offset 
diameter value can be change by programming H5 with a T word. The tool 
is adjusted by data in system register [$SIZE_ERROR] . 

G79 Xl0 Y12 Z-S 110.2 J12.2 HS T6 R-.025 P3 ; Change tool table 
diameter offset value record number 6 

Tool Offset Tolerances 

Tool offset adjustment can be influenced by the tolerances specified by the 
U word (upper tolerance limit), the V word (tolerance) and the W word (null 
band). 

If the V word and system register [$TRUE _POS _ERR] exceeds the V word 
value, [$OUT_OF TOL] is set true (non-zero). 

If the U word and system register [$TRUE_ POS _ERR] exceeds the V word 
value, [$TOL_EXCEEDED] is set true (non-zero). 

Tolerance reporting is determined by the E word. 

If the E word is absent, an alarm is reported and the NC program halts. 

If the E word= 1, no alarm is reported and NC program continues with 
the next block. When the E word is 1 the NC program test 
[$PROBE_HIT] to determine whether or not the cycle completed its 
measurements. Also, system registers [$OUT_ OF_ TOL] , and 
[$TOL_EXCEEDED] are tested to determine whether an error 
occurred. 
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G79 Programming Considerations 

• 

• 

• 

• 

• 

• 

Prior to executing the G79 cycle, the NC program must position the 
probe near the center of the pocket to be measured. 

For each axis programmed in the G79 block the probe moves from the 
current position toward the programmed endpoint at the cycle 
parameter Probe Approach Feedrate. 

The R word must be a negative number R < 0 . 

If no probe hit is detected, system register [$PROBE_ HIT] set to false 
(zero) and the probe retracts to the programmed position minus cycle 
parameter Probe Gage Height. 

If the Q word value is absent or zero, specifying a double hit cycle, the 
initial move toward the part is made at cycle parameter Probe 
Approach Feedrate. When the probe hits the part, it retracts by cycle 
parameter Probe Gage Height, then executes a second measurement 
move of Probe Gage Height plus the D word value (or Probe Gage 
Height if D is absent) at cycle parameter Probe Measurement 
Feedrate. 

If the pocket measurement is made along a vector that lies at an angle to 
the X and Y axis, you should be using a calibrated 360 degree probe for 
greater measurement accuracy. 
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Chapter 3 
Tool Probe Option 

General Information 

The tool sensor, or fixed probe is positioned within the machine travel 
envelope so that tools can touch the probe stylus. To measure and check 
tools, two probe cycles are provided, G68 Set Tool Size, and G69 Check 
Tool Size. G68 is used to measure tool length and diameter, after which, 
data can selectively be recorded in either the Tool Data Table or 
Programmable Tool Offset Table. G69 is used to check, update, and report 
tool status. 

G68 or G69 can be programmed using Resident Assistant Programming 
(RAP), Manual Data Input (MDI), or within the part program itself. For 
sample purposes, RAP illustrations are presented in this document. 

G68 Tool Setter Probe General Information 

Before any probe calibration is performed, do the Set Fixed Probe Tram 
Surface to define top position of the fixed probe stylus. 

Calibrate the Tool Setter Probe (using G68 PS, P6, or P7) first before any 
tool measurements. 

Diameter measurements using Y axis can be selected at the Machine 
Application TOOL PROBE menu, check box Use Y Axis to Measure Tool 
Diameter. Note, the Service password level must be active to change axis 
selection. 

Set Cycle Parameter Fixed Probe Clearance Height with the longest tool 
you will be using. This value will ensure adequate clearance above the Tool 
Setter Probe. 

G68 is a Non-modal G code; that is, it is active only in the block in which 
it is programmed and need not be replaced with a G 1 or GO to move the tool 
following a Set Tool Size cycle. 

Generally,' length for tools smaller in diameter than the tool probe are 
measured with the tool not rotating 

Tool diameter measurements are always made with the tool rotating. Also, 
two probe hits are used to determine the cutter high edge. 

When using G68 Ll to set tool lengths, always position the tool over the 
probe before executing. 

G68 Tool Probe Operations can be generated in MDI, by using Resident 
Assistant Programmer (RAP), or by NC programming. 

View Tool Setter Probe Coordinates 
Touch, press or set 

the following 

System 
),..Jlj--~• Configuration 

Comments 
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View Tool Setter Probe Coordinates (continued) 

Touch, press or set 
the following Comments 

The following display will appear:" (partial view) 

cl> Security I 
fuiU NC Programming 

Tool I 
I~ Machine 
n A Application 

J- Axes/Servo I 
~ Servo 
"11...j)J Tuning 

~ Error 
~Compensation 

Machine 
Application 

C!El CNC 
fr, Communication 
"t,J/ Setu 

EJ Storage 
Devices ~ 

_M_1_o __ M-70-'s .... l ~ Pub 

B80 Purchased 
[g] Option 

Add On 
Software 

Sif_: 
~ 

Auxiliary Axes I [g] 

I 

(Use arrows to locate Tool Setter Probe) 

The following display will appear: 
(Touch or Press Tool Setter Probe) 
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View Tool Setter Probe Coordinates (continued) 

Touch, press or set 
the following 

TOOL SETTER 
PROBE 

Comments 

Machine A lication 

TOOL SETTER 
PROBE 

Probe Port Connection Probe Contact 

~-Pr_ob_e_P_ort_#_1_~1 _ Normally Closed 

Probe Location X Axis 

+573.19141,,m 

Probe Loeatio-n Y AXis 

I +3243oojmm 

Probe Location Z Axis 

I t384.1369lrnm 

Probe Stylus Diemeter 

I +10.oooolmm 

Spindle Centerline Offset X Axis 

[ -43.4000lmrn 

Spindle Centerline Offset Y Axis 

+o.oooolmrn 

Spindle Gageline Offset 

I +0.0914lmm 

Probe Stylus Thickness 

I +s.oooojmm 

No Connection 

Use Y Axis to 
Measure Tool 

Dia, etet 

G69 Oia / Length Tolerance 

I +0.1270lmm 

Spindle Drtve Key Oearance 

I + 12.7ooqmm 

Cancel 

Probe Location X, Y, Z Axes, identifies the probe location in machine 
coordinates. 

Example A: Machine zero is located at the extreme+ Z axis travel 
position, which is usually the Z axis align position. The Probe 
Location Z Axis field value will be a negative number. 

NOTE: In example A, Machine zero is referenced at extreme +Z axis 
position. 

Example B: Machine zero is located at the table top or center of 
index, depending on machine type (vertical or horizontal). Tlie 
Probe Location Z Axis field value is the distance from the table 
top or center of index, depending on machine type (vertical or 
horizontal) to the top of the fixed probe stylus. The Probe 
Location Z Axis field value will be a positive number. 

NOTE: In example B, Machine zero referenced from the table top or cen-
ter of index, depending on machine type (vertical or horizontal). 

Spindle Centerline Offsets X and Y Axes values are machine coordinates 
which offset the spindle face for Fixed Tram Surface Measurement. When 
the spindle face hit occurs, the Cycle Parameter "Fixed Probe Tram 
Surface" FIX PRB TRAM value is set. 

Spindle Gageline Offset: For V flange tooling, the butt of the tool's flange 
does not actually seat against the spindle nose. This distance is the Spindle 
Gageline Offset. This value is normally derived from an off line tool 
measurement fixture. 
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G69 Diameter/Length Tolerance: This default tolerance is used when the 
G69 block contains no tolerance values. Normally, if this value is exceeded 
an Alert is posted, and the tool table field "Tool Status" is changed to mark 
the tool worn or broken. Program execution is determined by the E word 
programmed in the G69 block. 

Probe Related M-codes 

M68 - Advance Tool Probe (If Applicable) 

M68 causes the control to advance the Tool Probe into the Work Zone and 
prepares it for use. 

M69 - Retract Tool Probe (If Applicable) 
111Ce1 

-MS9..causes the Tool Probe to be retracted to its parked position, usually out 
of the Work Zone. 

What Cycle Parameters Are Used With the Tool Setter Probe 

Tool Setter Probe Cycle Parameters provide the operator with a means of 
entering and modifying parameters associated with tool setter probe 
operations. Most parameters can be overridden programmatically on an 
individual cycle basis. The table contains two sets of values: Program
mable Value, the set of active values, which the operator can alter as needed, 
and Base Value a set of default values, which can be configured under the 
Setup password. The active value can be reset to the default values by the 
probe cycles. 

