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Managing transfer-line tooling

The Termoli plant of Fiat uses a computerized tool-management
system to preset and track tools for the engine-machining lines

By Fred Mason

ting-tool technical errors or logisti-

cal mismanagement in more than
four years of producing 2-million four-
cylinder automobile engines is a signifi-
cant achievement. Or, stated another way,
the on-time delivery every day
of the right tool to the right ma-
chine when running 5000-6000
different cutting-tool assemblies
on scores of machine tools on *
five automotive-engine-machin-
ing lines is quite an achieve- '
ment. These are the contribu-
tions of a computerized tool-
presetting and -management sys-
tem fo the smooth running of
Fiat’s Termoli 3 engine plant.

Other contributions from the ®
centralized toolroom and its com- {8
puterized tool-management sys-
tem include lower tooling inven-
tories and overall costs, though
Fiat won't reveal the figures on
these improvements.

Termoli 3 was built by Fiat at
an investment of $300-million =%
to machine and assemble domes-
tic and international versions of
the four-cylinder 1000-cc FIRE
engine and one model of a 750-
cc engine. Standing for Fully Inte- |
grated Robotized Engine, FIRE ¥
describes the high level of auto- |
mation in the plant, with the new-
est automation technology in the
area of engine assembly. With
930 people on the engine-pro-
duction lines, Fiat says, the plant

EL].MLNATII\IG DOWNTIME due to cut-

That capacity was originally designed
to be 2100 engines/day, but, Fiat manag-
ers say, the plant is producing 2800/day
at this point and is slated to average 3000/
day by the latter half of 1989. The plant,
in mid-southern Italy, was tooled up dur-
ing 1984, largely with systems from the
prime contractor, Comau, which is 80%
owned by Fiat.

TN

i )

All the main components are
machined on five parallel ma-
chining lines and in one auxil-
iary machining area, including
cylinder blocks, light alloy cyl-
inder heads, intake and exhaust
manifolds, drive shafts and con-
necting rods, camshafts and tim-
ing system components. In the
machining area are 53 transfer
machines, nine automatic
lathes, 24 automatic grinders,
19 other machine tools, and 14
automatically controlled ma-
chines, as well as 19 washing
machines. The processing equip-
ment on the machining lines are
all servomotor-driven. In-proc-
ess quality control and auto-
mated materials handling are
used throughout the machining
and assembly lines.

The cylinder-head line is typi-

employs only a few more than Operator at Termoli 3 centralized toolroom presets shank tools, such  cal of the machining in the
half the number of workers of a as drills and reamers, to exact length on one of five Speroni presetters plant Here 13 transfer ma-

B : R linked to Digital Equipment Corp PDP/11-73 toolroom computer. When . .
traditionally built engine line of ; . : : chines carry out 142 operations
its capacity. the tool rack code is entered, the terminal displays a drawing of the with 323 cutting-tool assem-

tool assembly, a list of the tool components, and the length to which > &

the tool should be set. Preset tools go in the tool pallets, in foreground, !3['35- Numerous in-process qual-
; L for transport to five engine-machining lines, which produce Fiat four- ity checks are supplemented by
AM Associate Editor Mason has cylinder 1000-cc FIRE engine with overhead camshaft and light-alloy @ programmable automatic
written and lectured on computer- cylinder head (above right). Two-million engines have been machined gage at the end of the line,
ized tool management since 1986  without downtime due to incorrect tools or unavailable cutting tools  which performs 84 checks on
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Managing transfer-line tooling

all cylinder-head faces of a certain propor-
tion of the components and provides a
printout of measurements in just a few
seconds.

The high level of automation is sup-
ported by monitoring, diagnostics, and con-
trol systems to fully utilize the large in-
vestment. Both local and central monitor-
ing systems work to minimize downtime.
Automatic tool replacement was added to
selected heavy-duty metalcutting opera-
tions. The computerized tool-management
system and the custom-engineered plant
toolroom were considered an investment
in providing the right tool to the right
machining station at the right time, thus
reducing system downtime and contribui-
ing to a smooth operation.

Because of research on production and
tooling costs done back in 1975, Fiat manu-
facturing management was aware that
about one-third of the cost of the machin-
ing process on a transfer line was from
the cutting tools. The other two thirds
were equally divided between capital costs
of the machines and labor cost, according
to James Scott Rhodes, currently with ITP
Boston (Cambridge, Mass), who was in-
volved in that research.

The one-third of the machining cost
attributable to tools was broken down, in
the 1975 study, into the cost of new tools,
the cost of tool refurbishment including
regrinding, and the cost of the station
downtime required to change tools. There
was no place in the study to track the cost
of not having the tools available at the
machining station when they were re-
quired. A 1979 study, with more-sophisti-
cated monitoring and data collection, fur-

Preset cutting tools in their tool pallets are transparted between toolroom and engine-

ther developed the data on tool-wear, break-
age, tool-change, and tool-refurbishment
costs. In any case, Fiat management, par-
tially as a result of these earlier studies,
was highly aware of the importance of
cutting tools in the overall cost picture
when Termoli 3 was planned.

