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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

Notice of Opposition

Notice is hereby given that the following parties oppose registration of the indicated application.

Opposers Information

Name Lamb Assembly & Test, LLC
Granted to Date 05/31/2008
of previous
extension
Address 13900 Lakeside Circle
Sterling Heights, M| 48313-1318
UNITED STATES
Name MAG Industrial Automation Systems, LLC
Granted to Date 05/31/2008
of previous
extension
Address 13900 Lakeside Circle
Sterling Heights, Ml 48313-1318
UNITED STATES
Name Cincinnati Machine, LLC
Entity Limited Liability Company Citizenship Delaware
Address 13900 Lakeside Circle
Sterling Heights, M| 48313
UNITED STATES
Attorney Andrew M. Grove
information Reising, Ethington, Barnes, Kisselle, P.C.
P.O. Box 4390
Troy, MI 48099-4390
UNITED STATES
grove@reising.com Phone:248 689 3500
Applicant Information
Application No 77066852 Publication date 04/01/2008
Opposition Filing 05/21/2008 Opposition 05/31/2008
Date Period Ends

Applicant Total Automated Solutions, Inc.
5555 Dry Fork Rd.
Village of Cleves, OH 45002

UNITED STATES

Goods/Services Affected by Opposition

Class 009. First Use: 1981/12/31 First Use In Commerce: 1981/12/31
All goods and services in the class are opposed, namely: Automated detection and testing



http://estta.uspto.gov

functional testing

instruments for measuring product integrity, namely, electronic instruments for use in leak, flow and

functional testing

Class 037. First Use: 1981/12/31 First Use In Commerce: 1981/12/31
All goods and services in the class are opposed, namely: Repair, installation and maintenance of
instruments for measuring product integrity, namely, electronic instruments for use in leak, flow and

Grounds for Opposition

| Priority and likelihood of confusion

| Trademark Act section 2(d)

Marks Cited by Opposer as Basis for Opposition

U.S. Registration | 2694520 Application Date 08/21/2000

No.

Registration Date | 03/11/2003 Foreign Priority NONE
Date

Word Mark CINCINNATI PLUS

Design Mark

Description of
Mark

NONE

Goods/Services

Class 037. First use: First Use: 2000/03/20 First Use In Commerce: 2000/03/20

INSTALLATION, MAINTENANCE, REPAIR, REBUILD AND FIELD SERVICE
OF INDUSTRIAL EQUIPMENT, MACHINERY, MACHINE TOOLS AND
COMPOSITES MACHINERY, AND OF COMPUTER SYSTEMS
CONTROLLING THE AFOREMENTIONED GOODS

Class 041. First use: First Use: 2000/03/20 First Use In Commerce: 2000/03/20

EDUCATIONAL SERVICES, NAMELY, CONDUCTING CLASSES, SEMINARS,
CONFERENCES AND WORKSHOPS IN THE FIELD OF INSTALLATION,
OPERATION, MAINTENANCE, REMOTE-DIAGNOSIS, REPAIR, RETRO-FIT,
REBUILD AND USE OF INDUSTRIAL EQUIPMENT, MACHINERY, MACHINE
TOOLS AND COMPOSITES MACHINERY, AND OF COMPUTER SYSTEMS
CONTROLLING THE AFOREMENTIONED GOODS; INSTRUCTION AND
TRAINING IN THE FIELD OF INSTALLATION, OPERATION, MAINTENANCE,
REMOTE DIAGNOSIS, REPAIR, RETRO-FIT, REBUILD AND USE OF
INDUSTRIAL EQUIPMENT, MACHINERY, MACHINE TOOLS AND
COMPOSITES MACHINERY, AND OF COMPUTER SYSTEMS
CONTROLLING THE AFOREMENTIONED GOODS

Class 042. First use: First Use: 2000/03/20 First Use In Commerce: 2000/03/20

ENGINEERING, TECHNICAL CONSULTATION AND RESEARCH SERVICES
IN THE DESIGN, PRODUCTION, INSTALLATION, TRAINING, OPERATION,
CERTIFICATION, MAINTENANCE, REMOTE-DIAGNOSIS, REPAIR, RETRO-
FIT, REBUILD AND FIELD-SERVICE OF INDUSTRIAL EQUIPMENT,
MACHINERY, MACHINE TOOLS AND COMPOSITES MACHINERY, AND OF
COMPUTER SYSTEMS CONTROLLING THE AFOREMENTIONED GOODS

Mark

U.S. Registration | 2524243 Application Date 03/06/2000

No.

Registration Date | 01/01/2002 Foreign Priority NONE
Date

Word Mark CINCINNATI

Design Mark

Description of NONE




Goods/Services

Class 007. First use: First Use: 1998/12/00 First Use In Commerce: 1998/12/00

MACHINES AND MACHINE TOOLS, NAMELY, COMPOSITE TAPE LAYING
MACHINES, COMPOSITE FIBER PLACEMENT MACHINES, MILLING
MACHINES, MACHINING CENTERS AND TURNING CENTERS

U.S. Registration | 2519416 Application Date 03/06/2000

No.

Registration Date | 12/18/2001 Foreign Priority NONE
Date

Word Mark CINCINNATI

Design Mark

Description of NONE

Mark

Goods/Services

Class 007. First use: First Use: 1998/12/00 First Use In Commerce: 1998/12/00

MACHINES AND MACHINE TOOLS, NAMELY, COMPOSITE TAPE LAYING
MACHINES, COMPOSITE FIBER PLACEMENT MACHINES, MILLING
MACHINES, MACHINING CENTERS AND TURNING CENTERS

U.S. Registration | 897352 Application Date 08/16/1968

No.

Registration Date | 08/25/1970 Foreign Priority NONE
Date

Word Mark CINCINNATI

Design Mark

Description of NONE

Mark

Goods/Services

Class U026 (International Class 001, 009, 010). First use: First Use: 1963/01/00
First Use In Commerce: 1963/01/00

NUMERICAL CONTROL EQUIPMENT FOR MACHINE TOOLS-NAMELY,
MILLING MACHINES, GRINDING MACHINES, DRILLS, LATHES, BROACHES,
[TUBE-FLARING MACHINES], [FLAME-CUTTING MACHINES], [RIVETING
MACHINES AND TERMINAL [ -WIREWRAPPING ] MACHINES]

U.S. Registration | 792894 Application Date 08/21/1964

No.

Registration Date | 07/20/1965 Foreign Priority NONE
Date

Word Mark CINCINNATI

Design Mark

Description of NONE

Mark

Goods/Services Class U023 (International Class 007). First use: First Use: 1955/00/00 First Use
In Commerce: 1955/00/00
LATHES

Attachments 76114870#TMSN.gif ( 1 page )( bytes)

75936574#TMSN.gif ( 1 page )( bytes)
75936203#TMSN.gif ( 1 page )( bytes)
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Certificate of Service

The undersigned hereby certifies that a copy of this paper has been served upon all parties, at their address
record by First Class Mail on this date.

Signature /Andrew M. Grove/
Name Andrew M. Grove
Date 05/21/2008




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

In the matter of trademark application Serial No. 77/066,852
For the mark : CINCINNATI TEST SYSTEMS
Published in the Official Gazette on : April 1, 2008

MAG INDUSTRIAL AUTOMATION

SYSTEMS, LLC; CINCINNATI MACHINE, LLC;

and LAMB ASSEMBLY & TEST, LLC d/b/a

CINCINNATI AUTOMATION & TEST,
Opposers,

V.

TOTAL AUTOMATED SOLUTIONS, INC.,
Applicant.

NOTICE OF OPPOSITION

MAG INDUSTRIAL AUTOMATION SYSTEMS, LLC, a Delaware Limited Liability
Company with a mailing address of 13900 Lakeside Circle, Sterling Heights, Michigan 48313;
CINCINNATI MACHINE, LLC, a Delaware Limited Liability Company with a mailing address
of 2200 Litton Lane, Hebron, Kentucky 41048; and LAMB ASSEMBLY & TEST, LLC d/b/a
CINCINNATI AUTOMATION & TEST, a Delaware Limited Liability Company with a mailing
address of 4950 Marlin Drive, Machesney Park, Illinois 61115 (collectively referred to as
“Opposers™), believe that they will be damaged by the registration in International Classes 9 and
37 of the mark CINCINNATI TEST SYSTEMS shown in Application Serial No. 77/066,852

(“the Application”) filed by Total Automated Solutions, Inc. (“Applicant”), a Delaware



Corporation with a mailing address of 5555 Dry Fork Rd., Village of Cleves, Ohio 45002, and
published in the Official Gazette on April 1, 2008.

Accordingly, the Opposers hereby oppose the Application.

The grounds for opposition are as follows:

1. The Applicant seeks to register CINCINNATI TEST SYSTEMS as a trademark
for: “Automated detection and testing instruments for measuring product integrity, namely,
electronic instruments for use in leak, flow and functional testing” in International Class 9; and
“Repair, installation and maintenance of instruments for measuring product integrity, namely,
electronic instruments for use in leak, flow and functional testing” in International Class 37, as
shown by the Application filed on December 18, 2006 and published in the Official Gazette on
April 1, 2008.

2. In the Application, the Applicant claims first use and first use in commerce of the
CINCINNATI TEST SYSTEMS mark on December 31, 1981. |

3. The Opposers are related companies in that MAG INDUSTRIAL
AUTOMATION SYSTEMS, LLC owns CINCINNATI MACHINE, LLC and LAMB
ASSEMBLY & TEST, LLC d/b/a CINCINNATI AUTOMATION & TEST.

4. MAG INDUSTRIAL AUTOMATION SYSTEMS, LLC is the parent company to
CINCINNATI MACHINE, LLC and LAMB ASSEMBLY & TEST, LLC d/b/a CINCINNATI
AUTOMATION & TEST, among other companies.

5. The Opposers collectively have long used the CINCINNATI name in connection
with machines, machine tools in automated manufacturing processes, and machines for

automation and testing.



6. Since the 1800’s a number of companies under the entity now known as MAG
INDUSTRIAL AUTOMATION SYSTEMS, LLC have used the name CINCINNATI in
connection with machines and machine tools that automate manufacturing processes.

7. The machine tool business of Cincinnati Milacron had been in operation for over
100 years when it together with the relevant trademarks was sold in 1998 to a new owner. That
machine tool business now operates under the name CINCINNATI MACHINE, LLC.

8. The Opposers have used the name CINCINNATI on machines that involve testing
functions. See, for example, the enclosed United States Patent 3,543,392 that issued in 1970 to
Cincinnati Milacron. It shows an automation system of the type that the Opposers still offer, one
having at least one testing station (see Exhibit A: Column 7, Lines 42-46).

9. The Applicant sells leak test equipment that the Opposers occasionally buy for
use in their automated systems, which Opposers have sold over the years to their own customers.

10. CINCINNATI MACHINE, LLC owns the following live trademark registrations:
CINCINNATI PLUS (Registration No. 2,694,520); CINCINNATI (Registration No. 2,524,243);
CINCINNATI (Registration No. 2,519,416); CINCINNATI (Registration No. 897,352); and
CINCINNATI (Registration No. 792,894).

11.  CINCINNATI PLUS (Registration No. 2,694,520) (see Exhibit B) is a trademark
for: “Installation, maintenance, repair, rebuild and field service of industrial equipment,
machinery, machine tools and composites machinery, and of computer systems controlling the
aforementioned goods” in International Class 37; “Educational services, namely, conducting
classes, seminars, conferences and workshops in the field of installation, operation, maintenance,
remote-diagnosis, repair, retro-fit, rebuild and use of industrial equipment, machinery, machine

tools and composites machinery, and of computer systems controlling the aforementioned goods;



instruction and training in the field of installation, operation, maintenance, remote diagnosis,
repair, retro-fit, rebuild and use of industrial equipment, machinery, machine tools and
composites machinery, and of computer systems controlling the aforementioned goods” in
International Class 41; and “Engineering, technical consultation and research services in the
design, production, installation, training, operation, certification, maintenance, remote-diagnosis,
repair, retro-fit, rebuild and field-service of industrial equipment, machinery, machine tools and
composites machinery, and of computer systems controlling the aforementioned goods” in
International Class 42.

12. CINCINNATI (Registration No. 2,524,243) (see Exhibit C) is a trademark for:
“Machines and machine tools, namely, composite tape laying machines, composite fiber
placement machines, milling machines, machining centers and turning centers” in International
Class 7.

13. CINCINNATI (Registration No. 2,519,416) (see Exhibit D) is a trademark for:
“Machines and machine tools, namely, composite tape laying machines, composite fiber
placement machines, milling machines, machining centers and turning centers” in International
Class 7.

14. CINCINNATI (Registration No. 897,352) (see Exhibit E) is a trademark for:
“Numerical control equipment for machine tools-namely, milling machines, grinding machines,
drills, lathes, broaches, [tube-flaring machines], [flame-cutting machines], [riveting machines
and terminal [-wirewrapping] machines]” in International Classes 1, 9 and 10.