To view or Change these cycle parameters, refer to the procedure: "Change 
Cycle Parameters" 

Spindle Probe and Tool Setter Probe cycle parameters will be both be 
displayed. Cycle parameters that are used by the Tool Setter Probe are listed 
below. Ranges and definitions may be found in Appendix A. 

Cycle Program Reference 

Probe Approach PRB APPR FRT - -
Dimensions Probe Measurement PRB MEAS FRT - -
Feed rate 

Rotating Tool Retract Distance FIX PRB RRET 

Probe Gage Height PROBE_GH 

Fixed Probe Tram Surface FIX PRB TRAM 

Fixed Probe Clearance Height FIX PRB CLR 
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Setting the Fixed Probe Tram Surface 

Before any probe calibration is performed, the top position of the 
fixed prob stylus must be defined. This procedure will use the 
Spindle Centerline Offsets X and Y Axis values to position the 
spindle face over the probe stylus. This procedure is normally only 
required when the probe physical location has been changed or a 
new probe has been installed. 

Touch, press or set Comments 
the following 

[I] 
~ Display must be either 

Production, Current, To Go or 

M6 TO; (Removes tool) 
Program. 

G68 01 (Specifies Single Hit) 

~ LU 
Action Sequence Usually spindle orientation takes 

'=' '--,. ~ -1~· +~r 

place with the keys positioned 
parallel with X axis. If you need 
to change orientation program a rr ~ er J word. 

Setup values Spindle Center-
line Offsets X and Y Axis 
determine spindle centerline off-
set. Usually Y axis is offset. 

Cycle Parameter Fixed Probe 
Tram Surface FIX PRB TRAM . - -
is updated. 
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What Calibrating the Probe Does 

Probe calibration data is the base value from which tool length and diameter 
measurements are calculated. So itis important to calibrate the probe before 
taking any tool measurements. After calibration, probe data is stored and 
used for calculating tool measurements. Also, it should be noted that only 
the most recent calibration data is retained by the control. Probe calibration 
is performed by programming G68 with PS, P6 or P7. Additional word 
descriptions for these cycles are listed later in this document. 

Calibrating the Probe Length with 
Known Length Tool 

To use this procedure a tool of precisely known length must be 
placed in the spindle. Therefore, the tool used for calibration should 
be a drill or other tool with a single point or smaller in diameter than 
the probe head. 

Ensure precision tool values are entered in the tool table. Place 
zero values in tool table fields X Probe Offset and Y Probe Offset 
for the precision tool. 

Note: If Tool Data is manually changed while the tool is in the 
spindle, you must call the tool again for new tool data to register. 
For example, if T6 is in the spindle and data is changed, in MDI sim-
ply enter T6 M6 and press Cycle Start to register new tool data. 

Touch, press or set Comments the following 

[J] 
~ 

Display must be either 
Production, Current, To Go or 

Program. 

M6Txx 
Txx is the precision tool used 

G68 P5 01 
for calibration loaded into the 

spindle 

~ [:ll 
Action Sequence 

Axis position to the probe center 

'

F 'tr, , ··•• •·.•·• line. Tool length calibration is '~ w performed with the spindle 

-~ +21 
stopped and with the spindle 
centerline on the probe center-

a ct er line. 
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Calibrating the Probe Diameter with 
Known Diameter Tool 

The tool probe is calibrated for diameter measurements by 
programming G68 P6 with a tool of precisely known diameter in the 
spindle. The tool used for calibration must be a smooth diameter 
since calibration is done with spindle stopped. 

Ensure precision tool data is entered in the tool table. Also, enter 
zero values in tool table fields X Probe Offset and Y Probe Offset 
to ensure spindle center line positioning over the probe. 

Note: Since the tool will position on all four sides of the probe for 
a full calibration, the tool diameter should be relatively small. 

Touch, press or set Comments the following 

[I] E 

~ 
Display must be either 

Production, Current, To Go or 
Program. 

M6Txx 
Txx is the arbor used for 
calibration loaded into the G68 P6 Q1 A .1 R.1 

spindle 

LLI t:u 
Calibration Sequence with Arbor Tool 
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Calibrating the Probe Length and Diameter with 
Known Diameter Tool 

The tool probe can be calibrated for length and diameter 
measurements at the same time by programming G68 P? with a 
tool of precisely known length and diameter in the spindle. The tool 
used for calibration must be a smooth diameter since calibration is 
done with spindle stopped. 

Ensure precision tool data is entered in the tool table. Also, enter 
zero values in tool table fields X Probe Offset and Y Probe Offset 
to ensure spindle center line positioning over the probe. 

Note: Since the tool will position on all four sides of the probe for 
a full calibration, the tool diameter should be relatively small. 

Touch, press or set Comments 
the following 

[I] E 

[ru Display must be either 
Production, Current, To Go or 

Program. 

M6Txx 
Txx is the arbor used for 
calibration loaded into the 

G68 P7 01 A .1 R.1 
spindle 

~ t:!I 
Calibration Sequence with Arbor Tool 
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How Offsets Are Updated with G68 

G68 computes tool length by subtracting the tool probe location (found 
during the most recent calibration cycle) from the measured tool tip 
location. The tool probe location value is stored in the Cycle Parameter 
Table as field fixed probe tram surface FIX _PRB _TRAM. G68 determines 
Tool diameter by executing two probe hits on the side to the stylus, then the 
computed difference between two tool edge locations is subtracted from the 
probe diameter determined by the most recent probe calibration. 

The tool data update performed by G68 can effect values in either the Tool 
Data Table or Programmable Tool Offsets Table. Specific actions of G68 
are defined by the P word, which tables are updated is determined by H and 
0 words. For example: 

HO or absent = 

Tool length 

Tool Data Table field Length is updated with the new measured 
tool length. 

Tool Diameter 

Tool Data Table field Diameter Offset will be updated. This value 
is calculated from the difference between measured tool diameter 
and the current Tool Data Table Nominal Diameter field value. 

HS programmed with O word 

Tool length 

The Programmable Tool Offsets Table column Length (record 
number is selected by the O word) will be updated. The value 
placed in this field is calculated from the difference between 
measured tool length and the Tool Data Table Length field value. 

Tool Diameter 

The Programmable Tool Offsets Table column Diameter (record 
number is selected by the O word) will be updated. The value 
placed in this field is calculated from the difference between 
measured diameter and the Tool Data Table Nominal Diameter 
field value. 
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How G68 Positions The Spindle Over The Tool Probe 

When 068 is executed, X and Y axes position in rapid traverse to the 
configured tool probe location. If there are no X and Y tool table probe 
offsets the spindle centerline is placed over the center of the probe. If there 
are X and Y tool table probe offsets, the spindle centerline is positioned 
away from the centerline of the tool probe by the these offsets. 

Since the length of the tool in the spindle is to be measured, the tool tip 
location is uncertain before measurement. To protect the tool probe from 
being hit duringXY moves, cycle parameter FixedProbeClearanceHeight 
FIX_PRB _ CLR is provided. This Z axis retract is acted on when the probe 
radius, plus the tool radius, and the spindle position are less then the Fixed 
Probe Clearance Height above the top of the fixed probe. In this case, Z 
axis retracts to the Fixed Probe Clearance Height before X and Y axis 
move. If the spindle is already positioned such that the tool is over the probe 
head, Z axis retract is not acted on. 

The Fixed Probe Clearance Height should be set to the longest tool length 
that is to be used. This value is the distance from the tool tip to the spindle 
face. For example, if the longest tool anticipated is 292.1mm (11.5 inches) 
in length, enter a slightly larger value 295.275mm (11.625) inches. Then, 
068 and 069 will rapid the spindle nose this distance plus cycle parameter 
Probe Gage Height above the fixed probe, thus ensuring adequate 
clearance. 

Note: Fixed Probe Clearance Height is measured from the spindle nose 
and must contain a value. This value is usually established during 
tool setup. However, the following syntax could be used to write 
to Cycle Parameter FIX_PRB_CLR. 

[$CYCLE_PARAMS(2)FIX_PRB_CLR]=ll.625 

Setting Fixed Probe Clearance Height Comments 

-Z 

IT 

B 

XY 
MOVE 

Fixed Probe Clearance Height is a 
value. 

In example A, since the spindle is 
already positioned over the probe, the 
spindle rapids to Probe Gage Height. 

In example B, the tool is below the 
probe . Z axis retracts, then X and Y 
axis position over the probe. 
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Setting the Tool Length Offset using the Current 
Spindle Position 

By using G68 with L 1 you can update a Tool Length Offset from the 
current spindle position. To use this feature the tool MUST be 
positioned over the probe. 

