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nal spindle machanism and a variety of spindle mounted 
devices. 

The spindle mechanism provides CNC communicating 
and operating means with spindle mounted devices such 
as; telescoping tool holders for determining work sur 
face locating with random length tools and for sensing 
tool condition; automatic boring tools for high precision 
boring and contouring; probing devices for work sur 
face location, measurement and de?nintion; combina 
tion boring and probing tools for boring and measuring 
a hole without removing the tool from the spindle. 

18 Claims, 16 Drawing Sheets 
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INTELLIGENT TOOL SYSTEM 

OBJECTIVE 

In machining centers that are used in an operator 5 
attended environment or in the case when such machin 
ing centers are part of a work cell or Flexible Manufac 
turing System, it is desirable to have tooling systems 
that can communicate with and/or be controlled by the 
machine system Computer Numerical Control. 

Therefore the principle object of my invention is to 
provide a means of incorporating through the machin 
ing center spindle a method of operating a position 
sensitive encoder or transducer to communicate with 
the machine CNC. 
Another object of my invention is to provide a means 

of incorporating through the machining center spindle a 
means of controlling the position and force of a tool 
control rod by the machine CNC. 
Another object of my invention is to provide spindle 

mounted tool adapters having the means to operate the 
position sensitive encoder or transducer for sensing the 
location of work surfaces with random length tools. 
Another object of my invention is to provide spindle 

mounted tool adapters having the means to operate the 
position sensitive encoder or transducer for sensing the 
failure or breakage of adapter mounted tools. 

Previous to my invention it was necessary to refer 
ence tools to a position known as the “R” plane, there 
fore, another object of my invention is to eliminate the 
necessity for the reference plane, thereby reducing 
cycle time. 

Still another object of my invention is to eliminate in 
programming of the workpiece the “R” plane dimen 
sion, since the “R” plane is determined by the surface 
sensing feature. 
Another object of my invention is to eliminate the use 

of preset tools and set-up time for setting tool length 
offsets. 
Another object of my invention is to eliminate feed 

rate programming of tapping operation by controlling 
the Z axis to follow the tap into and out of the hole. 
Another object of my invention is to provide a spin 

dle mounted tool adapter for milling that locks up for 
radial and axial rigidity after sensing the location of the 
work surface and is released under the control of the 
machine computer numerical control. 
Another object of my invention is to verify the pres 

ence of the correct type of tool in the spindle by utiliz 
ing the encoder or transducer position and by control 
ling the force on the tool control rod. 
Another object of my invention is to eliminate any 

error in spindle encoder feedback due to thermal 
growth by offsetting control or using incremental con 
trol after tool insertion into spindle. 
Another object of my invention is to provide spindle 

mounted boring tools for machining centers that are 
capable of being automatically adjusted without opera 
tor intervention. 
Another object of my invention is to control the 

boring tool adjustment by means of a tool control rod in 
the machining center spindle. 
Another object of my invention is to provide an auto 

matic boring tool that can be configured for extreme 
accuracy for precision boring of critical holes. 
Another object of my invention is to provide an auto 

matic boring tool that can be con?gured for suf?cient 
adjustment range such that it can be used for taper 
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boring or thread chasing when controlled simulta 
neously with the Z axis of the machining center. 
Another object of my invention is to provide cutting 

tool stability by preloading all operating mechanisms in 
the boring tool operating body. 
Another object of invention is to provide a variety of 

spindle mounted probing devices having the means to 
operate the position sensitive encoder or transducer for 
sensing the location of objects while being moved rela 
tive to those objects in the plus or minus Z direction or 
in the X or Y direction. 
Another object of my invention is to provide a spin 

dle mounted probing system that is able to inspect the 
contour of the work surface by moving the workpiece 
or spindle with the same part shape program used to 
generate the workpiece. 
Another object of my invention is to provide a spin 

dle mounted probing system capable of defining the 
contour of a work surface parallel to the spindle center 
line. 
Another object of my invention is to provide a spin 

dle mounted probing system capable of de?ning the 
countour of a work surface in a plane perpendicular to 
the spindle center line. 
Another object of my invention is to have the probe 

stylus constantly parallel to the spindle center and thus 
avoid any negative affect or probing accuracy due to 
stylus length. 
Another object of my invention is to provide a prob 

ing device having preloaded antifriction operating 
mechanisms. 
Another object of my invention is to provide a me 