15. CINCINNATI (Registration No. 792,894) (see Exhibit F) is a trademark for:

“Lathes” in International Class 7.



16. LAMB ASSEMBLY & TEST, LLC d/b/a CINCINNATI AUTOMATION &
TEST has used the name CINCINNATI AUTOMATION & TEST in connection with assembly
and testing of parts and units, assembly machines, systems processing, and material handling and

assembly systems.

17.  The Opposers used the CINCINNATI name before the Applicant on or in
connection with goods and services similar to those claimed by Applicant.

18.  The Opposers’ use and registration pre-date any use of the CINCINNATI name
by Applicant.

19.  Applicant’s use of CINCINNATI TEST SYSTEMS on or in connection with the
goods and services claimed by Applicant is likely to cause confusion, to cause mistake or to

deceive.

WHEREFORE, the Opposers request that the registration of the CINCINNATI TEST
SYSTEMS mark in International Classes 9 and 37 sought by Applicant in United States
Application Serial No. 77/066,852 be refused under 15 U.S.C. § 1052(d) and § 1125(a), and that

this Notice of Opposition be sustained in favor of the Opposers.



Date: May 21, 2008

. GROVE (Reg. No. 39,697)

BRIAN L. RIBANDO (Reg. No. 27,109)

TERESA A. CHISHOLM (Reg. No. 61,479)
REISING, ETHINGTON, BARNES, KISSELLE, P.C.
P.O. Box 4390

Troy, Michigan 48099-4390

Phone: (248) 689-3500

Attorneys for Opposers, MAG INDUSTRIAL
AUTOMATION SYSTEMS, LLC; CINCINNATI
MACHINE, LLC; and LAMB ASSEMBLY & TEST, LLC
d/b/a CINCINNATI AUTOMATION & TEST



EXHIBIT A

U.S. PATENT NO. 3543392
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United States Patent Oce

3,543,392
Patented Dec. 1, 1970

1

3,543,392

MACHINE TOOLS HAVING CONVEYOR MEANS
EXTENDING THEREBETWEEN AND CARRYING
PALLET MEANS WHICH ARE SELECTIVELY
CONNECTABLE TO THE MACHINE TOOLS

Charles B. Perry, Raymond L. Bomkamp, and .Ke'ndal!
F. Bone, Cincinnati, Ohio, assignors to Cincinnati
Milacron Inc., Cincinnati, Ohio, a corporation of
Ohio

Filed Dec, 15, 1967, Ser. No. 690,940
Int. CL. B23p 23/06; B23q 3/57

U.S. CL 29—563 5 Claims

ABSTRACT OF THE DISCLOSURE

This invention has to do with an automatic manu-
facturing system and, more particularly, to a plurality of
work stations to which a variety of workpieces are carried
by a network of conveyors, in which means are provided
to identify each workpiece and means are provided to
direct the workpiece through a path variable in accordance
with load conditions in the network having various work
stations where selected operations are automatically per-
formed on the workpiece.

BACKGROUND OF THE INVENTION

The manufacturing methods and system in use today
vary with the total quantity of identical parts that are to
be produced. Where production quantities are sufficiently
high, it is economically justifiable to provide for auto-
matic machining on transfer lines. At the opposite end
of the production quantity spectrum (where a relatively
small number of identical items are required), the
recently-developed numerically-controlled machines con-
stitute a satisfactory means of semi-automatic manufac-
turing from an economic point of view. However, no
efficient or adequate means are presently available to
accommodate manufacturing in those situations where the
production rate requirements fall between these extremes.

In the case of machining parts, the manufacturing sys-
tems that are used at the present time for providing for
these interim production runs are those known as “way-
type lines.” Such production systems involve an assort-
ment of general-purpose and/or special-purpose machine
tools that are usually interconnected by roller conveyors.
The production tooling is such that at each station the
workpiece can be located and clamped; manpower is re-
quired to load and unload each machine tool and to move
the workpiece from one machine tool to another. This
system of manufacturing has several important de-
ficiencies:

(1) The initial investment is high in relation to the
productive capacity that can be attained; this is particular-
ly true in those cases where the maximum production
rates do not result in good utilization of many of the work
stations.

(2) The cost of the production tooling at each work
station is high.

(3) The resulting system is very inflexible and requires
a high investment to modify its manufacturing mission.

(4) A large amount of manual labor is required to
operate the system.

(5) Floor space requirements are high, since separate
lines normally are used to accommodate variations in con-
figuration or machining operations that may be incom-
patible with those of other parts.

These and other difficulties experienced with the prior
art teachings are overcome in a novel manner by the pres-
ent invention.

It is, therefore, an object of the invention to provide a
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manufacturing system which makes possible the auto-
matic manufacturing of parts now being produced
with high labor content on way-type lines.

Another object of this invention is the provision of a
manufacturing system that has the highest attainable
process efficiency without sacrifice of system versatility.
Also, the present invention provides a manufacturing sys-
tem that makes use of work stations designed to give high
process specialization and efficiency and further provides
a means of automatically applying such stations to a wide
variety of workpieces.

It is another object of the instant invention to provide
a manufacturing system incorporating means for auto-
matic operation of the entire system; this encompasses
routing workpieces from station to station and providing
automatic delivery to selected terminal points. The routing
system is such that the sequence of movement from station
to station may be random, meaning that automatic move-
ment from any station to any other station in the system
may occur selectively.

A still further object of the invention is the provision
of a manufacturing system in which random order manu-
facturing can be accommodated, i.., in which parts that
differ widely from one another can be made in a random
sequence. Automatic manufacturing of parts on a one-at-a-
time basis can be accomplished without sacrifice of sys-
tem efficiency.

It is a further object of the invention to provide a
manufacturing system that can accommodate parts in
random sequence, thus resulting in a major reduction in
the investment required for production tooling.

It is a still further object of the present invention to
provide a manufacturing system having a flexibility
rendering it capable of producing parts in quantities of
from one to many hundreds and thousands without ad-
versely affecting the cost per part; this added flexibility
makes it possible to attain an optimum relationship be-
tween varying production schedule requirements and
the productive capacity of the manufacturing system.

Another object of the invention is the provision of a

" manufacturing system consisting of a variety of ma-
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chine tools interconnected by a network of conveyors in
such a manner that a mixture of different workpieces
can be introduced into the system and subjected to a

‘number of different machining operations and each ma-

chine tool is used close to its optimum efficiency.

Another object of the invention is the provision of a
manufacturing system making use of a network of con-
veyors joining a wide variety of work stations of varying
capabilities, each workpiece cruising through the net-
work to have a variety of operations such as machining,
procsesing, assembly and inspection performed upon
it, wherein the most efficient work stations are used when
possible and the less efficient only when the more effi-
cient are not available.

Another object of the invention is the provision of a
manufacturing system capable of performing a variety
of machining operations on a variety of different work-
pieces, means being provided to select a mixture of
particular workpieces and associated production rates
for a certain time period, using the various work sta-
tions in the system as efficiently as possible.

Another object of the invention is the provision of
a manufacturing system providing for changing a cluster
of tools where high hole-density appears in machine
parts.

Another object of the invention is the provision of a
manufacturing system providing for the changing of
cluster heads carrying a plurality of tools at fixed cen-
ter lines, the changing taking place at high speed thereby
providing a highly efficient work station.
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Another object of the invention is the provision of a
manufacturing system using a predetermined arrange-
ment of process specialized work stations usable on a
variety of workpieces thus providing high system efficien-
cy and versatility.

Another object of the invention is the provision of a
manufacturing system incorporating automatic work-
piece routing in a network of conveyors and numerically-
controlled machine tools, wherein workpiece identifica-
tion intelligence accompanies the workpiece during rout-
ing and control of the machining operations.

With these and other objects in view, as will be ap-
parent to those skilled in the art, the invention resides
in the combination of parts set forth in the specification
and covered by the claims appended hereto.

SUMMARY OF THE INVENTION

In general, the present invention comprises a plu-
rality of work stations, a conveyor extending between
the work stations, a pallet or fixture movable along the
conveyor, and a workpiece attached to a downwardly-
directed surface of the pallet or fixture and extending
downwardly. More specifically, the conveyor is provided
with a staging area in which the pallet or fixture is pre-
sented with the said surface facing upwardly for removal
of a preceding workpiece, insertion and attachment of
the workpiece and after which the pallet or fixture and
workpiece are rotated 180 degrees for subsequent move-
ment along the conveyor from one work station to an-
other.

Also, each work station is provided with special regis-
trations means disclosed in the patent application of
Perry et al., Ser. No. 690,941, filed Dec. 15, 1967 for
Connector. Such an abutment having a downwardly-
directed surface which is very accurately located relative
to all work station axes and a connector is provided to
lock on upwardly-directed surface of the pallet or fix-
ture to the said surface of the abutment in an accurate
predetermined position relative to each other for the
performance of a machining operation on the workpiece.
In addition, means is provided to rotate the pallet or
fixture and workpiece through predetermined angles
about a vertical axis for performing machining opera-
tions at such angles.

Identification means is provided on each pallet or fix-
ture and identification reading stations are located at
key points along the conveyor for reading the identifica-
tion means and conveying such information to a control
center or data source from which machine address instruc-

tions are drawn to regulate routing and the performance

of machining operations. A control means is provided
for relating a given pallet or fixture identification to a
specific workpiece and for providing for movement of the
pallet or fixture and workpiece along the conveyor for
the performance of the operation, all in accordance with
a predetermined program associated with the specific
workpiece.

The connector for joining the pallet or fixture to the
work station of a machine tool, for example during
machining, includes a circular array of radial teeth as-
sociated with the special registration means or abutment
of a copending application noted earlier and a similar
circular array of radial teeth associated with the pallet
or fixture. Means is provided for bringing about relative
movement between the circular arrays to bring them in
and out of locking engagement and means is provided
to bring about a selected rotary indexing movement
between the circular arrays on occasion. It is contem-
plated -that some of the work stations of machine tools,
for example, be provided with a similar connection be-
tween its tools and a spindle and between certain at-
tachments and a part of the machine tool.

Furthermore, a ready-access memory bank is associ-
ated with the control center or data source, and means
is provided to transfer instructions therefrom relating
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to a particular workpiece as it enters the conveyor net-
work, and means is provided to send instructions rela-
tive to routing and control of work stations when the
particular workpiece arrives at that particular station.
One or more stations are provided in the conveyor
network to clean at least the connector associated with

each pallet or fixture. .
Some of the machine tools in the system are equipped

to automatically exchange cutting tools, multiple spindle
drill heads and machine accessories. Such machines may
be equipped with a bulk storage of large capacity of such
exchangeable items associated with the machine tool at a
distance remote from the spindle and a ready-access stor-
age of small capacity located close to the spindle. A con-
trol means is provided to ascertain the items that will be
needed at the spindle within a short time and the order in
which they will be needed and operating to transfer the
items from bulk storage to ready-access storage in the
necessary order. The control means acts to inhibit the
further formation of a queue in ready-access storage
when the next item which is to be added to the queue is
ahead of that position in the queue. This inhibition takes
place until the said next item has progressed to the ma-
chine tool spindle, has taken part in the machining opera-
tion and has been transferred to ready-access storage to
rejoin the queue.

Generally speaking, the invention contemplates the use
of a mixture of machine tools, some of them being de-
signed for very specialized process (rather than work-
piece) machining operations through collectively providing
the system with high versatility. More specifically, one
machine tool might be equipped to perform face milling
operations. Such a machine would have a single heavy-
duty spindle operating at high horsepower. Another ma-
chine might be a drilling machine equipped automatically
to exchange cluster heads each having light-duty spindles
in a predetermined pattern collectively operable at com-
patible horsepower and speed ranges. Still other machines
might be of a single-spindle design with multiple tool
storage and 2 tool changer associated therewith.

1t is contemplated that a pallet or fixture with its work-
piece can be returned to the staging area for removal and
remounting in a different orientation of the workpiece on
the pallet or fixture. After such remounting and reorien-
tation the workpiece re-enters the system. Normally, such
reorientation involves mounting the workpiece in a dif-
fering fixture.

Each machine tool has a branch conveyor associated
with it and control means is provided for directing work-
pieces along the conveyor network and into branch con-
veyors in accordance with a predetermined primary pro-
gram; means is provided for sensing the accumulation of
a queue of pallets or fixtures in each branch and acting
in response to a predetermined queue length in one of
the branches to shift to a contingency program for those
workpieces that would otherwise enter that branch. The
contingency program calls for the operation being per-
formed on an alternate machine tool which may be less
efficient but is available. The contingency program may
also call for the immediate performance on the work-
piece of an operation that, according to the primary pro-
gram, otherwise would be performed after the operation
performed by the particular machine tool in the said
branch conveyor.

Each branch conveyor is provided with a removable
section which brings the pallet or fixture under the ma-
chine tool registration means or abutment and is mov-
able away from the work area after the connector is op-
erative to suspend the pallet and workpiece from the
registration means or abutment.