Note: When L 1 is specified, X and Y words may not be pro-
gram med. Also, the L word is ignored for diameter only measure-
ments (G68 P2) 

Touch, press or set Comments the following 

~ 
[ru Display must be either 

Production, Current, To Go or 
Program. 

M6 Txx Txx is the arbor used 
G68 L1 

~ t:u 
Action Sequence z axis feeds to contact the 

Y'-~'f 
probe. Tool length measure-
ment is performed with the 
spindle stopped. Two hits of the 
probe take place. er y j ri Tool Data Table Length field is 
updated. 

Cincinnati Milacron 6- SP-98075-1 Page 3- 11 



Page 3-12 

How Does G69 Checks Tool Tolerance 

When G69 measurements are completed, length is checked against the 
tolerance specified by Kand Z words, and diameter is checked against the 
tolerance specified by U and V words. If any words are omitted in the G69 
block, default setting G69 Dia/Length Tolerance is used. 

When G69 completes a measurement cycle, two fields 
[$PRB_TOOL_ERR] (for tool length error), and [$PRB_DIA_ERR] (for 
tool diameter error) will contain the error data. You can view this data by 
selecting the System Registers Probe field as follows: 

View Tool Tolerance Data 

Touch, press or set Comments the following 

~ 
~ 

The following display will appear: 

Select a Disela~ I 
Display Groups Menus 

>I~ ~ Axis ♦ ~ Home Plotter 
Displays Menu Menu 

~ Offset > ~Coo~inat ♦ ~ Table I Displays Menu 
Setup 

g Other > 
"'~"w 

~ 
Axis 

Displays Setup > iE Drawing 
Menu View Menu 

Select Axis Dis la 

~ 
Cycle ;::.ton11r,.ure11 I:: Program > Function1.: Parameters 

Current Menu Menu 

To Go 

~ Counter 

~ 4View > More Menu 
I Selections 

Limits Time 

Servo 
,w 

Servo Setup □ SetupHome ✓ X Display 

~ Other Displays > 
□ Other Displays > Touch to change 
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l,l 
II 

1, 

Tool 

Program 
(PRB_POS_PC) 
X +0.000000 
Y +0.000000 
Z +0.000000 
6 +0.00000 

·-

Command 

t >< +22.514921 
y +32.418772 
z +37.401575 
B +0.00000 

View Tool Tolerance Data (continued) 

View Drawin 
Plotter 
Cycle Parameter 
Program Parameter 
Process Control Da 

...:LI 
Touch Probe. 

Touch to highlight 

Machine: System Rcgistors Home Menu 

Program 

Machine 
(PRB_POS_MC) 
X +0.000000 
Y +0.000000 
Z +0.000000 
B +0.00000 

.·: Probe 

Probe Positions 
Part Loe. 

(PRB_PART _LDC) 
X +0.000000 
Y +0.000000 
Z +0.000000 

Servo 
I I 

Misc. 

Deminsions 
X: (PRB_X_DIA) +0.000000 
Y: {PR B _ Y _DIA) +O. 000000 
Avg: (PRB_AVG_DIA) +0.000000 
'Width: (PR B _WIDTH) +0. 000000 

Tool Deviation Hit 

Current 
Display 

r To Go Display 

[PRB_TOOL_EAR] t0.000000 · [PRO BE_HIT) . -tO 11 [~ I Part Program 
~ Plotter (PRB_Dl,o._ERR) +0.000000 

(OUT OF TOL) +O ·-
~ Programmable -

Program 
fCURPOS PGM l 
X +22.514921 
Y +32.416772 
z +37.401575 
B +0.00000 

·-
Axis Positions 

Machine Zero Shift 
fCURPOS MCHl 
X +22.514921 X +0.000000 
Y +32.418772 y +0.000000 
z +37.401575 z +0.000000 
B +0.00000 B +0.00000 

- -

Next 

l~L I Offsets 

IJ Programs 

Edit This 

ffi Program 
Functions 

- ~ . 

bm ~ 
BACK DISPLAY HOME 

Under Tool Deviation the system registers used are as follows: 

[$PRB_ TOOL_ERR] This value is the error computed between tool length 
measurement, and the Tool Data Table Length field value. 

[$PRB _ DIA_ ERR) This value is the error computed between tool diameter 
measurement and the Tool Data Table Nominal Diameter field value. 
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P0,Pl,P2,P3,P4 

Measured Length 
Is Within Tolerance 

Measured Length 
ls Out Of Tolerance 
Too Short 

Measured Length 
ls Out Of Tolerance 
Too Long 

Tool Did Not Hit 
Probe 

Measured Diameter 
Is Within Tolerance 

Measured Diameter 
Is Out Of Tolerance 
Too Small 

Measured Diameter 
ls Out Of Tolerance 
Too Large 

Page 3-14 

System Register 

Set 
[$PRB_TOOL_ERR] to 
measured error 

Set 
[$PRB_TOOL_ERR] to 
measured error. 
Set 
[$OUT_OF_TOLJ =1 

Set 
[$PRB_TOOL_ERR] to 
measured error. 
Set 
[$OUT_OF_TOL] =1 

Set 
[$OUT_OF_TOL] =1 

Set 

[$OUT_ OF_ TOL] Is set to 1 when the measured error exceeds the tolerance 
boundary. When set (1), the E word programmed in the G69 block is acted 
on. 

[$PROBE_HIT] Is set to 1 when a probe hit occurs. 

How G69 Determines What Action To Take 

Just like 068, the type of measurement 069 will use is specified by the P 
word. After measurement, the action that is taken is determined by the E 
word selection. The table below is a quick reference for each E word 
selection. These selections are repeated in each G69 write- up later in this 
document. 

E0 or Absent El E2 

Update Tool Length No Tool Table update No Tool Table update 
in Tool Table continue continue program ex- continue program exe-
program execution ecution cution 

Report an Alarm stop Jump to label set by Report an Alarm, stop 
program execution most recent ATR program execution Tool 
Tool Table is updated. block Table is Not updated. 
Tool Status is marked Tool Status is marked 
Worn Worn 

Report an Alarm stop Jump to label set by Report an Alarm, stop 
program execution most recent ATR program execution Tool 
Tool Table is Not up- block Table is Not updated. 
dated Tool Status is marked 

Worn 

Report an Alarm stop Jump to label set by Report an Alarm, stop 
program execution most recent ATR program execution Tool 
Tool Table is updated. block. Table is Not updated. 
Tool Status is marked Tool Status is marked 
Broken Broken 

Update Diameter Off- No update continue No update continue pro-
[$PRB_DIA_ERR] to mea- set in Tool Table, con- program execution gram execution 
sured deviation tinue program execu-

tion 

Set Report an Alarm stop Jump to label set by Report an Alarm, stop 
[$PRB_DIA_ERR] to mea- program execution most recent ATR program execution Tool 
sured deviation. Tool Table is Not up- block Table is Not updated. 
Set dated Tool Status is marked 
[$OUT_ OF_ TOLJ =1 Worn 

Set Report an Alarm stop Jump to label set by Report an Alarm, stop 
[$PRB_DIA_ERR] to mea- program execution most recent ATR program execution Tool 
sured deviation. Tool Table is Not up- block Table is Not updated. 
Set dated Tool Status is marked 
[$OUT_OF_TOL] =1 Worn 
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Automatic Tool Recovery (ATR) (Option) 

The Automatic Tool Recovery ( or ATR type II block) provides a means to 
specify a section of the NC program designated to handle an exception 
condition such as a broken tool detected by a G69 probe cycle. 

The effect of the ATR block is to define the label specified in the ATR block 
as the active exception handler. If any subsequent exception is reported 
(such as a broken tool) the NC program execution transfers to the 
ATR-specified label. The exception handler typically determines whether 
there is any feasible recovery and either attempts the recovery or aborts the 
program. Recovery strategies typically include loading an alternate tool 
and re-machining the portion of the part that was machined with the 
defective tool. 

When an exception handler receives control, system register [$EXCEP
TION] will contain a number that specifies the cause of the exception. 
Exceptions are shown in the table below. 

[$EXCEPTION] Value Meaning 

0 No Exception Present 

1 Worn Tool 

2 Broken Tool 

3 Oversize Tool 

4 Wear Limit Exceeded 

You can veiw the exception value as follows: 

From the Home menu touch DISPLAY. 

Touch Other Displays. 

Touch System Registers to highlight. The touch the Green check button. 

Touch Program. 

Do I Have the ATR Option 

To find out if you have the ATR option proceed as follows: 

From the HOME menu touch MORE. 

Touch System Configuration. 