chanical probe stylus mounting device that has uniform 
triggering travels regardless of sylus de?ection direc 
tion. 
Another object of my invention is to provide a prob 

ing system capable of sending a trigger signal to a posi 
tion detection circuit in the machine CNC the instant 
the probe contact the work surface. 
Another object of my invention is to provide a prob 

ing syste capable of controlling the machine axis tra 
verse rate in order to decelerate from a rapid traverse 
rate to an absolute position. 
Another object of my invention is to provide a prob 

ing system capable of tracking the deceleration distance 
of the machine axis after the stylus contacts the work 
surface. 
Another object of my invention is to provide a spin 

dle mounted combination boring tool arranged with a 
probing stylus and cutting tool mounted to the same 
boring head. 
Another object of my invention is to provide a spin 

dle mounted combination boring tool with a means of 
measuring the diameter of a just completed bored hole 
and automatically adjust for error without removing 
the boring tool from the spindle. 
Another object of my invention is to provide a spin 

dle mounted combination boring tool with a means of 
measuring the diameter of a just completed bored hole 
and automatically adjust for error without removing 
the boring tool from the spindle and without moving 
the center of the tool relative to the center of the bored 
hole. 
Another object of my invention is to provide a spin 

dle mounted combination boring tool having a means to 
operate the position sensitive encoder or transducer for 
sensing the location of and measuring the inside diame 
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ter of bored holes with the stylus mounted to the boring 
head. 
Another object of my invention is to control a combi 

nation boring tool adjustment by means of a tool control 
rod in the machining center spindle. 
Another object of my invention is to con?gure all of 

spindle mounted devices to operate with standard auto 
matic tool changers. 
Another object of my invention is to provide a cool 

ant passage through the spindle control rod to permit 
the use of coolant fed tools. 

SURFACE SENSING TOOL 

In CNC machining centers, non-telescoping tool 
holders are used in conjunction with an “R” plane set 
ting and thereafter cycling to the “R” plane setting, and 
measuring the distance from the tool point to the work 
surface and manually adjusting the tool length for each 
tool used. Alternatively, manually preset tools are em 
ployed. Another method is to utilize spindle and table 
probe cycles which are time consuming and expensive. 

In previous telescoping tool adapters as described in 
US. Pat. No. 4,579,487 dated Apr. 1, 1986 it was neces 
sary to use an integral mounted torque arm to work in 
conjunction with a machine mounted transducer. 
To overcome these economic disadvantages, I have 

provided the use of telescoping tool holders for milling, 
drilling and tapping which consists of an adapter having 
a tool body arranged to be retained in the taper of the 
machine spindle. A spring-loaded sliding tool holder is 
?tted to the bore of the tool body, driven by a sliding 
key and retained by stop blocks. A tool actuating rod is 
secured to the sliding tool holder and extends through 
the center of the tool body and retension knob that is 
used to operate with the power tool locks in standard 
machining center spindles. The tool actuating rod estab 
lishes contact with a spindle control rod that operates 
through the center of the spindle and power tool lock 
mechanism. 
The spindle control rod is rotatably connected to a 

sliding element. The position and force on the sliding 
element is controlled by the machining center CNC by 
means of a position sensitive encoder or transducer in 
combination with a linear electric servo motor. In oper 
ation the servo motor retracts the spindle control rod 
until after the spindle power tool lock has the tooling 
devices securely retained in the spindle taper. At this 
point the spindle control rod is advanced by the servo 
motor with a reduced current level until it contacts the 
tool actuation rod. The position of the encoder is pro 
cessed by the machine CNC to establish a “0” set point 
and to verify tool presence and type of tool in the spin 
dle. Each type of tooling device has its unique initial 
position. 

DRILLING 

A variety of tool adapters can be used to accommo 
date the type of machining required for drilling opera 
tions with a machining center, a tool adapter arranged 
with a collet type tool holder is generally used. The 
collet assembly is mounted in the sliding tool holder. 