The method of controlling the individual machines and
the means of delivering workpieces between the machines
in the manufacturing system of the invention differs rather
radically from the present state of the art. Numerically-
controlled machines in use today rely on a tape usually
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1-inch, 8-channel perforated tape, mounted in a tape
reader at the machine as a means of in-putting machine
commands. The machine is prepared to produce a series
of identical parts by mounting the appropriate cutting
tools in the tool storage system and a tape with the ma-
chine control instructions thereon in the tape reader. The
tape is advanced on a block at a time basis, the machine
executes the commands relayed to it from the tape. At
the conclusion of the run of the tape, the tape is rewound
and the process repeated for each part produced. The
control philosophy for the present manufacturing system
is such that random parts (different part numbers in a
random sequence) will be produced by each work sta-
tion. This means that tapes containing the instructions for
a particular part number cannot be used as machine con-
trol input means. Random order manufacturing also
means that the number of different cutting tools that
must be available for use in a given period at the ma-
chine must be compatible with the requirements of all the
part numbers currently being produced on that work
station. The present manufacturing system also imposes
unique requirements in respect to controlling the move-
ment of workpieces between machines. The present state
of the art in applying N/C performs this task by man-
power and, in general, today’s numerically-controlled ma-
chines are conceived around performing most of the
operations required by the workpiece at one station. The
philosophy of the present invention is to achieve a higher
efficiency in metal cutting by specializing the stations.
Hence, a particular part will normally pass over many
such specialized stations. This, in turn, generates the re-
quirement for control of workpiece movement and neces-
sitates the system capability of being able to move from
any work station to any other work station.

In order to improve the chip cutting time of all the
stations in the present system, the principle of queuing
is used and this requirement to queue ahead of each work
station imposes special conditions upon the work move-
ment system and the system control logic.

Another control feature of the invention is the ability
to accommodate automatically short term over-loads of
particular modules, or the occurrence of an unscheduled
event, such as a machine breakdown, or other event that
may necessitate the short term removal of a work station
from an on-line “status.” This capability is referred to as
“contingency programming.” The details of its operation
and the way in which it makes use of an off-line computer
and the logic requirements it imposes upon the central
data source will be described hereinafter.

Another special control requirement of the system is
the ability to meet the special system control problems
imposed by a cluster head drilling module. This module
handles large numbers of multiple spindle heads in such
a manner that they can be automatically exchanged and
applied to workpieces. The problems associated with a
high density random access storage of such heads and
the means of rapidly exchanging them in the spindle and
returning to storage requires special features in the con-
trol system to accommodate. The basic control concept
used to solve the special problems of the cluster head
involve the following:

(1) Identify the workpieces approaching the module
upstream of their arrival at the module;

(2) Search the tool logic unit memory bank for the
location of the required tools for each part number
approaching the station; )

(3) Bring about the progressive removal of the re-
quired tools in the sequence that they will be used from
ths storage matrix into an inflowing queue line moving
the tools toward the spindle;

(4) As tools are applied to the work, provide for their
release from the spindle and return in a separate queue
back towards the storage matrix;

(5) Remove tools from the return queue and place
them back in the storage matrix.
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6
BRIEF DESCRIPTION OF THE DRAWINGS

The character of the invention, however, may be best
understood by reference to one of its structural forms,
as illustrated by the accompanying drawings, in which:

FIG. 1 is a plan schematic view of a manufacturing
system embodying the principles of the present invention,

FIG. 2 is a perspective view of the system,

FIG. 3 is a perspective view of a conveyor forming
part of the system with machine tools removed for clarity
of understanding,

FIG. 4 is a perspective view of a pallet and work-
piece arrangement forming part of the invention,

FIGS. 5 and 6 are end and side views, respectively,
showing a fixtured pallet for holding workpieces different
from that shown in FIG. 4,

FIGS. 7 and 7A are perspective views of machine tools
forming parts of the invention,

FIG. 8 is a plan view of another machine tool used
in the invention,

FIG. 9 is a rear elevational view of the machine tool
shown in FIG. 8,

FIG. 10 is a side elevational view of another ma-
chine tool used in the invention,

FIG. 10A is a perspective view of a modification of
a portion of the machine tool shown in FIG. 10,

FIG. 11 is a perspective view of a typical machine tool
and associated equipment as used in the practice of the
invention,

FIG. 12 is a perspective view of a modified form of
the equipment shown in FIG. 11,

FIG. 13 is a somewhat schematic side elevation of a
portion of the manufacturing system in a first condition,

FIG. 14 is similar to FIG. 13, but shows the equip-
ment in a second condition,

FIG. 15 is a side elevation, somewhat enlarged, of a
portion of the apparatus shown in FIG. 13,

FIGS. 16, 17, and 18 are vertical sectional views of
a portion of the apparatus, showing various conditions
thereof,

FIG. 19 is a schematic view of the system showing
the control apparatus,

FIG. 20 is an illustrative view further showing the
control system, and

FIGS. 21, 22, and 23 show variations of the layout
of the manufacturing system of the invention,

DESCRIPTION OF AN EMBODIMENT
OF THE PRESENT INVENTION

Referring first to FIGS. 1, 2, and 3, wherein are best
shown the general features of the invention, the manu-
facturing system, indicated generally by the reference
numeral 10, is shown as including a primary loop system
or conveyor 11 in the form of a loop and a plurality
of secondary or subsystem conveyors 12, 13, 14, 15, and
16. The purpose of each of the secondary or subsystem
conveyors is to deliver work to and from specific work sta-
tions. For instance, the subsystem conveyor 12 services a
work station 25, the subsystem conveyor 13 services a work
station 26, the subsystem conveyor 14 services a work
station 27, the secondary conveyor 15 services a work
station 32, and the conveyor 16 services a work station
33. One end of the primary or main conveyor is reserved
as a staging area 35 at which the workpieces are pre-
pared before introduction into the network of conveyors.
This portion of the conveyor is associated with at least
two turnover stations 36 and a wash station 40. A by-pass
conveyor 37 extends across this end of the conveyor
and permits workpieces to move around the loop with-
out passing through the staging area. At the same end
of the main conveyor it is provided with incoming work
branches 38 by which finished workpieces are caused to
pass to various remote places of use or storage. As is
evident on the drawing, the flow of workpieces along
the main conveyor is in the clockwise direction, as viewed
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from above. FEach subsystem conveyor has its entrance
“upstream” of its exit.

In the main conveyor immediately ahead of the inter-
section of the entrance of each cross conveyor with the
main conveyor is an identification reader; for instance,
a primary identification reader 39 is associated with the
intersection of the entrance to the subsystem conveyor
12. The reader 39 transmits the identity of the pallet
or fixture to the system control center or data source
which, in turn, releases an appropriate signal to the
turntable 41 which also serves the entrance to the sub-
system conveyor 12. If the work is not to be addressed
to the conveyor 12, then the signal to turnstile 41 would
be to permit the pallet or fixture to pass through on the
main conveyor system.

Similar primary identification readers 42 are located
ahead of each turnstile within the distribution network
where the distribution branches 38 leave the main con-
veyor. These readers transmit pallet or fixture identifica-
tion data to the system control center or data source to
obtain appropriate instructions for that particular work-
piece relative to routing within the distribution network.
Another primary identification reader 43 is located at
the entrance to the by-pass conveyor 37 to transmit pallet
or fixture identification data to the control center or
data source to control either entry into the staging area
35 or by-pass into the loop 37.

A secondary identification reader is located in each of
the subsystem conveyors just ahead (upstream) of the
work station; for instance, a secondary identification
reader 44 is located in the subsystem conveyor 12 in
conjunction with the work station 25. This reader, by
reading identification coding associated with the pallet or
fixture determines whether or not it is properly in the
subsystem conveyor 12 moving toward the work station
25. Once the presence of a particular workpiece is re-
dundantly checked or determined to be correct, the con-
trol center releases appropriate data as soon as that work-
piece is in registration at the work station, thus providing
for the suitable numerical control of the work station 25
in performing the preselected machining operations on
the workpiece. It will be understood that the work stations
can be in the form of machine tools that perform machin-
ing operations or can be in some other form, such as an
inspection station for testing the accuracy of machining
operations previously performed on the workpiece.

In the previous discussion, the pallets or fixtures have
been described as moving along the conveyors with the
workpiece mounted on the lower surface of a pallet. The
pallet or fixture is the member which actually makes con-
tact with, is supported by, and is propelled by the con-
veyors. For instance, in FIG. 4, the pallet 45 is shown
as being plate-like in form and rectangular in plan. It
has an upper surface 46 upon which registration means
43 is provided as described in a previously noted copend-
ing application and a flat lower surface 47. In FIG. 4,
a workpiece 48 is shown in position to be attached to
the pallet 45. The workpiece 48 (shown for the purpose
of illustration as the block of a V-8 automobile engine)
represents an unstable part in respect to mounting in the
required orientation as to the lower surface of the pallet
45. The workpiece is shown as being carried by a mount-
ing plate 49 which is used to attach it to the pallet. After
the pallet and workpiece have passed through the manu-
facturing system and all of the machining and inspecting
operations have been performed, the workpiece is re-
moved from the mounting plate or fixture 49. Carried on a
side surface of the pallet or fixture is an identification
code means 51 (see also FIG. 20). A magnetically neutral
surface is attained by having a code implemented by
presence or absence of slugs 52 of a material representing
a poor transmitting medium for magnetic flux. The read-
ing of the code is accomplished by the use of proximity
sensing heads whose output is responsive to the magnetic
flux path transmitting characteristic of the material in
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front of the head. The operator at the staging area knows
the part number of the particular workpiece that is
mounted on a particular numbered pallet and he introduces
this information into the system control center so that,
as the pallet and workpiece cruise through the conveyor
network, the equipment, by reading the coded number of
the pallet, knows what workpiece is present and can give
the proper instructions to direct the pallet to the appro-
priate next address and controlling the performance of
the appropriate operations at each work station in ac-
cordance with a predetermined stored program for that
particular numbered part or workpiece. The mounting
of the workpiece on the pallet must be done accurately.
The means of accurately locating the pallet or fixture at
each work station are described in detail in a previously
noted copending application disclosing registration means.

FIGS. 5 and 6 show a similar pallet 53 to which a work-
piece 54 is attached. This workpiece is shown as being
adapted to the pallet by means of fixture 55 which is in-
tegral with the pallet. The upper surface of the pallet is
provided with the lower portion 56 of a connecting means
57.

FIG. 7 shows the construction of the work station 25
which comprises a heavy-duty milling machine module
and associated center section 70 for registration and sup-
port of the workpiece. On the base 59 is mounted an
x-motion slide 61 operated by an actuator 62. A column
63 is mounted on the slide 61 and a saddle 66 for z-
axis movement therewith under the impetus of an actuator
64. Vertical ways 65 are provided on one side of the
column for y-axis movement of the saddle 66, the move-
ment being brought about by an actuator 67. A horizontal
spindle carrier 68 is mounted on the saddle 66 and driven
by a large motor 69. A center section or inverted support
70 is provided to one side of the column and cutter. On
the end of the spindle is mounted a face-milling cutter 71.
A pallet 72 is suspended from an abutment 73 with the
center section 70 associated with the work station 2§
and a workpiece 74 is mounted on the underside of the
pallet, so that at least one of its faces can be milled flat
by the cutter. Other workpieces wait with their pallets
in a queue to receive a machining operation at the work
station. It can be seen, then, that this work station is pro-
vided with a machine tool which does one class of
machining work very efficiently (heavy duty milling
operation). It is a specialized machine and is simple,
rugged, and inexpensive.

FIG. 7A shows some detail of the work station 26.
The base 75 is provided with a vertical pedestal or column
76 which is capable of x-axis travel relative to the base
and which is provided on one side with vertical ways 77
on which is mounted a saddle 78 capable of y-axis move-
ment. The saddle has a way 79 on which is mounted a
spindle carrier 81, the carrier having z-axis movement
along the way. Mounted in the carrier is a spindle 82
adapted to carry tool 83; a large number of such tools
84 are stored under the spindle carrier and are carried
in sockets 85 provided on an endless chain 86. The chain
is suitably guided and driven for movement in a gener-
ally horizontal plane toward the bottom or along the
underside of the carrier. A tool interchanger 87 is
mounted at the front end of the carrier to transfer tools
back-and-forth between sockets on the storage chain 86
and the spindle 82. A workpiece 74 is suspended in the
machining area from its pallet 72 which, in turn, is con-
nected to the underside of another abutment 73 fixedly
related to another center section 70.

It can be seen, then, that the work station 26 is an-
other extremely efficient specialized work station capable
of performing any of a large number of machining opera-
tions constrained by a maximum diameter and available
horsepower. The primary function of this module is to
perform hole generating and processing operations com-
patible with single tool processing or machining opera-
tions. To perform these operations, design emphasis is
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slanted toward attainment of a wide range of spindle
speeds, high-speed tool changing, and dynamic operation
of the relatively light-weight spindle carrier that does not
have to contend with high radial forces such as en-
countered during heavy duty milling with a large cutter.
A specialization of work station processing, combined
with workpiece versatility, is an important improvement
of the features of the present invention.