Touch Purchased Options 

Use down arrow buttons to select Automatic Tool Recovery option. The 
Authorization field should display Permanent, and the Enabled field 
should display Yes. 
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ATR Simple Program 

The following simple program briefly shows the function of an ATR block. 
For in depth information refer to your programming manual (ATR) 
Automatic Tool Recovery. 

: Tl M6 ; Selects tool 1 for measurement 
(ATR, L [MEASURE_TOOL]); Defines ATR block label 
G91 ZlO ; Set incremental move to Z axis location 
X-5 Y- 6; move X and Y axis 
G69 PO El ; check tool length 
(#OPERATION]=l 
[OPl] 
G91 ZlO; move Z axis out of part 
X-3 Y-3 ; move X and Y axis 
M2 ; end program ---
[MEASURE_ TOOL] ; ATR jump label 
(IF [$EXCEPTION]=l THEN) ; if exception handler sets tool worn jump 
to OPl and execute program 
(GOTO[OPl]) 
(ENDIF) 

G69 Tool Setter Probe General Information 

Measured tool length tolerance can be viewed on the System Register menu 
[$PRB_TOOL_ERR]. 

Measured tool diameter tolerance can be viewed on the System Register 
menu [$PRB_DIA_ERR]. 

Tool diameter measurements are always made with the tool rotating. 

G69 cycles are Non-modal G codes, that is, they are active only in the block 
in which they are programmed and need not be replaced with a G 1 or GO 
to move execution. 

If either length or diameter tolerance words are omitted in the G69 block, 
the G69 Dia/Length Tolerance value in the Machine Application TOOL 
PROBE menu is used as the default tolerance. 

The E word defines what program action is taken. 

G69 Tool Probe Operations can be generated (in MDI), by using Resident 
Assistant Programmer (RAP), or by NC program. 
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G68 - Set Tool Size Program Information 

G68 Set Length PO Spindle Stopped 
Program Words 

Word Description 

y 

,,io-------➔ X 

T 

Comments 

X and Y are the optional incremental 
offsets from the spindle centerline to 
the point on the tool to be measured. 
If either of these values are not pres
ent, X and/or Y Probe Offsets from 
the Tool Table is used 
If an Offset is programmed, the X 
and/or Y P.-obe Offset value in the 
Tool Table is updated with the value 
in the G68 block. 

T is the optional tool identifier speci
fyi ng the next tool to be measured. 

QO or absent Double Hit 
QI Single Hit 

W is the optional Nonmodal final re
tract distance ( overrides the default 
final Z axis position). 

J is the optional nonmodal o rient 
angle used to specify the angle at 
which the tool is to be measured; the 
default angle is zero. 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the p rogrammed motion. For tool 
length measurement, this is the dis
tance the tool tip is permitted to move 
below the probe Z location (using the 
tool length present in the tool table 
before the measurement). 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 
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G68 PO Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. 

Touch, press or set Comments the following 

[g] E 

[!] Display must be either 
Production, Current, To Go or 

G68 PO 01 
Program. 

(Example) 

~ ~ 
Action Sequence Z axis positions over the probe. 

'V'" If Since no X Y offset is pro-
grammed, the X Y Probe Offset 

~ • ~ values from the Tool Table deter-

-1 +zj mine positioning over the probe. 

er cf The Tool Data Table Length 
field will be updated because no 
H word is programmed. 

Zfeeds to contact the probe. 01 
defines single hit. 

Z axis returns to the probe clear-
ance position. 
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G68 Set Length P1 Spindle Rotating 
Program Words 

Word Description 

y 

"'o·-------➔x 

T 

Comments 

X and Y are the optional incremental 
offsets from the spindle centerl ine to 
the point on the tool to be measured. 
If either of these values are not pres
ent, X and/or Y Probe Offsets from 
the Tool Table is used 
If an Offset is programmed, the X 
and/or Y Probe Offset value in the 
Tool Table is updated with the value 
in the G68 block. 

Tis the optional tool identifier speci
fying the next tool to be measured. 

QO or absent Double Hit 
Ql Single Hit 

W is the optional Nonmodal final re
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. For tool 
length measurement, this is the dis
tance the tool tip is permitted to move 
below the probe Z location (using the 
tool length present in the tool table 
before the measurement). 
I f D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 
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G68 P1 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. 

Touch, press or set 
the following 

I 

G68 P1 00 
(Example) 

Action Sequence 

Comments 

Display must be either 
Production, Current, To Go or 

Program. 

G68 P1 rotates in the opposite 
direction from normal cutting. 
The spindle direction recorded in 
the Tool Data Table is used to 
determine the direction to rotate 
the spindle. 

Z axis positions over the probe. 
Since no X Y offset is pro
grammed, the X Y Probe Offset 
values from the Tool Table deter
mine positioning over the probe. 

The Tool Data Table Length 
field will be updated because no 
H word is programmed. 

Z feeds to contact the probe. QO 
defines two hits. 

Z axis returns to the probe clear
ance position. 
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G68 Set Tool Diameter P2 Spindle Rotating 
Program Words 

Word Description 

T 

Comments 

Tis the optional tool identifier speci
fy ing the next tool to be measured. 

QO or absent Double Hit 
Ql Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

W is the optional Nonmodal final re
tract distance ( overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. For tool 
length measurement, this is the dis
tance the tool tip is permitted to move 
below the probe Z location (using the 
tool length present in the tool table 
before the measurement). 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 

R is the radial clearance distance used 
to position the tool away from the 
probe stylus. 
The total clearance distance is deter
mined by the Tool Radius + Probe 
Radius + R word. 
Note: the R word is required for all 
diameter measurements and is ig
nored for cycles that measure only 
length. 

A is the nonmodal distance from the 
top of the probe to the position used 
to measure the tool diameter. 
The 068 cycle moves the tool from 
the clearance position by A, plus 
cycle parameter Probe Gage Height 
to make the diameter measurements. 
Note: the A word is required for all 
diameter measurements and is ig
nored for cycles that measure only 
length. 
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G68 P2 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. Also, 
X axis measure tool diameter is active. 

Touch, press or set 
the following 

[I] 

G68 P2 00 R.1 A.1 
(Example) 

Action Sequence 

Comments 

Display must be either 
Production, Current, To Go or 

Program. 

G68 P2 rotates in the opposite 
direction from normal cutting. 

Move X and Y axis to clearance 
distance next to the probe. This 
distance is determined by the 
Tool Radius + Probe Radius + R 

~ ~~ W word. 

- ;..;T r .;:I -:, ~--- ¥ ... t z axis moves in the minus direc-
~ ~ r=-51 +x ~ . tion. This depth is determined by 
LJ LJ LJ- LJ the A word + Probe Gage Height. 

_,,.x,z-1 The Tool Data Table Diameter 
Offset field will be updated be
cause no H word is pro
grammed. 

Z axis returns to the probe clear
ance position. 

Two hits are used to contact the 
probe. 

Z axis returns to the probe clear
ance position. 
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G68 Set Tool Length & Diameter P3 Spindle Rotating 
Program Words 

Word Description 

y 

T 

Comments 

X and Y are the optional incremental 
offsets from the spindle centerline to 
the point on the tool to be measured. 
If either of these values are not pres
ent, X and/or Y Probe Offsets from 
the Tool Table is used 
If an Offset is programmed, the X 
and/or Y Probe Offset value in the 
Tool Table is updated with the value 
in the 068 block. 

T is the optional tool identifier speci
fying the next tool to be measured. 

QO or absent Double Hit 
QI Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

W is the optional Non modal final re
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. 
The tool length measurement, this is 
the distance the tool tip is permitted 
to move below the probe Z location 
(using the tool length present in the 
tool table before the measurement). 
For diameter measurement, this is the 
distance the edge of the tool (deter
mined from the tool table nominal di

ameter) is permitted to move into the 
calibrated tool probe radius. 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 
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G68 Set Tool Length & Diameter P3 Spindle Rotating 
Program Words (continued) 

Word Description Comments 

R is the radial clearance distance used 
to position the tool away from the 
probe stylus. 
The total clearance distance is deter-
mined by the Tool Radius+ Probe 
Radius + R word. 
Note: the R word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

I I A i s the nonmodal distance from the 

~ 
top of the probe to the position used 
to measure the tool diameter. 
The G68 cycle moves the tool from j ~ _! the clearance position by A, plus 
cycle parameter Probe Gage Height 
to make the diameter measurements. 

A 
Note: the A word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

G68 P3 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. Also, 
X axis measure tool diameter is active. 

Touch, press or set Comments the following 

[I] 
~ Display must be either 

Production, Current, To Go or 

G68 P3 H5 01 ao R.1 A.1 
Program. 