In the drilling operation the spindle tool adapter is 
moved to the work surface at a rapid traverse rate by 
the Z axis until the drill contacts the work surface. At 
this point, the drill stops advancing, but the spindle axis 
continues to move toward the work surface. This causes 
the tool holder to telescope into the tool body which in 
turn causes the tool actuating rod to move the spindle 
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4 
control rod and sliding element relative to the spindle 
gage line. This telescoping motion is able to overcome 
the controlled low force on the servo motor and dis 
place the encoder. The encoder displacement as mea 
sured from the tool veri?cation point is processed by 
the machine CNC which decelerates the Z axis in a 
predetermined distance to zero velocity. The distance 
traveled is the same as the travel of the telescoping tool 
holder, seating it solidly in the adapter body. When the 
predetermined transducer position is reached the ma 
chine CNC will offset the Z axis at this point and will 
immediately feed the drill or Z axis at a programmed 
feed rate to a programmed depth from the offset point 
which is the work surface. At the programmed depth, 
the spindle will retract to a point that brings the tool 
clear of the work surface if another hole is to be drilled 
or the spindle will retract to a tool change position if 
another tool is required. 

If the drill breaks before the programmed dept is 
reached the spring-loaded tool holder will unseat in the 
adapter body. This action will cause the tool actuating 
rod to move with the tool holder, in turn the low force 
on the linear servo motor will displace the spindle con 
trol rod causing the sliding element to move and the 
transducer to be displaced from its predetermined posi 
tion, signaling the machine CNC that a malfunction has 
occurred. 

In advanced CNC logic, the initial surfaces location 
position can be put in memory. This information can be 
used to determine if a drill was broken on a previous 
operation but went undetected. If the drill was broken, 
the surface location position of the new cycle would be 
different than that with a full length drill. This differ 
ence in position will signal the machine CNC that a 
malfunction has occurred. 

If broken tool detection is not required, then this 
same logic and tool adapter action can be used to sense 
when a drill has broken through the workpiece thick 
ness. This may be the case when using larger diameter 
drills for drilling through holes from irregular surfaces 
of large castings or weldments. 

TAPPING 

For tapping operations, a telescoping tool adapter 
similar to the one for drilling is used, the difference 
being in the construction of the sliding holder. Instead 
of a collet holder, a conventional tap driver is used. The 
tap device can be either torque limiting or not. 

In operation, the spindle tool adapter is moved to the 
work surface at a rapid traverse rate by the Z axis until 
the nonrotating tap contacts the work surface. At this 
point, the tap stops advancing, but the spindle axis con 
tinues to move toward the work surface. This causes the 
tool holder to telescope into the tool body which in turn 
causes the tool actuating rod to move the spindle con 
trol rod and sliding element relative to the spindle gage 
line. This telescoping motion is able to overcome the 
controlled low force on the servo motor and displace 
the encoder. The encoder displacement is processed by 
the machine CNC which decelerates the Z axis in a 
predetermined distance to zero velocity. The distance 
traveled is one half the telescoping travel of the tool 
holder. When the predetermined transduce position is 
reached the machine CNC will offset the Z axis at this 
point and will cause the spindle to rotate at a pro 
grammed speed. The tool holder spring pressure and 
the controlled low force from the servo motor through 
the control rod will cause the tap to feed into the work 
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piece. As the tap feeds into the workpiece, the encoder 
is displaced from its predetermined position, this dis 
placement will signal the machine CNC to feed the 
spindle or Z axis into the workpiece at the rate the tap 
is advancing, the amout of displacement is determined 
by the following error of the Z axis servo system. 
The control will track the position of the spindle axis 

and, at a depth programmed from the work surface, 
which was established when the predetermined trans 
ducer position was reached, the spindle will be re 
versed. The tap will then cause the tool to telescope into 
the tool adapter, which will cause the encoder to be 
displaced to the other side of its predetermined position. 
In this case the transducer signal will cause the Z axis to 
retract or move away from the work surface. It will 
continue to retract until the tap clears the work surface 
if another hole is to be tapped, or the spindle will retract 
to a tool change position if another tool is required. 

If when using a non-torque limit tap driver, the tap 
should break before the programmed depth is reached, 
two possible events may take place. 

If the tap disintegrates and a large position of the tap 
length is thrown clear, the spring-loaded tool holder 
will move rapidly away from the previous position and 
the encoder will move a like amount from its predeter 
mined position. If there is no portion of the tap thrown 
clear, the spindle axis will continue to advance slightly 
until the encoder reaches its predetermined position, 
because a broken tap will not advance into the work. 

In either case, the encoder will signal the machine 
CNC that an improper encoder position is present and 
that a malfunction has occurred. 