The single spindle tool changing module or work sta-
tion 26 is equipped with a random access tool storage
matrix. This matrix is mounted on the underside of the
spindle carrier. The storage matrix design is such that
it can bring into transfer position any desired tool. At the
time of programming, each unique cutting tool is assigned
a code number. This number defines not only the cutter,
but the cutting tool adapter, the amount of protrusion
from the adapter (the tool offset), any adapter that is
required between the tool holder and the spindle adapter;
in short, all information required to prepare the cutting
tool in its tool holding system. This tool code number is
inserted on the program manuscript for subsequent elec-
tronic delivery from the central data source to the machine
module whenever a part number requiring that particular
tool is active in the system. The code number is also used
in conjunction with a tool classification manual so that
the cutting tool and its holding system can be preassembled
in a tool crib in a manner corresponding to that required
by the programmer.

At any given time in the operation of the total manu-
facturing system, an assortment of cutting tools is loaded
into the single-spindle tool changing modules. At the time
of this loading of cutting tools and their holders into the
storage matrix of these machines, the tool storage logic
system would relate the identity of the tool (the number
called for by the programmer and on the part program)
with the storage pocket location in the machine’s storage
matrix.

As the parts are machined on the single-spindle tool
changing module, the identity of the next tool to be used
would be dispatched from the central data source and
through the tool holder logic system results in a rotation
of the tool storage to the appropriate position occupied
by the desired tool. This delivers the next tool to be used
to the transfer position of the system.

As soon as the last application of the cutting tool in
the spindle has been completed, an interchange is imple-
mented exchanging the position of the tool in the spindle
with the cutting tool in the transfer position of the storage
matrix. At the end of this cycle, the tool that was in the
spindle is placed in the storage pocket location in the
storage matrix that was formly occupied by the tool now
in the spindle. The tool storage logic system now assigns
the location of the formerly used tool to the position in
the storage matrix it now occupies. The details of the
operation of the tool storage logic system in keeping track
of where the tools are in the storage matrix and in the
interchange system is as follows:

SEQUENCE OF OPERATIONS FOR A SWING-TWIST
OR A DOUBLE-ARM TOOL CHANGER WITHOUT
INTERMEDIATE QUEUES:

(1) Read new tool number to accumulator (ACC);

(2) Set address BEG (beginning) to memory address
registry (MAR);

(3) Read tool number from BEG (beginning) to ma-
chine data registry (MDR);

(4) Compare the machine data registry (MDR) with
accumulator (ACC);

(5) If there is no comparison, then increment memory
address register (MAR);

(6) Read the new tool number into the machine data
registry (MDR) and repeat the comparison;

(7) I equivalence is found, the memory address reg-
istry (MAR) contains the required address of the tool
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in the tool storage location and a positioning command
is transmitted to the tool storage;

(8) Upon an indication of tool positioning in storage,
a tool number interchange occurs;

(9) Transfer memory address registry (MAR) to ma-
chane data registry (MDR);

(10) Set memory address registry (MAR) to address
FIX;

(11) Store machine data registry (MDR) to FIX;

(12) Transfer accumulator (ACC) to machine data
registry (MDR);

(13) Set memory address registry (MAR) to address of
spindle (SPD);

(14) Read spindle address (SPD) to machine data
registry (MDR);

(15) Store accumulator (ACC) to spindle address
(SPD);

(16) Machine data registry (MDR) to accumulator
(ACC);

(17) Set ADD FIX to memory address registry

) 3

(18) Read FIX to machine data registry (MDR);

(19) Transfer the machine data registry (MDR) to the
memory address registry (MAR);

(20) Record accumulator (ACC) to memory location
labelling the tool location in which tool has just been in-
terchanged with spindle.

Referring to FIGS. 8 and 9, the work station 27 is
shown as a2 machine tool in which holes are processed by
cluster heads or tool modules which are automatically
exchangeable. The machine tool is of the type shown and
described in the copending patent application of Perry,
Ser. No. 690,942, filed Dec. 15, 1967, for Machine Tool
and is provided with a base 90 having slide ways 91 upon
which a saddle 92 is movable horizontally (X-axis). An
upper surface of the saddle is equipped with transverse
ways 93 upon which a column 94 is movable in the trans-
verse (Z-axis) direction. On one side of the column 94
are mounted vertical ways 95 upon which a spindle car-
rier 96 is mounted to be movable vertically (Y-axis). The
face of the spindle carrier is equipped with a circular abut-
ment 97 for accurately registering and supporting the clus-
ter heads or modules. Each module is provided with one
or more spindles 98 and tools 99 rotatably driven. The
power to rotate the spindles and the tools enters the clus-
tle‘:‘lhead rear by engagement thereof with a drive shaft

The drawings show a storage matrix or magazine gen-
erally indicated by numeral 100. This storage magazine
provides random access for a plurality of modules 102.
Each of these modules 102 may be equipped with a plu-
rality of cutters or tools 99 mounted at predetermined lo-
cations and driven at predetermined speeds as required
to perform hole processing operations simultaneously on
multiple locations of a workpiece. This storage matrix in-
cludes a multi-level circular storage arrangement illus-
trated by these views. Tool modules 102 are selectively
removed from storage magazine 100 by an elevator and
transfer system 103. This system 103 is capable of re-
moving any module from any level of the storage maga-
zine and delivering the module to an in-flow queue line
area 104. The elevator and transfer system 103 includes
a support 105 having vertical ways 106 along which a
saddle or carriage 107 traverses. The carriage is driven
by a ball screw and motor 89. A hydraulic cylinder 108
on the carriage 107 effects transfer of a predetermined
module 102 from a particular level of the storage maga-
zine radially outwardly thereof and then rises or descends
to a co-planar relationship with other modules 102 al-
ready arranged along the in-flow queue area 104. An
actuator 109 is suitably mounted and operable to shift
a module laterally into the in-flow queue line area 104
which has a cover or shroud over at least a portion there-
of, Each storage magazine level may be independently
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rotatable in a “lazy susan” manner or all levels may be
rotated simultaneously, so that modules that will be re-
quired subsequently can be brought into radial position
for service accessibility by the transfer carriage 103.
These positioning operations can be performed concur-
rently while other levels of the storage matrix are either
discharging or receiving cluster head assemblies.

Suijtable electronic control for energization of matrix
and transfer components is provided. This electronic capa-
bility provides the means of relating unique identity of
each head to a particular location in the random access
storage matrix. It also keeps track of where each cluster
head that is discharged from the matrix is located as
it moves along the in-flow queue area to the cluster head
registration means 97 and then along a return queue line
110 back into the storage matrix.

This electronic capability is such that tools can be
placed in the most readily accessible storage location, it
not being necessary to return the tool modaules to the same
location from which they were previously taken. The
address or location of each unique module is elec-
tronically subject to continual mutation thus contribut-
ing to system flexibility and efficiency. Each module is
pulled by arm means 88 toward the spindle 96 having
connector means or circular abutment 97 in accordance
with co-pending patent application, Ser. No. 690,941,
Perry et al,, filed concurrently herewith.

Upon arrival of the spindle carrier 96 at the cluster
head transfer position, the module which has just been
used is shifted by an elevator means 80 to a lower level
positioned for entry into the return queue line 110. Used
cluster heads in the return queue line 110 are moved
laterally into alignment with a storage return transfer
apparatus 111. The cluster head is picked up from the re-
turn queue line transfer position by a laterally shiftable
member 112 having plural undercut slotted portions that
engage multiple studs with enlarged heads or gripable
ends on the module. The shiftable member 112 is movable
both linearly and pivotally to effect cluster head move-
ment into differing predetermined positions during trans-
fer to the storage magazine 100. Linear movement oc-
curs to effect transfer of the used cluster head from the
return queue line followed by concurrent pivotal move-
ment around an axis 115 shared by a drive motor 116. An
external gear segment 113 and motorized driver effect
turning through a predetermined arcuate distance about
the axis of motor 116. Drive motor 116 drives a pinion
gear which impinges upon a rack to effect linear transfer
radially to an appropriate storage compartment 119 of
one tier of storage matrix 100. Transfer of the tool
module into the jurisdiction of the storage compartment
is accomplished sequentially by operation of a motorized
ball screw 120 which causes raising or lowering of a
carriage into a level at which radial movement of the
used cluster head occurs to the storage matrix. The motor
116 drives the pinion gear impinging upon the rack which
shifts the cluster head assembly laterally or radially into
a storage location. The motorized ball screw 120 is then
operated to cause the carriage to descend and deposit
the cluster head assembly into the storage compartment
119. Still further lowering of the carriage provides clear-
ance between enlarged stud heads and undercut slots for
release of engagement therebetween. Upon attaining such
release, the energizing of motor 116 is used laterally to
withdraw the transfer plate assembly or shiftable mem-
ber 112 from the storage location.

It is to be understood that for some installations the
so-called “lazy susan” type storage means 100 as well as
transfer and elevator system 111 may be omitted.
Then, the return queue 110 for cluster heads is extended
for transfer of such cluster heads back to the elevator and
transfer carriage 103. Also, it should be further under-
stood that the “carrousel” storage means 106 may be
present in a system without the transfer and elevator
system 111 in which case the elevator and transfer sys-
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tem 103 is used both for loading and unloading of cluster
heads.

These three options permit the design to be tailored
very specifically to the requirements of a particular instal-
lation. Where the total number of cluster heads is low,
no “carrousel” storage system 100 would be required since
the capacity of the in-flow and return queue line is ade-
quate, assuming sequence of cluster head usage applied
remains fixed for a given period of a system application.
The “carrousel” storage means would be present, but the
elevator and transfer means 111 omitted whenever the
mean consumption of tool modules (transfer and metal
cutting time) is compatible with the load and unload
time of the elevator and transfer carriage or device 103.

It should be further understood that the storage ca-
pacity of the “carrousel” or “lazy susan” storage mecans
may vary widely and yet be within the scope of the fea-
tures of the present invention as herein disclosed. The
capacity per deck or per tier or level of storage means can
be varied. Preferred numbers, as a “power” of the num-
eral 2, ie., 2, 4, 8, 16, etc., are compatible with binary
control logic for data storage and manipulation as is re-
quired to “remember” the discrete address of each unique
cluster head assembly in the storage matrix.

FIG. 10 illustrates a machine tool generally indicated
by item 130. This configuration is suitable for the posi-
tioning of a rotary spindle 131 in three linear axes. With
minor variations, this configuration is suitable for driv-
ing a series of different classes of cutting tools: a milling
cutter 132 is shown; however, this configuration of ma-
chine can also be used for driving boring tools, facing
tools, and other types of rotating metal cutting tools. The
machine illustrated in FIG. 10 can be used in this con-
figuration for various classes of milling work. For ex-
ample, a heavy duty milling module, a medium duty
milling module, and a light duty module. Other versions
of the machine will be used for precision milling opera-
tions in which emphasis will be slanted towards getting
very high accuracy on the workpiece. Still other versions
will substitute a milling spindle with a precision boring
spindle.

The machine tool 130 is composed of a base 133 which
supports longitudinal ways 134 upon which a saddle 135
moves in the X-direction. The function of the saddle is to
provide a support structure for the Z-axis way 136. A
column 137 is mounted on anti-friction rollers 138 riding
on the way 136. On the side of the column 137 are
mounted vertical ways 139 upon which a saddle 140
mounting a carrier 141 is carried. This saddle 141 also
carries the spindle 131 and a drive motor 142.

All axis movements on the three axes are driven by
preloaded ball screw and nut assemblies similar to the
assembly 143 showing the ball screw used on the vertical
axes. The screw is driven by a servo motor 144 sitting
on top of the column structure. At the opposite end of the
screw is a tachometer 145 generating a signal propor-
tional to the speed at which the screw is rotating. Also
mounted on the lower end of the screw is a bearing hous-
ing support 146.

As previously described, a variety of different metal
cutting machines will be built in accordance with the
general configuration described and illustrated in FIG. 10.
Each module built in this general configuration is designed
so as to optimize the driving of a particular group of
cutting tools in order to achieve very high metal cutting
efficiency. The drawing illustrated in FIG. 10 is that of a
machine conceived around performing boring and some
milling operations with very high efficiency. The emphasis
in the design of the mechanical elements of the machine
would be around achieving very high rigidity in order to
contain the reaction forces generated in the cut area with
minimum machine deflections. Other machine tools built
to this general configuration will have the bare design
emphasis slanted in still other directions. For example,
a precision milling module would have the design em-
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phasis aimed at achieving very high accuracy without the
requirement for high metal removal rates. Although these
two milling machines would look essentially alike, the
design and construction emphasis would provide these
different application process efficiencies. In the case of
using this general machine configuration for precision
boring operations, an entirely different spindle carrier sys-
tem would be applied to the column structure. Such a
spindle carrier may or may not be equipped with an auto-
matic tool changer, a principle for automatically chang-
ing cutting tools as described elsewhere in this disclosure.
In the case of the boring spindle, the emphasis in the
design would be aimed at achieving very close control of
spindle runout and a very accurate control of the Z-axis
movement linearity in order that holes very round,
straight and to close diameter control can be generated.