(Example) 

m t:!J 

Page 3-24 Cincinnati Milacron 6-SP- 98075- 1 



Action Sequence 

Cincinnati Milacron 6-SP-98075- 1 

Comments 

G68 P3 rotates in the opposite direc
tion from normal cutting. 
Z axis positions over the probe. 
Since no X Y offset is programmed, 
the X Y Probe Offset values from the 
Tool Table determine positioning 
over the probe. 
Tool length measurement is per
formed first then diameter measure
ments. 
Move X and Y axis to clearance dis
tance next to the probe. This dis
tance is determined by the Tool Ra
dius+ Probe Radius+ R word. 
Z axis moves in the minus direction. 
This depth is determined by the A 
word + Probe Gage Height. 
The Programmable Tool Offsets 
Table record 01 Length and Diame
ter field w ill be updated. 
Two hits are used to contact the 
probe. 
Z axis returns to the probe clearance 
position. 
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G68 Set Tool Length Spindle Stopped & Diameter P4 
Program Words 

Word Description 

y 

o- - - - - ---X 

Comments 

X and Y are the optional incremental 
offsets from the spindle centerline to 
the point on the tool to be measured. 
If either of these values are not pres
ent, X and/or Y Probe Offsets from 
the Tool Table is used 
If an Offset is programmed, the X 
and/or Y Probe Offset value in the 
Tool Table is updated with the value 
in the G68 block. 

T is the optional tool identifier speci
fying the next tool to be measured. 

QO or absent Double Hit 
Ql Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

W is the optional Nonmodal final re
tract distance ( overrides the default 
final Z axis position). 

J is the optional nonmodal orient 
angle used to specify the angle at 
which the tool is to be measured; the 
default angle is zero. 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. 
The tool length measurement, this is 
the distance the tool tip is permitted 
to move below the probe Z location 

(using the tool length present in the 
tool table before the measurement). 
For diameter measurement, this is the 
distance the edge of the tool ( deter
mined from the tool table nominal di
ameter) is permitted to move into the 
calibrated tool probe radius. 
If Dis absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 
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G68 Set Tool Length Spindle Stopped & Diameter P4 
Program Words (continued) 

Word Description Comments 

R is the radial clearance distance used 
to position the tool away from the 
probe stylus. 
The total clearance distance is deter-
mined by the Tool Radius + Probe 
Radius+ R word. 
Note: the R word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

I ~ A i s the nonrnodal distance from the 

9-:~-t 
top of the probe to the position used 
to measure the tool diameter. 
The G68 cycle moves the tool from 
the clearance position by A, plus 
cycle parameter Probe Gage H eigh1 
to make the diameter measurements. 

A Note: the A word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

G68 P3 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. Also, 
X axis measure tool diameter is active. 

Touch, press or set Comments 
the following 

[I] 
00 Display must be either 

Production, Current, To Go or 

G68 P4 HS 01 Q0 R.1 A.1 Program. 

(Example) 

~ ~ 
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Action Sequence 
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Comments 

For diameter measurements G68 P4 
rotates in the opposite direction from 
normal cutting. 
Z axis positions over the probe. 
Since no X Y offset is programmed, 
the X Y Probe Offset values from the 
Tool Table determine positioning 
over the probe. 
Tool length measurement is per
formed first then diameter measure
ments. 
Move X and Y axis to clearance dis
tance next to the probe. This dis
tance is determined by the Tool Ra
dius + Probe Radius+ R word. 
Z axis moves in the minus direction. 
This depth is determined by the A 
word + Probe Gage Height. 
The Programmable Tool Offsets 
Table record 0 1 Length and Diame
ter field will be updated. 
Two hits are used to contact the 
probe. 
Z axis returns to the probe clearance 
position. 

Cincinnati Milacron 6-SP- 98075-1 



Cincinnati Milacron 6-SP-98075-1 

G68 Calibrate Probe Length With Tool In Spindle 
PS Spindle Stopped Program Words 

Word Description 

y 

Comments 

X and Y are the optional incremental 
offsets from the spindle centerline to 
the point on the tool to be measured. 
If either of these values are not pres
ent, X and/or Y Probe Offsets from 
the Tool Table is used 
If an Offset is programmed, the X 
and/or Y Probe Offset value in the 
Tool Table is updated with the value 
in the G68 block. 

T is the optional tool identifier speci
fying the next tool to be measured. 

QO or absent Double Hit 
Ql Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

Wis the optional Nonmodal final re
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. For calibra
tion, this is the distance the tool tip is 
permitted to move below the probe 
location (using the tool length present 
in the tool table before the measure
ment). If D is absent, the value of the 
Probe Gage Height in the cycle pa
rameter table is used. 
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G68 Calibrate Probe Diameter With Tool in Spindle 
P6 Spindle Stopped Program Words 

Word Description 

T 

11 
-j~ 

t 

A 

Comments 

Tis the optional tool identifier speci 
fying the next tool to be measured. 

QO or absent Double Hit 
QI Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

W is the optional Nonmodal final re-
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. For tool 
length measurement, this is the dis-
tance the tool tip is permitted to move 
below the probe Z location (using the 
tool length present in the tool table 
before the measurement) . 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 

R is the radial clearance distance used 
to position the tool away from the 
probe stylus. 
T he total clearance distance is deter -
mined by the Tool Radius + Probe 
Radius + R word. 
Note: the R word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

A is the nonmodal distance from the 
top of the probe to the position used 
to measure the tool diameter. 
T he G68 cycle moves the tool from 
the clearance position by A , plus 
cycle parameter Probe Gage H eight 
to make the diameter measurements. 
Note: the A word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 
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G68 Calibrate Probe Length and Diameter With 
Tool in Spindle P7 Spindle Stopped Program 

Words 

Word Description 

y 

.to-------➔ X 

T 

Comments 

X and Y are the optional incremental 
offsets from the spindle centerline to 
the point on the tool to be measured. 
If either of these values are not pres
ent, X and/or Y Probe Offsets from 
the Tool Table is used 
If an Offset is programmed, the X 
and/or Y Probe Offset value in the 
Tool Table is updated with the value 
in the G68 block. 

Tis the optional tool identifier speci
fying the next tool to be measured. 

QO or absent Double Hit 
Ql Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

W is the optional Nonmodal fina l re
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. 
The tool length measurement, this is 
the distance the tool tip is permitted 
to move below the probe Z location 
(using the tool length present in the 
tool table before the measurement). 
For diameter calibration, this is the 
distance the edge of the tool (deter
mined from the tool table nominal di
ameter) is permitted to move into the 
calibrated tool probe radius . 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 
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G68 Calibrate Probe Length and Diameter With 
Tool in Spindle P7 Spindle Stopped Program 

Words (continued) 

Word Description Comments 

R is the radial clearance distan.:c ux~ 
to position the tool away from the 
probe stylus. 
T he total clearance distance is deter-
mined by the Tool Radius+ Probe 
Radius + R word. 
Note: the R word is required for a!J 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

I I A is the non modal distance from the 

j -•TT-i 
top of rhe probe to the position used 
to measure the tool diameter. 
The G68 cycle moves the tool from 
the clearance position by A, plus 

1' cycle parameter Probe Gage Height 

A 
to make the diameter measurements. 
Note: the A word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 
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G69 - Check Tool Size Program Information 

G69 Check Length PO Spindle Stopped Program 
Words 

Word Description 

y 

-t-o -------~ X 

K 

Comments 

X and Y are the optional incremental 
offsets from the spindle cente rline to 
the po int on the tool to be measured. 
If either of these values are not pres
ent, X and/or Y Probe Offsets from 
the Tool Table is used 
If an Offset is programmed, the X 
and/or Y Probe Offset value in the 
Tool Table is updated w ith the value 
in the G68 block. 

Z is the optional unsigned cycle mod
al to lerance value by which the G69 
length measurement is permitted to 
be shorter than the Tool Length in the 
Tool Table . 
If this word is not programmed, Ma
chine Application G69Dia/Length 
Tolerance value is used. 

K is the optional unsigned cycle mod
al tolerance value by which the G69 
length measurement is permitted to 
be longer than the Tool Length in the 
Tool Table. 
If this word is not programmed, Ma
chine Application G69Dia/Length 
Tolerance value is used. 