If when using the torque-limiting tap driver the tap 
becomes dull, the tap driver will stall and the tap will 
stop advancing before the programmed depth is 
reached. This will cause the spindle axis to advance 
slightly until the encoder reaches its predetermined 
position. The encoder will signal the machine CNC that 
an improper encoder position is present and that a mal 
function has occurred. 

If a previous machining operation, a hole for the tap 
to enter had not been drilled, the tap cannot begin to 
feed into the workpiece after the surface location cycle. 
After an appropriate amount of time, the machine CNC 
will recognize that the encoder is still in its predeter 
mined position and will signal a malfunction. 

In advanced CNC logic, the initial surface location 
position can be put in memory. This information can be 
used to determine if a tap was broken on a previous 
operation, but went undetected. If the tap was broken, 
the surface location position of the new cycle would be 
different than that with a full length tap. This difference 
in position will signal the machine CNC that a malfunc 
tion has occurred. 

MILLING 
For milling operations, a telescoping tool adapter 

similar to one used for drilling is used, the difference 
being the milling adapter is arranged to stay in tele 
scoped or compressed state during milling. The tool 
holder portion of the adapter is also arranged to mount 
various types of milling cutters or, in some cases single 
point ?y cutters. 

In operation after the tool adapter is locked in the 
spindle taper by the power tool lock and the spindle 
control rod is advanced until it contacts the tool actua 
tion rod for tool veri?cation, the current to servo motor 
is increased a controlled amount until there is sufficient 
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thrust on the tool actuating rod to overcome a locking 
cam spring in the milling adapter. This thrust will move 
a locking cam a short distance to a positive stop. The 
position of the encoder is then processed by the ma 
chine CNC to varify locking cam release and estab 
lished a point from which to measure tool holder travel. 
The spindle tool adapter is then moved to the work 
surface at a rapid rate by the Z axis until the non-rotat 
ing milling cutter contacts the work surface. At this 
point the cutter stops advancing, but the spindle axis 
continues to move toward the work surface. This causes 
the tool holder to telescope into the tool body which in 
turn causes the tool actuating rod to move the spindle 
control rod and sliding element relative to the spindle 
gage line. This telescoping motion is able to overcome 
the controlled low force on the servo motor and dis 
place the encoder. The encoder displacement is pro 
cessed by the machine CNC which decelerates the Z 
axis in a predetermined distance to zero velocity. The 
distance traveled is the same as the travel of the tele 
scoping tool holder, seating it solidly in the tool body. 
The lower portion of the tool holder outside diameter 
has a self releasing taper which is seated in a matching 
inside diameter taper of the tool body for milling rig 
idly. When the predetermined transducer position is 
reached, the machine CNC will affect the Z axis at this 
point and reduce the current to the control rod servo 
motor allowing the locking cam spring to move a lock~ 
ing cam to a locking position. The tool holder is locked 
rigidly in the seated position by a series of balls located 
in a series of holes in the tool holder working in con 
junction with cam surface on the inside diameter of the 
tool body and outside diameter of movable locking cam 
operating in the tool holder. The series of holes for the 
locking balls are located at the upper end of the tool 
holder and are machined at an angle less than 90° from 
the adapter center line. The locking balls are then able 
to rigidly support the upper end of the tool holder radi 
ally while rigidly seating it in the lower taper. 

After the Z axis is offset and the milling adapter is 
locked-up the machine CNC will immediately start 
spindle rotation and feed the required axis to perform a 
milling operation measured from the surface of the 
workpiece. 
When the milling operation is complete, the spindle 

axis is returned to the tool change position. At this time, 
if it is desirable to use the milling cutter in locked posi 
tion, the adapter can be stored in the automatic tool 
change magazine. If, however, a surface sense cycle is 
required the next time, the adapter can be reset by in 
creasing the current to the control rod servo motor. 
This will move the locking cam and compress the lock 
ing cam spring allowing the locking balls to move out of 
the internal cam groove if the tool body. The thrust of 
the servo motor and the force from the adapter spring 
will reset the tool holder to its normal sufface sensing 
position. 

BORING 

In machine tools—manually adjusted boring tools are 
normally used. These are usually preset or set at the 
machine by the operator by using dial bore gages or 
other measuring devices. If the hole diameter size ex 
ceeds the tolerance band, then another manual setting 
procedure is employed. In some cases when automati 
cally adjustable tools are used, it is necessary to adjust 
them in increments by using external devices during a 
cycle interruption procedure. Other automatically ad 
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