The principle of process specialization of each of the
machine tools used in a manufacturing system in accord-
ance with the invention is carried considerably further
than has been characteristic of the present state of the art
in the design of machine tools. The present state of the
art in the design of milling machines, for example, is to
provide a wide range of spindle speeds and feedrates, and
to design a spindle nose suitable for accommodating a
variety of different types of cutters. Such machines are
highly versatile, but are limited in metal cutting efficiency
due to the compromises in their design required to achieve
versatility. The philosophy of this manufacturing system
is to achieve the highest possible degree of specialization
within the performance of each machine tool module and
to achieve versatility by the mix of such specialized
modules present in a particular system. By this combina-
tion, it is possible to achieve the twin results required, i.e.,
very high metal cutting efficiency on the one hand and
very high versatility of the system on the other hand.

This principle of process specialization is exemplified
in FIG. 10A, wherein there is illustrated a version of the
machine tool 130 modified by the addition of two boring
spindles 147 and 148. These spindles and their associated
carriers 149 and 150, respectively, are identical except
for the fact that the spindle center line of the lower car-
rier 150 is inverted. With this arrangement, the two spin-
dle center lines can be brought very close together.
Mounted in the two spindles are cutting tools 151 and
152, respectively. The center-line to center-line separa-
tion distance of these two spindles is adjustable as a
numerically controlled programmable variable. The vec-
tor distance separating spindle center line of carrier 149
from that of carrier 150 is defined as axis Y—-A. The Y-A
axis is in the same vector direction as axis Y which gov-
erns the position on the column of the two spindle center
lines. The procedure for applying this configuration of
machine is to numerically call for the axis Y-A to be
varied to a predetermined value under closed loop servo
operation of the numerical control system. This separation
distance would be controlled to very high accuracy using
a high resolution linear position transducer. Having estab-
lished the appropriate spindle center line to center line
separation distance as governed by the requirements for
a particular application on workpieces, the two spindles
would be moved concurrently with the separation dis-
tance locked in the Y axis direction. In other words, it is
possible with this arrangement to engage the two spindles
with a controlled separation distance between them into
various areas of a workpiece.

The dual spindle machine illustrated in FIG. 10A will
be used to achieve the point objectives of high process
efficiency and high productivity on the workpieces such
as engine blocks wherein it is desired to perform rough-
ing and semi-finishing boring operations on more than
one cylinder bore at the same time. The addition of the
second spindle assembly doubles the productivity of the
station for a relatively small incremental cost increase of
the machine. This configuration of the machine will also
be useful for many other metal cutting assignments be-
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sides the boring of cylinder holes. An example of some
other applications would be the generation of bored holes
for spindle bearings, shaft centers, and the like,

It is to be understood that the general configuration
of the machine illustrated in FIG. 10A is not limited to
applications in which axis Y—A is locked after being set
at a predetermined separation distance, This axis can be
dynamically varied during a metal cutting operation. An
example of the usefulness of this capability would be the
milling of a part flange in which the center line of the
cutter could be kept on two opposing flanges by dy-
namically varying the separation distance as the cutters
move from left to right on the workpiece.

"It is to be further understood that the machine illus-
trated in FIG. 10A may or may not be equipped with an
automatic tool changer. The description of a suitable tool
changing system for use on such spindle carriers is illus-
trated elsewhere in this disclosure.

FIG. 11 shows the manner in which a work station
171 is provided with a pallet-supporting abutment 172.
The work station 171 consists of a machine tool having
a base 173 adapted to be bolted to a foundation such as
a floor 174, The base is provided with X-axis ways 175.
Slidably mounted on the ways is a pedestal 176 having
vertical ways 177 which carry a saddle 178 for Y-axis
movement. On the saddle is mounted a block 179 in
which is carried the spindle 181 for Z-axis motion. Also
mounted on the floor is a massive pedestal 182 from the
top of which extends the abutment 172. On the abutment
is mounted the upper portion 184 of a connector, a lower
portion of which is carried by each pallet; the construc-
tion of the connector will be described more fully herein-
after. Although the conveyor is not shown in this view,
it will be understood that it extends past the machine tool
at the level of the bottom surface of the abutment 172
and the upper portion 184 of the connector. Underlying
the conveyor is a chip trough 185 which is supported on
a frame 186 which rests on the floor 174 between the
pedestal 182 and the base 173. A network of such troughs
extending through the manufacturing system will pick up
chips, and cooling fluid and oil, from the machining
processes and carry them to a point of disposal.

FIG. 12 shows a modified form of the chip removal
apparatus in which, as before, a trough 187 extends be-
tween a pedestal 188 and a machine tool 189. In this
case, however, the concrete floor 191 is provided with a
trench 192 in which rests a support frame 193 for the
trough. The trench will receive any overflow or leakage
from the trough and can be flushed with water from time
to time to remove debris of that kind.

FIGS. 13 and 14 demonstrate the manner in which the
apparatus is manipulated to bring the pallet and work-
piece on the conveyor to a position underlying the abut-
ment and to remove the conveyor from the work area
once the pallet has been firmly connected to the abut-
ment. A machine tool 194 rests on a floor 195 and is
accurately related to a workpiece-supporting abutment
196. The branch conveyor which extends past the machine
tool consists of a fixed incoming section 197 which carries
a queue of pallets 198 and their workpieces and a fixed
outgoing section 199. Between them extends an intermedi-
ate section 201 which is longitudinally slidably mounted
in roller guides 202 and 203. In FIG. 13, the intermedi-
ate section 201 is in a left-hand postition close to the
outgoing section 199 and connected thereto by a pin-and-
socket arrangement; on it rests the current pallet 204
with its workpiece 205 and the next pallet 206 is in ready
position on the section between the guides 202 and 203.
Once the connector 207 has been actuated and the pallet
locked to the abutment, the intermediate section 201 is
drawn to the right, as shown in FIG. 14. The pallet 204
and its workpiece 205 hang sunspended from the abut-
ment and the area around the workpiece is free for the
machine tool to perform its operations. Means is provided
in connection with the connector 207 to rotate the work-
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piece to various angular relationships to the machine tool
spindle, With the section 201 withdrawn to a position
next to the incoming section 197 and connected thereto
by a pin-and-socket arrangement, the first pallet 198 in
the queue is free to move from the section 197 to the
section 201. Then, when the machining operations on the
workpiece 205 are finished, the section 201 will be moved
to the left again to receive the pailet 204 (when the con-
nector 207 is released). The pallet will move onto the
outgoing section 199, while the next pallet 206 moves into
position under the abutment.

In FIGS. 13 and 14 are shown the manner in which a
canopy 208 overlies the conveyor and protects the pallets
and workpieces from dust and debris. In this way, once
the pallet has passed through the work station 40, the
coded plate or identification code means 51 and the lower
part of the connector 207 on the pallet can be kept clean.
‘Also evident in these figures of the drawings is the pres-
ence of fluid-operated stops 209, 211, and 212 that regu-
late the movement of the pallets into the work area.

FIG. 15 shows the general relationship that exists be-
tween the pallets, the abutment 196 and the connector
207 as observed from the machine tool, the flow of pallets
being from left to right. The connector is of the type
shown and described in the patent application of Perry
et al., Ser. No. 690,941, filed Dec. 15, 1967 for Connector
and is formed in two parts; an upper part 213 attached
to each abutment and a lower part 214 attached to each
pallet, each part having a circular array of radial gear
teeth which are complementary. The engagement of these
teeth determines very accurately the position of the work-
piece relative to the spindle of the machine tool, or to
the operating components of any of the work stations.
The drawings show clearly how the pallets normally rest
on the rollers 215 of the conveyor and are driven by them
along the conveyor; when a pallet, such as the pallet 206,
is connected and locked to the abutment 196 by the con-
nector 207, it has been lifted from the conveyor, so that
the conveyor can be temporarily removed, as has been
described. The parts of the connector are provided with
seals of the type shown and described in the patent appli-
cation of Attermeyer Ser. No. 690,926, filed Dec. 15,
1967 for Connector; these seals prevent the accumulation
of debris on the surfaces of the teeth in the connector,
thus guaranteeing that the close tolerance of location be-
tween the workpiece and the machine tool is mot dis-
turbed.

FIGS. 16, 17, and 18 show the manner in which the
connector is operated to attach the pallet to the abutment.
In FIG. 16, the pallet 206 with the lower part 214 of
the connector extending upwardly from its upper sur-
face rests on and moves along the rollers 215 of the con-
veyor. The pallet approaches the abutment 196 which has
upper part 213 extending downwardly from its undersur-
face. The upper part is shown as an annular member
formed with upwardly-extending projections such as radial
teeth 216. Extending under the annular member is a
diaphragm plate 217 having a central hub 218 formed
with a T-shaped slot 219. The upper part 213 is also
formed as an annular member having downwardly-de-
pending projections such as radial gear teeth 221. A shaft
222 is mounted centrally of the annular member and is
provided with an actuator 223 to pull it upwardly. The
shaft is also rotatable by a motor 224 which is of the
electrical type having an elongated stator winding 200
which is much longer than the rotor winding 210 to per-
mit rotation of the shaft 222 irrespective of its wertical
location. The lower end of the shaft is provided with a
T-shaped head 225 adapted to fit into the slot 219 of the
lower part of the connector.

As the pallet approaches a position directly under the
abutment, the head 225 enters the slot 219 and the situ-
ation exists that is shown in FIG. 17. The pallet and the
abutment are loosely connected by the interengagement
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of the head with the slot. The weight of the pallet and its
workpiece are still carried on the conveyor. The actuator
223 is then energized, thus drawing the shaft 222 upward-
ly and pulling the pallet 206 with it. The pallet is now re-
moved from the conveyor rollers, but the teeth 216 and
221 are still some distance apart. The motor 224 can then
be actuated to rotate the pallet and workpiece about the
vertical axis of the shaft 222 so as to present a predeter-
mined aspect of the workpiece to the machine tool.

Finally, as shown in FIG. 18, the complementary teeth
216 and 221 are drawn together tightly and the pallet is
then very accurately located relative to the machine tool
so that numerically-controlled machining operations can
be performed on the workpiece with good results. The
final clamping takes place by use of a wedge 220; the
clamping forces are brought to bear directly behind the
array of teeth 216 by use of a ridge 227 at the outer
periphery of the diaphragm 217 which presses against the
back side of the annular member that carries the teeth. In
this way, the teeth are brought together with a pre-
determined force that does not distort the parts and detract
from their locating function.

FIG. 19 shows a part of the control apparatus for the
system. A portion of the main loop conveyor 11 is shown
with three branch conveyors 12, 13, and 14. A numerical
control cabinet 228 is connected by a cable 229 to the
work station 25, a cabinet 231 by a cable 232 to the work
station 26, and a cabinet 233 by a cable 234 to the work
station 27. At the end of the staging area 35 is an opera-
tor’s information transmitter 235; when the operator
places a particular part or workpiece on a pallet he
punches into the transmitter the information that a cer-
tain part number is attached to a certain coded pallet. The
control apparatus now knows two things: (1) that a cer-
tain kind of part is cruising in the conveyor network, and
(2) that when a certain coded number appears on a pallet
that this kind of part is present. This information is passed
through a cable 236 to a bulk memory bank 237. This
bank contains all the information necessary to process
any of a large number of kinds of parts in the system.
It contains information not only as to a preferred or
primary route for the part or workpiece with its pallet to
take through the network; in addition, it contains infor-
mation as to an alternative or secondary route that is
possible if the primary route cannot be taken at any
time. As a matter of fact, every time a workpiece and
pallet approach an intersection, the control must decide
whether or not to allow it to enter the branch conveyor
and this programmed information assists in this decision.
Furthermore, the bulk memory bank contains stored in-
formation as to the operations to be performed by the
various work stations for any opne of a multitude of
parts. Some of this information had previously been de-
veloped in a computer 238 on an off-time basis and fed to
the bulk memory storage through the cable 239. In addi-
tion, the computer has been used to determine the opti-
mum “mix” of parts or workpieces that should be intro-
duced into the manufacturing system in order to assure
that the machine tools are operated at their optimum effi-
ciency.