EO = Update Length Offset value and 
set Tool Worn if the tool is too short. 
An alarm is displayed and cycle halts 
if the tool length exceeds the toler
ance specified by Zand K word val
ues or G69Dia/Length Tolerance 
value. 
El = Proceed without updating the 
Tool Length and Jump to the program 
label specified by the most recent 
ATR block if one was programmed. 
E2 = Proceed without updating the 
Tool Length and Set Tool Worn if the 
tool is too short, or set Tool Broken if 
no probe hit occurs. An alarm is dis
played and cycle halts if the tool 
length is outside of the tolerance spe
cified by Z and K words or G69Dia/ 
Length Tolerance value. 

QO or absent Double Hit 
Ql Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

Page 3-33 



G69 Check Length PO Spindle Stopped Program 
Words (continued) 

Word Description Comments 

J1 
W is the optional Nonmodal final re-
tract distance ( overrides the default 
final Z axis position). 

-9-;-

~ @J J is the optional nonmodal orient 
angle used to specify the angle at 
which the tool is to be measured; the 
default angle is zero. 

D is the optional nonmodal probe 
overtravel distance allowed beyond 

f I the programmed motion. For tool 
length measurement, this is the dis-
tance the tool tip is permitted to move 
below the probe Z location (using the 

_- t J tool length present in the tool table 
before the measurement). 

!: D If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 
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G69 PO Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. 

Touch, press or set 
the following 

00 
G69 PO 01 Z .002 K .001 E0 
(Example) 

Action Sequence 

Comments 

Display must be either 
Production, Current, To Go or 

Program. 

Z axis positions over the probe. 
Since no X Y offset is pro
grammed, the X Y Probe Offset 
values from the Tool Table deter
mine positioning over the probe. 

Z feeds to contact the probe. Q 1 
defines single hit. 

Z axis returns to the probe clear
ance position. 

The Tool Data Table Length 
field will be updated because no 
H word is programmed. 

The measured tolerance is dis
played in System Register field 
[$PRB_ TOOL_ERR]. 

EO defines the following action: 

If measurement is within toler
ance, update Tool Data Table, 
Tool Length 

If out of tolerance, System Reg
ister [$OUT_ OF_ TOL] is set to 
1. An Alarm is reported and 
program execution is stopped. 
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G69 Check Length P1 Spindle Rotating Program 
Words 

Word Description Comments 

y X and Y are the optional incremental 
.+. 

~ 
offsets from the spindle centerline to 
the point on the tool to be measured. 
If either of these values are not pres-

I ent, X and/or Y Probe Offsets from 
the Tool Table is used 

i- If an Offset is programmed, the X 
and/or Y Probe Offset value in the 

0 X Tool Table is updated with the value 
in the G68 block. 

in 
Z is the optional unsigned cycle mod-
al tolerance value by which the G69 
length measurement is permitted to 
be shorter than the Tool Length in the 
Tool Table. 
If this word is not programmed, Ma-
chine Application G69Dia/Length z Tolerance value is used. 

in 
K is the optional unsigned cycle mod-
al tolerance value by which the G69 
length measurement is permitted to 
be longer than the Tool Length in the 
Tool Table. 
If this word is not programmed, Ma-
chine Application G69Dia/Length 

K Tolerance value is used. 

EO = Update Length Offset value and 
set Tool Worn if the tool is too short. 
An alarm is displayed and cycle halts 
if the tool length exceeds the toler-
ance specified by Zand K word val-
ues or G69Dia/Length Tolerance 

i? 

value. 
El = Proceed without updating the 
Tool Length and Jump to the program 
label specified by the most recent 
ATR block if one was programmed. 
E2 = Proceed without updating the 

H Tool Length and Set Tool Worn if the 
tool is too short, or set Tool Broken if 
no probe hit occurs. An alarm is dis-

played and cycle halts if the tool 
length is outside of the tolerance spe-
cified by Z and K words or G69Dia/ 
Length Tolerance value. 

I I QO or absent Double Hit 
Ql Single Hit 

' 
Note: Rotating tool measurements are 

l always done with two hits. 
Q 
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G69 Check Length P1 Spindle Rotating Program 
Words (continued) 

Word Description Comments 

W is the optional Nonmodal final re
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. For tool 
length measurement, this is the dis
tance the tool tip is permitted to move 
below the probe Z location (using the 
tool length present in the tool table 
before the measurement). 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 

G69 P1 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. 

Touch, press or set Comments 
the following 

[I] 
~ Display must be either 

Production, Current, To Go or 

G69 P1 01 Z .002 K .001 E0 
Program. 

(Example) 
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G69 P1 Cycle Action (continued) 

Touch, press or set 
the following 

Action Sequence 

.~ 
er 

Comments 

Z axis positions over the probe. 
Since no X Y offset is pro
grammed, the X Y Probe Offset 
values from the Tool Table deter
mine positioning over the probe. 

Zfeeds to contact the probe. Q1 
defines single hit. 

Z axis returns to the probe 
clearance position. 

The Tool Data Table Length 
field will be updated because no 
H word is programmed. 

The measured tolerance is dis
played in System Register field 
[$PRB TOOL ERR]. - -
E0 defines the following action: 

If measurement is within toler
ance, update Tool Data Table, 
Tool Length 

If measured tolerance is too 
short, System Register 
[$OUT OF TOL] is set to 1. An 
Alarm is reported and program 
execution is stopped. 

If measured tolerance is too 
long, System Register 
[$OUT_ OF_ TOL] is set to 1. An 
Alarm is reported and program 
execution is stopped. 
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G69 Check Diameter P2 Spindle Rotating Program 
Words 

Word Description Comments 

V V is the optional unsigned cycle mod-

~ © 
al tolerance value by which the 069 
diameter measurement is permitted to 
be smaller than the Nominal Diame-
ter in the Tool Table. That is the 
amount the tool is permitted to be un-
dersize. 
If this word is not programmed, Ma-
chine Application G69Dia/Length 
Tolerance value is used. 

u U is the optional unsigned cycle mod-

~ © 
al tolerance value by which the G69 
diameter measurement is permitted to 
be smaller than the Nominal Diame-
ter in the Tool Table. That is the 
amount the tool is permitted to be un-
dersize. 
If this word is not programmed, Ma-
chine Application G69Dia/Length 
Tolerance value is used. 

EO = Update Diameter Offset value 
and set Tool Worn if the tool is too 
short. A n alarm is displayed and 
cycle halts if the checked tool ex-
ceeds the tolerance specified by U, 
and V words or G69Dia/Length Toi-
erance value. 

~? 

El = Proceed without updating the 
Tool Diameter Offset and Jump to the 
program label specified by the most 
recent ATR block if one was pro-
grammed. 
E2 = Proceed without updating the 

r-1 Tool Diameter Offset and Set Tool 
Worn if the tool is undersize, or set 
Tool Broken if no probe hit occurs. 
An alarm is displayed and cycle halts 
if the measured tool is outside of the 
tolerance specified by U, and V 
words G69Dia/Length Tolerance 
value. 

I I QO or absent Double H it 
QI Single Hit 
Note: Rotating tool measurements are 

Q 
always done with two hits. 
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G69 Check Diameter P2 Spindle Rotating Program 
Words (continued) 

Word Description Comments 

W is the optional Nonmodal final re
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. This is the 
distance the edge of the tool ( deter
mined from the tool table nominal di
ameter) is permitted to move into the 
calibrated tool probe radius. 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 

R is the radial clearance distance used 
to position the tool away from the 
probe stylus. 
The total clearance distance is deter
mined by the Tool Radius + Probe 
Radius + R word. 
Note: the R word is required for all 
diameter measurements and is ig
nored for cycles that measure only 

length. 

A is the nonmodal incremental depth 
is the distance from the Z plane clear 
of the tool to the position used to 
check the tool diameter. 
Note: the A word is required for all 
diameter measurements and is ig
nored for cycles that measure only 
length. 
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G69 P2 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. Also, 
X axis measure tool diameter is active. 

Touch, press or set 
the following 

G69 P2 Q0 V .0001 U .0001 E0 
R.1 A.1 (Example) 

Action Sequence 

'y',.~ j ~ ~ 

Comments 

Display must be either 
Production, Current, To Go or 

Program. 

G68 P2 rotates in the opposite 
direction from normal cutting. 

Move X and Y axis to clearance 
distance next to the probe. This 
distance is determined by the 
Tool Radius + Probe Radius + R 
word. 

Z axis moves in the minus direc
tion. This depth is determined by 
the A word+ Probe Gage Height. 

-x-.;J> -z <I "' - ~ "' er IT IT - +X Two hits are used to contact the 
probe. 

~ +l~ ~ ~l Zaxisreturnstotheprobeclear
-~,.;T ~ :, ¥ - +x ¥ -2 ance position. 