Now, when the bulk memory storage bank 237 learns
that a certain part is about to cruise through the net-
work, it releases through a cable 241 to a ready access
memory bank 242 all the information on the routing and
machining of the part. This bank is connected by cables
243, 244, and 245 to the numerical control cabinets 228,
231 and 233, respectively. The ready access memory
bank also makes the information on routing available to
first identification readers 39, 246, and 247 through ca-
bles 248, 249, and 251, respectively. Secondary identi-
fication readers 44, 252, and 253 are located in the
branch conveyors 12, 13, and 14, respectively, and are
connected back to the ready access bank 242 by cables
154, 255, and 256. First of all, the secondary reader de-
termines the coded number of the pallet and asks the
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ready access memory bank whether or not the pallet
should be approaching the particular machine tool. Ounce
the presence of the pallet (with its known kind of part)
is determined to be proper, then the bank releases operat-
ing instructions to the numerical control cabinet asso-
ciated with that machine. Just as the pallet stood in a
queue in the branch conveyor ahead of the machine tool,
so are the operating instructions for that particular part
stored in queue in the cabinet.

Referring now to FIG. 20, which is a diagrammatic
representation of the the sub-systems required for con-
trol of a manufacturing system according to the inven-
tion, an off-line computer 238 will be used in the follow-
ing ways: Assist the part programmer in the prepara-
tion of part programs; assist in the development of con-
tingency solutions by means of post processing routines;
and by model simulation assist in the selection of part
numbers to be concurrently produced by the system.
The preferred computer for this off-line work would be
large in capacity and high-speed in performance and
of a digital design. The specific outputs from the com-
puter would be (1) part programs on magnetic tape,
(2) a printout of work station percent utilization as
generated by the model simulation program and used to
assist in selecting part numbers and production quan-
tities to be run concurrently, (3) print out of cutting
tool lists and set up instructions as developed by the
part programmer.

Part program information on magnetic tape will be
inputted to the bulk memory bank 237. The bulk mem-
ory bank 237 will have part program information or-
ganized by part number. The part program information
would include the contingency program solutions should
the preferred module for a particular operation be not
available at the time the part is addressed to the sta-
tion during manufacture. By means of model simulation
programs performed on the off-line digital computer,
a list of part numbers to be manufactured during a
given period of the manufacturing systems application
would be generated. This list of part numbers would
be inputted to the bulk memory bank’s input logic sec-
tion and caused the program information on those part
numbers to be relayed from the memory bank to a
magnetic drum 240 random access storage unit in the
central data source or ready access memory bank 242
of the system. In essence, the bulk memory bank 237
is a library of stored tape, each having a series of one
or more part programs thereon. A suitable input logic
gating means is provided serially between the bulk mem-
ory bank 237 and the drum means 240. At any given
period of system operation, the magnetic drum ran-
dom access memory 240 would contain all the program
instructions for all the part numbers being concurrently
run in the manufacturing system.

In the operation of the manufacturing system, work-
pieces will be mounted in fixtures or on the decks of
pallets and prepared for release into the manufacturing
area (see FIGS. 1 and 3) in the staging area 35. In this
area the surfaces upon which workpieces are mounted
will be automatically positioned at a convenient height
and orientation for a man to load the raw stock into the
fixture. Upon completion of such loading, the workpiece
and its support structure will be automatically elevated
and rolled over and positioned on the main conveyor
system for subsequent movement out into the manufac-
turing floor. Parts mounted within their fixtures or on
pallet decks will queue as they are prepared to leave
the staging area and pass through a release and control
station 31. At this station, the identification of the pallet
or fixture will be automatically read and the identi-
fication of the part number and the total quantity of
parts to be produced in this production run will be intro-
duced manually or by means of a tabulating card 257
generated off-line. The information relative to the identi-
fication of the workpiece or fixture and the part num-
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ber and the quantity of parts to be produced will flow
from the release and control station to the core memory
unit 258 in the central data source area. The primary
function of the release and control station 31 is to corre-
late the identification of the means used to convey the
workpiece with the identification of the workpiece. This
provides a means whereby, as one identifies the pallets
or fixtures as they move through the system, it is pos-
sible through the core memory units to correlate these
two numbers and to know where individual part num-
bers are as they move through the manufacturing sys-
tem. An additional function of the release and control
station 31 is to keep track of the actual number of
part numbers being produced. When a particular work-
piece (part number) is first released through the release
and control station, the number of parts to be pro-
duced in that run will be inputted via the tabulating
card 257 or by manual entry through the panel. As that
same fixture or pallet recycles through the release and
control station, the number of parts produced will be
recorded. When the last part is produced, the system will
automatically inhibit further releasing of that pallet or
fixture until the part number assigned to it has been
changed.

As pallets and fixtures carrying workpieces leave the
staging area through the release and control station, they
move automatically on the main conveyor nework out to-
wards the work stations of the system. Preceding their
arrival at each decision point (a point in the conveyor
network where more than one direction of movement
is possible), the identification of the pallet or fixture
will be automatically read by reading heads. These read-
ing heads are designed to read the identification of the
pallet or workpiece off the flat surface of the pallet
which, at time of manufacturing, has been prepared
with a binary coded arrangement of high reluctance or
non-metallic slugs 52 of material arranged in a prede-
termined pattern representative of the binary coded
number representing the unique identification of that
particular pallet or fixture. The method of detecting the
presence or absence of these slugs of non-metallic mate-
rial is by use of an E coil pick-up detector 259 illustrated
in FIG. 20. The operating principle of the E coil is to
set-up flux paths between the central element of the E
and the outside legs of the E. An alternating current
exciter is applied to the central E coil and two sec-
ondary windings are applied to the outboard legs of
each side of the E respectively. The effectiveness of the
flux path or flux moving in zones A and B is poor when
the flux is passing through air and the output of the
secondaries is extremely low. When it is passing through
the solid metal body of the edge of the pallet or fix-
ture, the output is very high; when the flux path is in
juxtaposition with the dielectric or non-magnetic mate-
rial slug, the flux path efficiency will be very low, al-
most equivalent of when it is passing through air. Ahead
of each reading head is a wiper and, as the pallet ap-
proaches the reading head, the face will be wiped off.
At the time of manufacture, after inserting the non-
magnetic slugs, this face containing the code will have
been machined to be flush and easily cleaned by a
simple wiping action.

As workpieces move around the primary distribution
loop of the conveyor system, as illustrated on the system
roadmap (FIG. 1), their presence in a particular area
of the system is ignored by the central data source 242
until they approach a decision-making point at which
time their identity is automatically read and transmitted
to the core memory unit 258. Upon completion of such
identification, the pallet or fixture is caused to come to
rest until the appropriate instructions are received back
from the core memory unit relative to the proper action
to be performed by a turnstile 41. These turnstiles will
normally be positioned to permit the work to flow through
them without their taking jurisdiction of the work and
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diverting it from the main conveyor distribution path. At

the time of programming, the programmer will have in-
putted the appropriate responses from each turnstile in
the system as the part progresses in its processing from
one station to another. Thence, when the part is being
produced and reaches that turnstile, the appropriate in-
struction to the turnstile is waiting in sequence in the core
memory unit 258 for immediate dispatch to the turnstile.

By the means thus described, it is possible to cause work-
pieces to move to any station in the system and from there
to move to any subsequent station in a controlled se-
quence. The workpieces as they approach a particular
work station will form a queue. The identity of work-
pieces in queue is not maintained by the central data source
(except in the special case of machine modules requiring
a long lead time to prepare themselves for the receipt of
a particular workpiece), i.e., the cluster head tool chang-
ing module, When workpieces in queue have advanced
to the point where they are the next workpiece to move
in for engagement by the machine, their identity is read
by a reading head and appropriate instructions are pre-
pared for release by the core memory unit 258 upon reg-
istration of that fixture at the machine work station. The
release of this information from the core memory unit is
by direct wire to the machine control unit. Information
will flow between the core memory unit and the machine
control unit in bursts of digital data in segments consist-
ing of a block of information (a typical block might con-
sist of 30 lines of information of 8 bit density per line).
The machine control unit will issue instructions to the
tool logic unit (where such is present in the machine)
and to the machine tool itself and will monitor the execu-
tion of such commanded instructions. Upon completion
of a block of information, it will call for the next sequen-
tial block from the core memory unit of the central data
source 242.

Many of the machine tool stations in the manufactur-
ing system will require multiple cutting tools that must
be automatically applied to the various workpieces ad-
dressed to them. The mechanics for bringing about the
automatic application of the variety of cutters needed in
a sequence is as follows:

(1) At the time of programming, each unique cutting
tool, whether it be an individual tool or a cluster head
of tools in a predetermined pattern, is assigned a unique
code number. This number is obtained from a tool cod-
ing manual in which blocks of numbers will be assigned
in a logical manner to the various classes of cutting tools
encompassed by the code system. For example, milling
cutters with the rake angles appear in one block of num-
bers which, in turn, might be broken down by diameter,
by number of teeth, by class of the cutting material,
carbide, high-speed steel, or ceramic, etc. The code num-
ber assigned by the programmer to a particular cutter or
cluster head of cutters includes not only the description
of the cutter itself but a description of the elements re-
quired to adapt it to the spindle of the machine tool. In
the case of a single spindle machine, the system required
to bring about such an adaptation of a typical cutter
might be as follows:

The cutting tool itself, the amount of peneration of the
cutter tool required into the work, the cutting tool holder
which might be a collet or a chuck or a tap holder, the
cutting tool holder adapter usually required to adjust the
axial position of the cutter tip in respect to the spindle
adapter body, and the spindle adapter body designed to
mate with the nose of the spindle of the machine tool.
Since the tool coding manual would be present in the tool
crib where the physical mounting of cutters and their
adapters would be accomplished as well as in the part pro-
gramming office, the tool crib attendant can physically
execute the preparation of the cutters in their holders in
a manner envisioned by the programmer at the time of
programming. As soon as tool holders and cutters have
been brought together and mounted in the manner pre-
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scribed by that tool code number, a tool identification
tag would be prepared on a key punch machine looking
very much like a typewriter would, with the primary dif-
ference being that it would have only ten keys represent-
ing 1 through 9 and a 0. The tool set-up man generates
the tool identification tags by simply striking the keyboard
in a manner representative of the number assigned to the
tool he has prepared. As he strikes the keys, holes would
be punched in a tool identification tag and the number is
printed on the tag and on a tear-off strip. The number on
the tear-off strip is removed from the tag and affixed to
the flange of the tool holder he has just prepared. The tool
identification tags and the preset tool holders and cutting
tools are mounted in a transfer dolly 260 for movement
out to the machine tools (see also FIG. 2). The preset cut-
ting tools are loaded into the tool storage matrix of the
machine and the tool identification tags are fed into the tool
logic unit 261. The tool logic unit relates the identification
of the tool with the storage location in the tool storage
matrix.

The specific method by which preset cutting tools are
introduced into the tool storage matrix of individual ma-
chine tools and the tool identification plates is introduced
into the tool logic units associated with each machine tool
as follows:

(1) The tool storage matrix of each machine is equipped
with a load and unload station at a location and orienta-
tion convenient for a man to handle the placing of tools
in and out of the matrix. Adjacent to this load and unload
station is the means of inhibiting the automatic rotation of
the storage matrix during the performance of load and
unload operations and also the means of incrementally
causing the matrix to move so that the appropriate tool for
removal can be positioned at the station or that empty
pocket to receive the new tool can be brought into the ap-
propriate position.

(2) The preset cutting tools and their holders are
moved up close to the machine in the specially-prepared
dolly 260 which positions the tool conveniently for a
man to remove them and transfer them into the storage
matrix and also protects the registration surface of the
tool holders from dust and other contaminants.

(3) A typical situation would involve the transfer
of, say, fifteen preset cutting tools into a zone of the
storage matrix which has a series of adjacent pockets
of adequate number to accommodate the input of new
tools. In this case, the storage matrix is rotated until the
first pocket in the empty area is brought to the transfer
point. As each pocket arrives at the transfer point, the
identification of the pocket is automatically introduced
into the tool logic unit 261 concurrently with the indi-
vidual tools progressively being loaded into pockets
that are positioned at the transfer point. The tool identifi-
cation plates are fed into a reader 262 associated with
the tool logic unit. The design of this reader in conjunc-
tion with the design of the binary coded identification
plates is such that the plates can be stacked up and
consecutively fed through the reader automatically. This
arrangement provides for the automatic entry of the
appro_priate tool numbers in conjunction with the ap-
propriate storage location in the tool storage matrix
that initially receives each consecutive tool.

Characteristic of multi-station manufacturing systems
in which a variety of different part numbers flow in ran-
dom order to various stations within the system is the
problem of short-term overloading of individual work
stations in the system. The concept and control philosophy
of the manufacturing system of the invention is that
one knows in advance if the long-term load on each
work station in the system is within the capacity of each
station of the system. This long-term load equalization
will be accomplished by system model simulation on
an off-line high-speed digital computer. Therefore, one
has advance assurance that the mission assigned to the
system for any particular time is within the system’s
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capability; however, short-term overloads of particular
work stations will occur cyclically within the execution
of the mission. An ideal manufacturing system would
have the ability to automatically accommodate these
periodically-occurring, short-term overloads so that the
total productivity of the system remains high and the
average utilization of each of the work stations in the
system is high.

The problem of short-term overloads is resolved in
accordance with the invention by providing contingency
solutions that are developed and incorporated in the
part program at the time of initial programming. In the
case of large systems involving many different stations,
it is envisioned that contingency solutions in a series of
echelons would be programmed. For example, if a part
requires a large face to be dressed by a milling cutter,
the preferred solution would be the smallest sized milling
machine capable of generating the required cut with a
single pass at the work. The programmer would set this
up as the preferred solution. Upon completing the instruc-
tions to that particular module, he would proceed to
determine which of the other machines in the system
would be the next most efficient machine to perform the
same operation. This might be a machine of considerably
lighter construction and not capable of driving the cutter
of adequate diameter to produce the cut in one pass.
He would, therefore, as a contingency, assign the part
to be milled by this alternative machine and would assign
an appropriate cutter and would make the required npum-
ber of passes to generate the cut. He would then ask
himself what he would do should the second machine
be not available at the time the part is ready for that
operation and would proceed in this same manner to
develop still another alternative solution. In addition to
these pre-programmed contingency solutions, the system
would follow certain logic disciplines such as if a par-
ticular machine has an excessive queue at the time a
particular part is addressed to it, it might as a first alterna-
tive simply make a cruise around the main conveyor
loop and try again. It might do this once, twice, or three
times at the discretion of the operators in the central
data source and their system control through the display
and control panel. Still other standard solutions might
be to send the part automatically to a holding area for
a designated period of time and then out into the sys-
tem. By the means afore-described, it is possible to
achieve with very little human intervention the auto-
matic bypassing of temporarily overloaded stations and
make use of stations that are available, although less
efficient for the performance of a particular operation.
The automatic utilization of stations with lighter loads
provides multiple benefits in system efficiency. If the
machine were not going to be used anyway, then its
inefficiency in a particular application is no penalty and
by permitting it to perform an operation that would
otherwise have stopped the progression of a particular
lligxrrtl means that the overall system efficiency can remain

igh.

FIG. 21 shows a variation of the layout of the manu-
facturing system described above and best shown in FIG.
1; in this layout, the traffic on the secondary conveyors
goes in one direction only, ie., from one side of the
main conveyor loop to the other. In FIG. 22 is shown
a variation of the system layout in which the secondary
conveyors are arranged in parallel with the main con-
veyor loop. FIG. 23 shows another variation of the lay-
out similar to that shown in FIG. 22, but with the work
stations and secondary conveyors oriented differently.

As has been described above, in the application of the
manufacturing system, the parts are qualified, located,
and clamped on the lower surface of a universal tooling
base or pallet or fixture. The process of qualifying is
accomplished either by foundry techniques or by perform-
ing a machining operation, such as milling a registry sur-
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face or generating a tcoling hole. The lower surface of the
pallet can be configured in optional ways to accommo-
date various requirements, One arrangement would be to
install hardened and ground bushings in a symmetrical
pattern over the surface. These bushings would be located
precisely with respect to a registration system on the
upper surface of the pallet. The lower surface of the
bushings would be located just above the bottom surface
of the deck and would be accurately controlled. At the
bottom of the hole in which the hardened bushings were
inserted would be a tapped hole of smaller diameter. With
this arrangement, the individual bushings and associated
holes could be used precisely to locate in the plane parallel
to the lower surface of the pallet by using risers on the
workpiece which would bear on the top of the bushing.
Fostering could be accomplished by using hold-down bolts
passing through the bushings and engaging the thread at
the bottom of the hole. An alternative design of the lower
surface of the pallet would be to use conventional preci-
sion-located key slots and to accommodate hold-down
with conventional T-slots.

Various levels of controls are compatible with the
manufacturing system that has been described. The high-
est level of system efficiency can be obtained with the
control of the system by means of an on-line time sharing
computer, This computer is supported by a high volume
memory bank which contains all of the part programs for
all of the parts in a currently active status for manufac-
ture by the system. A major advantage of this system is
that it provides real-time communication between the
computer used for part programming and the on-line com-
puter that will be used for control of the entire manufac-
turing process. No complex data translations from com-
puter output to punch cards to punch tape to machine
tape reader will be required. The rapid access memory
bank of the on-line computer will have at any one time
only information pertinent to the manufacturing of parts
currently active in the manufacturing system or network.
The expression “currently active” means that the part
has passed from the staging area through release and
control stations and has not cleared the station that rep-
resents the terminal routing point.

The computer releases machine-controlled information
to each work station (machine tool) in the system on a
“block at a time” basis. At each machine there is a con-
trol system capable of receiving information in short
bursts from the control and remembering such informa-
tion until its functions have been executed. This block-at-
a-time retention capability is inherent in many numerical
control systems presently in use,

Located through the system are reading heads capable
of responding to the coded identification of the pallets, so
that they pick up the identification of the pallets as they
move past the reading heads. As each pallet approaches
the points in its routing that require decisions, a reading
head will advise the computer of the identity of the pallet.
The computer relates the pallet identity to the identity of
the part number carried on the pallet and then releases
programmed instructions. In the case of the workpiece
routing control, the program brings about automatic acti-
vation of the diverting means required to effect delivery
to a work station or any other “address” in the system.

The computer has look ahead capability which is used
in conjunction with contingency programming. Prior to
releasing a pallet to a work station, the computer will
find out if the work station is available to accommodate
the part. The station may be out of operation due to work
overload, cutter change, or breakdown. If the work sta-
tion is not available for any of these reasons, the com-
puter consults the contingency program instructions that
are part of the program for that particular workpiece and
routes the pallet and workpieces to the first alternate work
station. Should that work station also be unavailable, the
routing instructions would be to a second contingency sta-
tion, This latter is envisioned as being a highly-versatile,
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numerically-controlled, tool changing machining center
capable of performing any operations on any of the
parts. Its efficiency would be considerably less than that
of the specialized stations, but its versatility is very high.
It not only provides an efficient means for contingency
machining, but also substantially reduces the complexity
(and, therefore, the cost and failure probability) of each
of the specialized stations in the system.

The ability of the present manufacturing system auto-
matically to accommodate itself to the contingencies de-
scribed above greatly enhances its value. The incorpora-
tion of contingency programming into the programming
for each workpiece is a relatively advantageous operation.
In fact, the programmer in so doing would be repeating
the same operations at a different work station and ad-
justing his machine management decisions to accommo-
date the difference in the two work stations. In all cases,
the preferred routing would represent the most efficient
possible way to manufacture the part with the assort-
ment of machine tools within the system. The first and
second contingency programs represent progressive de-
clines in machinery efficiency. However, the ability of
the system automatically to bring about such decision
making not only provides for an automatic solution to
the normal problems that may be anticipated running
such a system, but also permits much better work station
utilization. For example, let us suppose that the sched-
uled groups of parts in varying quantities for the day
serve to overload the heavy-duty milling station by 10%,
but a lighter-duty milling station had only a 20% load
upon it. The day’s production requirements would be met
automatically by our system because, as the actual over-
load situation occurred, the heavy-duty milling station
parts would automatically be diverted and would pass to
the less efficient station that has low utilization for the
day. The total system here has the ability to make such
adjustments completely automatically and with a simple
logic compatible with high total system reliability.

Implicit in this concept of automatic manufacturing is
a means for effecting automatic routing of workpieces
from work station to work station. Presently available
automatic conveying means are used with relative minor
modifications. Proceeding each decision point in the rout-
ing is provided means for automatically reading the iden-
tification of the pallets. Incorporated into such reading
stations are means for simply wiping off the surface of
the pallet containing the code prior to the reading opera-
tion. Since it is envisioned that this surface is a flat ma-
chined plane, such wiping can be accomplished simply and
reliably. After identification and processing of the pallet
identification code by the computer, the computer issues
instructions that effect switching of the conveyor to bring
about the desired routing. The universal pallets fall into
queue at each of the stations to which they are addressed.
The identification of the next universal tooling pallet to
be registered at a particular machine station is read just
prior to its being activated at the machine. When a pallet
leaves a station and the next one registers in at the ma-
chine, the control unit already has the first program in-
structions in its memory and would cause the machine
to proceed to execute the machining operations as soon
as pallet registration has been effected. After the pallet
has delivered the workpiece to all required work stations
and all machining and inspecting operations have been
performed, the conveyor system delivers the part to a dis-
tribution network where automatic routing to the terminal
Jocation is accomplished. Terminal points for machine
parts might be stockrooms, assembly areas, or a shipping
room. Unclamping and freeing of parts from their pallets
is accomplished at the head of the distribution network
or at the terminal points. In either event, the pallets hav-
ing been relieved of their parts, they are returned to the
staging area by return line conveyors. Thus, routing from
point of origin (foundry or receiving area) to point of use
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has been effected automatically and the device that sup-
ported the workpieces has been returned for reuse.

One of the philosophies behind the development of
each of the work station elements is, first, that they are
to be highly efficient from a metal cutting or process
point of view. At some of the modules, this efficiency
will exceed that which is normally obtained on fully auto-
mated transfer lines. The reason for this is that in a trans-
fer line each station is time locked to every other station
and there is, therefore, no requirement for a particular
station to perform its work in a minimum time. Another
major objective in the development of the work stations
is that they must be capable of accommodating a very
wide variety of workpieces. Thus, the twin objectives of
high process efficiency and application versatility is basic
to the philosophy of the present invention. Still another
objective in the development of the work stations is that
they have as much commonalty with one to the other as
can be achieved without sacrificing the more significant
objectives described above. The commonalty, for example,
will be applied to the design of the entire base sections
and the pallets with their associated movement and regis-
tration. It is envisioned that these base sections can be
identical for most of the work stations in the system.

Each of the work stations is under the control of a
numerical control unit located adjacent to or built into
the module. This control unit is somewhat different in
function and appearance to those in use today. The first
difference is that there is no tape reader, since information
is received from a central on-line time sharing computer.
The second difference is the total absence of operator
oriented manual inputs and displays. Since the work sta-
tions will operate without requiring a man to be present,
and since the operation is entirely automatic, the require-
ment for such features is non-existent. Each control unit is
capable of receiving program instructions from the cen-
tral computer on a block-at-a-time basis. Information
receipt will be compatible with computer output rates. In
the preferred embodiment, the bit capacity of this mem-
ory unit is in the order of 320 bits maximum (40 lines on
8-channel tape). The principle of “canned cycles” will be
applied where an unvarying re-occurring event sequence
is compatible with the function of the work station. For
example, on the milling station the canned cycle will
automatically bring about Z-axis retraction upon comple-
tion of the milling pass and the rapid traverse return of
the carrier to the start position required for the next cut-
ting operation. As soon as stored instructions in the con-
trol have been dumped from the memory bank, the com-
puter is notified and a new block of information is de-
livered.

Some of the features of the present invention are as
follows:

(1) The arrangement is provided for limiting the in-
telligence that must accompany the workpiece throughout
the system to the identity of the work conveying means
(pallet). A one, two, or three digit code (depending on
system size at a particular installation) is built into the
pallet at the time of its manufacture. This suffices to
identify to the on-line computer the part that is currently
mounted on the pallet and moving through the manufac-
turing system.

(2) Means is provided for identifying the pallet by
means of a code built into it at the time of manufacture.
This code is relatively indestructible and is capable of sur-
viving in the “hostile” environment of the manufacturing
system. Such identification means is insensitive to oil, dirt,
chips, vibration, shock, and is so installed within the pallet
surface that simple automatic wiping techniques prior to
passing the surface in front of the reading heads are ade-
quate preparation for reading.

(3) A system is provided for reading the coded identity
of the pallets that requires no physical contact with the
pallet, has no moving elements, and is extremely rugged
and reliable.
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(4) A “release and control station” is provided that
automatically relates the identity of the pallet with the
identity of the workpiece mounted thereon and relays such
information to the on-line computer. This station also
relays “staging” information to those work stations in the
system so requiring. The part identification and “staging”
information (along with a wide variety of other intelli-
gence required for system operation and associated dis-
plays) is imputed by means of a tabulating card. The
tabulating card reader is installed in such a way that at the
time of reading the pallet identification the intelligence
on the tabulating card also would be read. This tabulating
card will constitute the authorization to make the par-
ticular part mounted on the pallet.

(5) Means is provided for automatic routing control
by means of identification of the pallet by reading heads
located throughout the system and the on-line computer
linked with reading heads and the associated conveyor
switching means.

(6) Automatic queueing is accomplished by having the
propulsion system of the conveyor simply moving the
pallets toward their addressed stations,

(7) The system provides for queue length determination
that will permit the entire system to function automatically
and to ignore queue length until it becomes excessive.
Each work station has a predetermined maximum queue
length and a detector that automatically signals the on-line
computer should the queue length exceed that predeter-
mined maximum, Such a signal to the computer triggers
the diverting of work around that work station until the
queue length again becomes acceptable., This automatic
ability to accommodate temporary overload of the work
station by means of the queue length detector and con-
tingency programming in the computer will substantially
enhance the overall value of the system.