IT er IT IT The checked tolerance is dis-

t 
~ ' played in System Register field 

t;;;;;J +z . [$PRB_DIA_ERR]. 
,f> I <;-:, 

-x-► <;~+x ~ -~ EO defines the following action: 

Lf Lf LJ If measurement is within toler
ance, update Tool Data Table, 
Diameter Offset. 

If out of tolerance, System Reg
ister [$OUT_ OF_ TOL] is set to 
1. An Alarm is reported and 
program execution is stopped. 
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G69 Check Tool Length & Diameter P3 Spindle Rotating 
Program Words 

Word Description Comments 

y X and Y are the optional incremental 
.4. 

~ 
offsets from the spindle centerline to 
the point on the tool to be measured. 
If either of these values are not pres-

I ent, X and/or Y Probe Offsets from 
the Tool Table is used 

~ - If an Offset is programmed, the X 
and/or Y Probe Offset value in the 

0 X Tool Table is updated with the value 
in the G68 block. 

in 
Z is the optional unsigned cycle mod-
al tolerance value by which the G69 
length measurement is permitted to 
be shorter than the Tool Length in the 
Tool Table. 
If this word is not programmed, Ma-
chine Application G69Dia/Length z Tolerance value is used. 

in 
K is the optional unsigned cycle mod-
al tolerance value by which the G69 
length measurement is permitted to 
be longer than the Tool Length in the 
Tool Table. 
If this word is not programmed, Ma-

K 
chine Application G69Dia/Length 
Tolerance value is used. 

V V is the optional unsigned cycle mod-

9 © 
al tolerance value by which the G69 
diameter measurement is permitted to 
be smaller than the Nominal Diame-
ter in the Tool Table. That is the 
amount the tool is permitted to be un-
dersize. 
If this word is not programmed, Ma-
chine Application G69Dia/Length 
Tolerance value is used. 

u U is the optional unsigned cycle mod-

~ © 
al tolerance value by which the G69 
diameter measurement is permitted to 
be smaller than the Nominal Diame-
ter in the Tool Table. That is the 
amount the tool is permitted to be un-
dersize. 
If this word is not programmed, Ma-
chine Application G69Dia/Length 
Tolerance value is used. 
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G69 Check Tool Length & Diameter P3 Spindle Rotating 
Program Words (continued) 

Word Description 

? 

Q 

Comments 

E0 = Update Length Offset value and 
Diameter Offset value. An alarm is 
displayed and cycle halts if the mea
su rement exceeds the tolerance speci
fied by Z, K, V, and U words or 
G69Dia/Length Tolerance value. 
El = Proceed without updating and 
Jump to the program label specified 
by the most recent ATR block if one 
was programmed. 
E2 = Proceed without updating the 
Tool Length and Diameter offset val
ue and Set Tool Worn if out of toler
ance, or set Tool Broken if no probe 
hit occurs. An alarm is displayed and 
cycle halts if the tool length is outside 
of the tolerance specified by Z, K, V, 
and U words or G69Dia/Length Tol
erance value. 

QO or absent Double Hit 
Qt Single Hit 
Note: Rotating tool measurements are 
always done with two hits. 

W is the optional Nonmodal final re
tract distance (overrides the default 
final Z axis position). 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. 
The tool length measurement, this is 
the d istance the tool tip is permitted 
to move below the probe Z location 
(using the tool length present in the 
tool table before the measurement). 
For diameter measurement, this is the 
distance the edge of the tool (deter
mined from the tool table nominal di
ameter) is permitted to move into the 
calibrated tool probe radius. 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 
table is used. 
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G69 Check Tool Length & Diameter P3 Spindle Rotating 
Program Words (continued) 

Word Description Comments 

R i s the radial clearance distance used 
to position the tool away from the 
probe stylus. 
The total clearance distance is deter-
mined by the Tool Radius+ Probe 
Radius+ R word. 
Note: the R word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

I I A is the nonmodal incremental depth 

j-:T--t 
is the distance from the Z plane clear 
of the tool to the position used to 
check the tool diameter. 
Note: the A word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 

A length. 

G69 P3 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. Also, 
X axis measure tool diameter is active. 

Touch, press or set Comments the following 

[I] E _ .... 

~ Display must be either 
Production, Current, To Go or 

G68 P3 Q0 Z .001 K .001 Program. 
V .0001 U .0001 R.1 A 1 
E0 (Example) 

LU L!:1 
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Action Sequence 

Cincinnati Milacron 6-SP-98075-1 

Comments 

G69 P3 rotates in the opposite direc
tion from normal cutting. 
Tool length measurement is per
formed first then diameter measure
ments. 
Z axis positions over the probe. 
Two hits are used to contact the 
probe. 
Z axis returns to the probe clearance 
position. 
Move X and Y axis to clearance dis
tance next to the probe. This dis
tance is determined by the Tool Ra
dius+ Probe Radius + R word. 
Move Z axis down by the A word 
amount. 
The length tolerance is displayed in 
System Register field 
($PRB_TOOL_ERR]. 
The d iameter tolerance is displayed 
in System Register field 
[$PRB_DIA_ERR]. 
E0 defines the followin~ action: 
If length is within tolerance, update 
Tool Data Table, Tool Length 
If diameter is within tolerance, up
date Tool Data Table, Diameter Off
set. 
If length o r diameter is out of toler
ance, System Register 
[$OUT_OF_TOL] is set to 1. An 
Alarm is reported and program exe
cution is stopped. 
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G68 Set Tool Length Spindle Stopped & Diameter P4 
Program Words 

Word Description Comments 

y X and Y are the optional incremental 

-r(@) 
offsets from the spindle center line to 
the point on the tool to be measured. 
If either of these values are not pres-
ent, X and/or Y Probe Offsets from 
the Tool Table is used 

' I if an Offset is programmed, the X ~ and/or Y Probe Offset value in the 
0 ~x 

Tool Table is updated w ith the value 
in t he G68 block. 

~fll 
Z is the optional unsigned cycle mod-
al tolerance value by which the G69 
length measurement is permitted to 
be shor ter than the Tool Length in the 
Tool Table. 

~f 1f this word is not programmed, M a-
chine Appl ication G69Dia/Length z Tolerance value is used. 

TI K is the optional unsigned cycle mod-
al tolerance value by which the G69 

III 
length measurement is permitted to 
be longer than the Tool Length in the 
Tool Table. 
I f this word is not programmed, M a-
chine Application G69Dia/Length 

K Tolerance value is used. 

V V is the optional unsigned cycle mod-

~ © 
al tolerance value by which the G69 
diameter measurement is permitted to 
be smaller than the Nominal D iame-
ter in the Tool Table. That is the 
amount the tool is permitted to be uo-
dersize, 
If this word is not programmed, Ma-
chine Application G69Dia/Lengtb ... 
Tolerance value is used .. 

u U is the optional unsigned cycle mod-

~ © 
al tolerance value by which the G69 
diameter measurement is permi tted to 
be smaller than the Nominal Diame-
ter in the Tool Table. That is the 
amount t he tool is permitted to be un-
dersize. 
If this word is not programmed, Ma-
chine Application G69Dia/Length 
Tolerance value is used. 

Page 3-46 Cincinnati Milacron 6- SP-98075• I 



G68 Set Tool Length Spindle Stopped & Diameter P4 
Program Words (continued) 

Word Description Comments 

EO = Update Length Offset value and 
Diameter Offset value. An alarm is 
displayed and cycle halts i f the mea-
surement exceeds the tolerance speci-
fied by Z, K, V, and U words or 
G69Dia/Length Tolerance value. 

ij? 
El = Proceed without updating and 
Jump to the program label specified 
by the most recent ATR block if one 
was programmed. 
E2 = Proceed without updating the 
Tool Length and Diameter offset val-

r-1 ue and Set Tool Worn if out of toter-
ance, or set Tool Broken if no probe 
hit occurs. An alarm is displayed and 
cycle halts if the tool length is outside 
of the tolerance specified by Z, K, V, 
and U words or G69Dia/Length Toi-
erance value. 

I I QO or absent Double Hit 
Ql Single Hit 

: ! Note: Rotating tool measurements are 
i always done with two hits. 

Q 

~_J 
W is the optional Nonmodal final re-
tract distance ( overrides the default 
final Z axis position). 

-9-;-

~ ©}J J is the optional nonmodal orient 
angle used to specify the angle at 
which the tool is to be measured; the 
default angle is zero. 

D is the optional nonmodal probe 
overtravel distance allowed beyond 
the programmed motion. 

The tool length measurement, this is 
the distance the tool tip is permitted 
to move below the probe Z location 
(using the tool length present in the 
tool table before the measurement). 

D ':g For diameter measurement, this is the 

~
~ ·:r distance the edge of the tool ( deter-

D mined from the tool table nominal di-
ameter) is permitted to move into the 
calibrated tool probe radius. 
If D is absent, the value of the Probe 
Gage Height in the cycle parameter 

table is used. 
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G68 Set Tool Length Spindle Stopped & Diameter P4 
Program Words (continued) 

Word Description Comments 

R is the radial clearance distance used 
to position the tool away from the 
probe stylus. 
The total clearance distance is deter-
mined by the Tool Radius + Probe 
Radius + R word. 
Note: the R word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 
length. 

r l A is the nonmodal incremental depth 

5?"~~-t 
is the distance from the Z plane clear 
of the tool to the position used to 
check the tool diameter. 
Note: the A word is required for all 
diameter measurements and is ig-
nored for cycles that measure only 

A length. 

G69 P4 Cycle Action 

it is assumed the machine is aligned, all tool table information is 
entered, and the tool to be measured is loaded in the spindle. Also, 
X axis measure tool diameter is active. 

Touch, press or set Comments 
the following 

Cl] E 

~ Display must be either 
Production, Current, To Go or 

G68 P4 ao Z .001 K .001 Program. 
V .0001 U .0001 R.1 A.1 
EO (Example) 

~ m 
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Action Sequence 

Cincinnati Milae<on 6-SP-98075-1 

Comments 

For diameter measurements 069 P4 ro
tates in the opposite direction from nor
mal cutting. 
Tool length measurement is performed 
first then diameter measurements. 
Z axis positions over the probe. 
Two hits are used to contact the probe. 
Z axis returns to the probe clearance posi
tion. 
Start spindle rotation and move X and Y 
axis to clearance d istance next to the 
probe. This distance is determined by the 
Tool Radius + Probe Radius+ R word. 
Move Z axis down by the A word 
amount. 
The measured length tolerance is dis
played in System Register field 
[$PRB_TOOL_ERR]. 
The measured diameter tolerance is dis
played in System Register field 
[$PRB_DIA_ERR). 
EO defines the following action: 
If measurement length is within tolerance, 
update Tool Data Table, Tool Length 
If measurement diameter is within toler
ance, update Tool Data Table, Diameter 
Offset. 
If length or diameter is out of tolerance, 
System Register [$OUT_ OF_ TOL] is set 
to 1. An Alarm is reported and program 
execution is stopped. 
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Index 

A 
Angle Measurement in X or Y Plane, 2- 35 

Automatic Tool Recovery, 3-15 

C 
,-A'-. • 

Ca11Drate, _probe, 2-14 

~ ,.__..., Calibrate f- !obe Dimension, 2-53 
• 

( 

I 
" 

/ 
< 

Calibrate t~e Spindle Probe, 2- 14 

Calibration Cycles, 2- 1 

Carrying & Lifting Safety, 1-3 

Cycle Parameters, 2-11 

F 
Fixed Probing Cycles (Optional), Cycle Parameters, 

2-11 

G 
G Codes 

• G51 - Probe Multiple Axes, 2-21 
~'4< ,G51.1 - Vector Probe Surface and Set Offsets, 

2-24 
G51.2 - Rotary Axis Measurement, 2-30 
G51.3 - Angle Measurement in X or Y Plane, 2-35 
G51.4 :- Measure Feature-to-Feature XY Plane, 

2-40 
G51.5 - Measure Feature-to-Feature Z Plane, 

2-47 
G68 - Set Tool Size, 3-17 
G69 - Check Tool Size, 3-33 
G72 - Calibrate Probe Dimension, 2-53 
G73 - Set Probe Stylus Tip Dimensions, 2-54 
G74 - Set Probe Length, 2-55 
G75 - Probe to Locate Internal Corner, 2-56 
G76 - Probe to Locate External Corner, 2-64 
G77 - Probe to Locate Surface, 2-73 
G77.1 - Stock Allowance, 2-80 
G78 

Probe a Bore, 2- 87 
Probe a Bore with Obstacle, 2-97 

G79 
Probe Pocket with Obstacle, 2-125 
Probe to Measure a Pocket, 2- 117 
Probe to Measure a Web, 2-108 

G51 Probe Multiple Axes, 2-21 

G51.1 Vector Probe Surface and Set Offsets, 2-24 

~ 
G51.2 Rotary Axis Measurement, 2- 30 
Cincinnati Milacron 
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G51.3 Angle Measurement in X or Y Plane, 2-35 

G51.4 Measure Feature-to-Feature XY Plane, 2-40 

G51.5 Measure Feature-to- Feature Z Plane, 2-47 

G72, Probe, 2-14 

G72 Calibrate Probe Dimension, 2-53 

G73 Set Probe Stylus Tip Dimensions, 2-54 

G74, Probe Length, 2- 17 

G74 Set Probe Length, 2-55 

G75 Probe to Locate Internal Corner, 2-56 

G76 Probe to Locate External Corner, 2-64 

G77 Probe to Locate Surface, 2-73 

G78 Probe a Bore, 2-87 

G78 Probe Bore with Obstacle, 2-97 

G79 Probe Pocket with Obstacle, 2-125 

G79 Probe to Measure a Pocket, 2- 117 

G79 Probe to Measure a Web, 2- 108 

General, Safety Instructions, 1-2 

H 
How Do I View System Register Data, 2-10 

Install, Relocate Safety, 1-4 

L 
Lifting, Safety, 1-3 

M 
M Codes 

M58 - Disarm Spindle Probe, 2-2 
M59 - Arm Spindle Probe, 2-2 

Maintenance Safety, 1-5 

Material 
Safety Data Sheet, 1-6 
Used with this Product, 1-6 

Measure Feature-to-Feature XY Plane, 2-40 

Measure Feature-to-Feature Z Plane, 2- 47 

Measurement Cycles, 2-1 

MSDS Material Safety Data Sheet, 1-6 

Operation, Setup S,;Jety, 1-4 



Personal Safety'; 1-2 

Precautions·Safety, 1-1 

Probe 
• Calibration, 2-1 4 

Set Length, 2-17 

Probe a Bote, 2-87 

Probe Bore with Obsfucle, ~-97 

Probe Multiple Axes, 2-21 

~robe Pocket with Obstacle, 2-125 

Probe to Locate External Corner, 2-64 

Probe to Locate Internal Corner, 2-56 

Probe to Locate Surface, 2-73 

Probe to Measure a Poc~et, 2-117 

Probe to Mea~ure a Web, 2-108 

R 
Relocation & lnstallatiori Safety, 1-4 

Rotary Axis Measurement, 2-30 _ 
j, 

s 
. Safety 

General Instructions & Cons7deralions, 1-2 
Installation & Relocation, 1-4 
Lifting & Carrying, 1-3 
Mainte~nce, 1-5' 
Mat~,ri : I Safety Data Sheet, 1-6 

• Personal, 1-2 • 
Precautions, 1-1 
Setup & Operation, 1-4 
Tool, 1-3 
Work Area, 1-2 

Set, Probe G72, 2..;.14 -

Set Probe Length, 2-55 

Set Probe Stylus Tip Dimensions, 2-54 

. \ 
' ii 

.. 

' • 

r 

, • . 
\ :1 
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Index 
• \ 

Setup, Operation Safety, 1-4 

Spindle 
• P·robe M58, 2-2 . 

Probe M59. 2-2 

Spindle Probe, 2-1 

1 

Spindle Probe System Variables, 2-19 
-

Stock Allowance; 2-80_ 

'· 

T 
7;'ool, Safety, 1-3 

.,,..,. Tool Probe Calibration 
Setting the Diameter, 3-7 
Setting the Length, 3-6 
Setting ~he Length and Diameter, 3-8 
Setting the Tram Surface, 3-5 

Tool Setter Probe 
Check Tool Diameter, 3-39 
Check Tool Length, 3-33 
Check Tool Length & Diameter, 3-42 
Set Tool Diameter, 3-21 
Set Tool Length, 3-18 
Set Tool Length & Diameter, 3-23 
View Coordinates, 3-1 
View Tool Tolerance Data, 3-12 , 

Vector-Pr~b~ Suctc;3.ce a·nd Set Offsets, 2-24 

Viewing Probe Cycle Parameters, 2-12 

w 
What Cycle Parameters Are Used With the Spindle 

Probe, 2-11 

What Data Interacts With Spindle Probe Measure-
ments, 2-3 • 

Work Area Safety, 1-2 
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