(8) A system is provided of block-at-a-time release of
information to control units located at each machine tool.
The control units at the work stations have relatively low-
volume, high-speed memory capability suitable for receiv-
ing short bursts of information comprising density of
some 320 bits maximum. Such information is received at
the rate compatible with the computer’s output. The con-
trol units are stripped of displays and manual input de-
vices. The control units are equipped with “canned cycle”
capability, however, the specialized nature of the stations
limits the number of “canned cycles” required.

(9) The system also provides for cluster head module
build-up, high density storage, ready access storage, and
automatic exchange at a machine tool. The principle is
used of high density storage and its inter-relationship to
the release control station that permits removal of desired
cluster heads from the high density storage matrix prior
to the arrival of the part requiring that head at the cluster
head drill station. :

(10) A specialized versatile horizontal boring mill is
provided equipped with two spindle carriers with a nu-
Ln_;:_rically controlled variable centerline-to-centerline capa-

ility.

‘(11) The system uses a computer program to be run
on a computer other than the on-line controlling computer
that would be used to plan the production missions for
the system. The concept here is that the program proc-
esses the work load on each of the modules that is gen-
erated by a production run of part types in quantities
dictated by scheduled requirements. The computer identi-
fies any work station overloaded by such a run, and
identifies any available leftover capacity on any of the
work stations. It then determines what workpieces (in
the form of spare parts, service parts, experimental work,
or advance release of normal production work) would
constitute a good “fill-in” load. The fact that the system
is capable of making contingency routing changes auto-
matically permits short term overload of work stations
with no efficiency penalty in terms of total system pro-
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tem’s production capability and greatly simplifies the task
of planning the particular mix of parts that will constitute
the planned mission for the system for a given period of
operation.

In the practice of the invention, there is no requirement
that the work pass through stations not required for
processing. Work can be automatically delivered from one
station to any other station in the system in any sequence
ordering.

The inventive system differs radically from the present
method which is referred to as “batch manufacturing” in
which a “batch” of identical parts are processed across
each of the stations in group formation. By providing a
system that can accommodate the parts in random se-
quence, a major reduction in the investment required for
production tooling may be obtained.

It can be seen from the above, then, that the present
invention provides many advantages. In the case of manu-
facturing machind parts, high metal cutting efficiency has
hitherto been available in an automatic manufacturing
system only at the sacrifice of system versatility. Manu-
facturing systems with good versatility have been usually
relatively inefficient from a metal cutting point of view;
this has been especially true of numerically-controlled
machining centers. This invention provides a means for
obtaining very high application versatility. A basic prin-
ciple of this invention is to use work stations (that may
be machine tools) that are conceived around extremely
high process specialization and efficiency and provide a
means of automatically applying such stations to a wide
variety of workpieces.

The invention having been thus described, what is
claimed as new and desired to secure by Letters Patent is:

1. A manufacturing system, comprising

‘(a) a plurality of machine tools,

(b) a conveyor extending between the machine tools,

(c) a pallet movable along the conveyor, the pallet
having a horizontal downwardly-facing surface to
which can be attached a workpiece extending down-
wardly therefrom, the conveyor being provided with
a staging area portion in which the pallet is pre-
sented with the said surface facing upwardly for the
attachment of the workpiece thereto, and

(d) apparatus forming part of the staging area portion
for rotating the pallet and workpiece through 180
degrees for subsequent movement along the con-
veyor from one machine tool to another.

2. A machine system as recited in claim 1, whercin
identification means is associated with each pallet, and
wherein identification stations are provided at key points
along the conveyor for reading the said identification
means.

3. A manufacturing system, comprising

(a) a plurality of machine tools,

(b) a conveyor extending between the machine tools
for presenting workpieces to the machine tools,

(c) a connector extending on occasion between a ma-
chine tool and a workpiece to lock the workpiece
in an accurate, predetermined position relative to the
machine tool, the connector including a circular ar-
ray of radial teeth located on the machine tool and
a similar circular array of radial teeth associated
with the workpiece,

(d) means for bringing about relative movement be-
tween the circular arrays to bring them in and out
of locking engagement, and

(e) means is provided to bring about a selected rotary
indexgng movement between the circular arrays on
occasion,

4. In a manufacturing system, a machine tool, com-

prising

(a) a housing including a rotatable spindle and drive
means therefor,

(b) a device to be attached to a portion of the hous-
ing in precise geometric relationship to the spindle
axis for assisting in a machining operation, and
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(c¢) a connection for joining the device and housing
consisting of a circular array of complementary teeth
associated with the housing and a similar array of
complementary teeth associated with the device and
further consisting of a clamp for holding the device
and housing together with the teeth of the arrays in
meshing relationship, each tooth of one array mesh-
ing with at least one tooth of the other array at all
times during such meshing relationship, these arrays
being the sole locating means in the connection.

5. In a manufacturing system, a machine tool as recited
in claim 4, wherein the device is an index table and the
said portion of the housing is a surface lying at a right
angle to the axis of the spindle.
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RESEARCH SERVICES IN THE DESIGN, PRODUCTION, INSTALLATION,
TRAINING, OPERATION, CERTIFICATION, MAINTENANCE, REMOTE-
DIAGNOSIS, REPAIR, RETRO-FIT, REBUILD AND FIELD-SERVICE OF
INDUSTRIAL EQUIPMENT, MACHINERY, MACHINE TOOLS AND COMPOSITES
MACHINERY, AND OF COMPUTER SYSTEMS CONTROLLING THE
AFOREMENTIONED GOODS. FIRST USE: 20000320. FIRST USE IN
COMMERCE: 20000320



Mark Drawing

Code

(1) TYPED DRAWING

Serial Number 76114870

Filing Date

August 21, 2000

Current Filing 1A

Basis

Original Filing 1A

Basis
Published for
Opposition
Registration
Number

Registration
Date

Owner

Assignment
Recorded

Attorney of
Record

Prior
Registrations

Disclaimer

Type of Mark
Register

Live/Dead
Indicator

December 17, 2002
2694520

March 11, 2003

(REGISTRANT) UNOVA INDUSTRIAL AUTOMATION SYSTEMS, INC.
CORPORATION DELAWARE 4701 Marburg Avenue Cincinnati OHIO 45209

(LAST LISTED OWNER) CINCINNATI MACHINE, LLC LTD LIAB CO DELAWARE
60 EAST 42ND STREET NEW YORK NEW YORK 10165

ASSIGNMENT RECORDED
Daniel C. Stelter

0792894,0897532

NO CLAIM IS MADE TO THE EXCLUSIVE RIGHT TO USE "CINCINNATI" APART
FROM THE MARK AS SHOWN

SERVICE MARK
PRINCIPAL

LIVE
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i TARR Status

CINCINNATI

Word Mark CINCINNATI

Goods and IC 007. US 013 019 021 023 031 034 035. G & S: MACHINES AND MACHINE

Services TOOLS, NAMELY, COMPOSITE TAPE LAYING MACHINES, COMPOSITE
FIBER PLACEMENT MACHINES, MILLING MACHINES, MACHINING CENTERS
AND TURNING CENTERS. FIRST USE: 19981200. FIRST USE IN COMMERCE:
19981200

g‘gg‘;"'awi"g (3) DESIGN PLUS WORDS, LETTERS, AND/OR NUMBERS

Design Search 26.11.02 - Plain single line rectangles; Rectangles (single line)

Code 26.11.08 - Rectangles comprised of letters, numerals or punctuation and letters,
numerals or punctuation forming the perimeter of a rectangle or bordering the
perimeter of a rectangle.

26.11.13 - Rectangles (exactly two rectangles); Two rectangles
26.11.21 - Rectangles that are completely or partially shaded

Serial Number 75936574
Filing Date March 6, 2000

Current Filing 1A
Basis
Original Filing
Basis
Published for

1A



Opposition
Registration
Number

Registration
Date

October 9, 2001
2524243

January 1, 2002

Owner (REGISTRANT) UNOVA INDUSTRIAL AUTOMATION SYSTEMS, INC.
CORPORATION DELAWARE 4701 Marburg Avenue Cincinnati OHIO 45209
(LAST LISTED OWNER) CINCINNATI MACHINE, LLC LTD LIAB CO DELAWARE
60 EAST 42ND STREET NEW YORK NEW YORK 10165

psignment  ASSIGNMENT RECORDED

Q‘e‘g’r‘j" °f  Brian L. Ribando

Prior

Registrations 0792894

Type of Mark TRADEMARK

Register PRINCIPAL-2(F)

Affidavit Text SECT 15. SECT 8 (6-YR).

Live/Dead

Indicator LIVE
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CINCINNATI

Word Mark CINCINNATI

Goods and IC 007. US 013 019 021 023 031 034 035. G & S: MACHINES AND MACHINE

Services TOOLS, NAMELY, COMPOSITE TAPE LAYING MACHINES, COMPOSITE
FIBER PLACEMENT MACHINES, MILLING MACHINES, MACHINING CENTERS
AND TURNING CENTERS. FIRST USE: 19981200. FIRST USE IN COMMERCE:
19981200

:‘:"ga'; Drawing ) \woRDS, LETTERS, AND/OR NUMBERS IN STYLIZED FORM

Serial Number 75936203
Filing Date March 6, 2000
Current Filing

Basis 1A

(B):glsnal Filing 1A

S‘Sﬁss?:?g.f °" September 25, 2001
53%’:?“0" 2519416

Registration

Date December 18, 2001



Owner

Assignment
Recorded

Attorney of
Record

Prior
Registrations

Type of Mark
Register
Affidavit Text

Live/Dead
Indicator

(REGISTRANT) UNOVA INDUSTRIAL AUTOMATION SYSTEMS, INC.
CORPORATION DELAWARE 4701 Marburg Avenue Cincinnati OHIO 45209

(LAST LISTED OWNER) CINCINNATI MACHINE, LLC LTD LIAB CO DELAWARE
60 EAST 42ND STREET NEW YORK NEW YORK 10165

ASSIGNMENT RECORDED
Brian L. Ribando

0792894

TRADEMARK
PRINCIPAL
SECT 15. SECT 8 (6-YR).

LIVE

TESS Home ] REW USER B STRUCTURED BFrEE Formll Browse bicy
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Word Mark CINCINNATI

Goods and IC 001 009 010. US 026. G & S: NUMERICAL CONTROL EQUIPMENT FOR

Services MACHINE TOOLS-NAMELY, MILLING MACHINES, GRINDING MACHINES,
DRILLS, LATHES, BROACHES, [TUBE-FLARING MACHINES], [FLAME-CUTTING
MACHINES], [RIVETING MACHINES AND TERMINAL [ -WIREWRAPPING ]
MACHINES]. FIRST USE: 19630100. FIRST USE IN COMMERCE: 19630100

Mark Drawing
Code (1) TYPED DRAWING

Serial Number 72305313
Filing Date August 16, 1968

Current Filing 1A
Basis

Original Filing
Basis
Registration
Number

Registration
Date August 25, 1970

Owner (REGISTRANT) CINCINNATI MILACRON INC. CORPORATION OHIO 4701
MARBURG AVE. CINCINNATI OHIO 45209

1A

0897352

(LAST LISTED OWNER) CINCINNATI MACHINE, LLC LTD LIAB CO DELAWARE
60 EAST 42ND STREET NEW YORK NEW YORK 10165

Assignment
Recorded ASSIGNMENT RECORDED



Prior ) .
Registrations 0612130;0792897;AND OTHERS

Type of Mark TRADEMARK

Register PRINCIPAL

Affidavit Text SECT 15. SECTION 8(10-YR) 20010530.
Renewal 2ND RENEWAL 20010530

Live/Dead

Indicator LIVE
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ASSIGH Status

Typed Drawing

Word Mark CINCINNATI

Goods and IC 007. US 023. G & S: LATHES. FIRST USE: 19550000. FIRST USE IN
Services COMMERCE: 19550000

Mark Drawing

Code (1) TYPED DRAWING

Serial Number 72200328

Filing Date August 21, 1964

Current Filing

Basis 1A

Original Filing 1A

Basis

Registration

Number 0792894

Registration Date July 20, 1965

Owner (REGISTRANT) CINCINNATI MILLING MACHINE CO., THE CORPORATION

OHIO 4701 MARBURG AVENUE CINCINNATI OHIO

(LAST LISTED OWNER) CINCINNATI MACHINE, LLC LTD LIAB CO
DELAWARE 60 EAST 42ND STREET NEW YORK NEW YORK 10165

Assignment

Recorded ASSIGNMENT RECORDED
Attorney of , ,

Record Brian L. Ribando

Prior 0612130

Registrations



Type of Mark TRADEMARK

Register PRINCIPAL-2(F)

Affidavit Text SECT 15. SECTION 8(10-YR) 20050830.

Renewal 2ND RENEWAL 20050830

Live/Dead

Indicator LIVE
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