Specification and installation

The tool-management system was de-
veloped directly by Speroni (Pavia, Italy)
for Fiat and was not, unlike most of the
rest of the plant, coordinated for Fiat by
Comau, the main equipment supplier. Sper-
oni was selected on the basis of Fiat’s
previous experience with it. The tool-
management system had to meet Fiat’s
requirement that tools be assembled and
delivered to the machining lines on an
“as-required”” basis.

There were discussions over four
months to develop the system plan and
the software specifications. A centralized
toolroom was decided on to give maxi-
mum control over the tool inventory and
eliminate the problems of tracking distrib-
uted local tool inventories at different ma-
chining lines or machining stations. Fiat
considered it important to lower the stock
level of tooling; a centralized toolroom
was seen as essential to achieve this goal.

One problem with the local tool storage
found in many auto plants was typically
that, because the location of the inventory
was unknown—there might be 100 of a
certain cutter at location A but none at B
or C or D or in storage—a station or a
whole line went down for want of tools.
This problem has ceased to exist at Ter-
moli 3. It was further decided that the

machining lines by motorized carts built to carry tool pallets

a3

toolroom computer system would be an
“island,” not connected to other plant-
wide computer systems.

After the software was developed to
specification, Speroni Systems Engineer
Walter Ferrari spent another four months
at the Termoli plant. During this period,
he modified the software to more closely
correspond with actual toolroom practice,
eliminating some features and adding oth-
ers. He also trained Nicola Barone, the
Fiat toolroom manager, and the other tool-
room personnel on the system.

Training the toolroom manager was
done part-time over two weeks. Training
the individual operators of presetting equip-
ment on the new computer system and
software took less than an hour apiece.
Finally, he completed the documentation,
which is primarily a compact, functional
40-page user/training manual.

Toolroom functions

The centralized toolroom, with a total
staff of 18 for all three shifts, performs the
following functions for the plant:

m Disassembles tools coming from the
machining lines.

= Assembles replacement tools. About
95% of the time, this procedure consists
simply of putting a new cutter in the same
holder.

m Efficiently presets tools to exact di-
mensions: drills and other shank tools to
exact lengths and milling cutters to a speci-
fied total indicator runout (TIR).

m Ultrasonically washes returned and
new tools.

® Maintains toolroom cutter and com-
ponent inventory.

® Maintains tool files on toolroom com-
puter.

m Prints out report of components/
cutters to purchase.

m Tracks cutters from the toolroom to
the tool-resharpening site in another build-
ing—and the return of resharpened tools
to the toolroom inventory.

m Stores pallets of tool holders, which
are transported by cart to and from the
machining lines.

The toolroom computer hardware con-
sists primarily of a Digital Equipment
Corp PDP 11-73 computer with ten video
terminals. Five terminals are linked to pre-
setters for shank-type tools, three are
linked to assembly/disassembly of other
tools, one is linked to presetting of face
mills, and one is the toolroom manager’s
control unit.

The operation of the toolroom is not,
however, dependent on the computer.
Should the computer go down, presetting
operations can continue, but the data re-
quired to preset tools are no longer sup-
plied by the computer but from locally
resident data, and the presetting units must
also temporarily maintain updates of the
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Ultrasonic Storage
tool | cabinets |
| for - | 5model STP5.6 ATA
toolholder, | | Speroni computerized
cutter,and | | presetting gages linked to
component | | 5 DEC computer terminals
inventory |

presetting gages and
one Speroni computerized
presetting gage and DEC
terminal
/ - el S NP
.| Toolroom computer.
management
station with
' | DECPDP 11-73,
| terminal, and printer

theoretical dimensions to which each tool

TOOLS BOX.: [51 | was preset,
TOOLM.. ..: » 1/3 -  TOOL CODE,: 501 t Toolroom activity
BEAK Washing is the first operation for all
130821417 |REAMER tools returned to the toolroom from the
2 :;;::"{5'5?:9 Ehskm %5 transfer lines. It precedes disassembly.
4|1/37500/20 | SCREWS Washing is again the last operation for all
515/77183/20 |PLATE newly reassembled and preset tools before
5 they are loaded onto the storage racks,
k . s from which they will be taken and driven
NEW. ..:-12 * RESHARPED:-54 % by cart back to the transfer line.
MIN.L.:- 6.3200: l‘JRMlER...:-MS —] E g Because the same tools are used con-
:‘é:;'_cg'fﬂ:grg%msm ey, ol o stantly, assembly/disassembly of tool as-
IS NEW COMPONENT RESHARPED. (Y/N):-Y* semblies usually requires only that the
. _ : i g cutter be changed. In this, the transfer-line
REPLACEMENT OTHER COMPON.  (Y/HN): Y- I environment is quite different from an

FMS environment. The operator in a disas-
sembly operation must answer ‘‘yes” or
“no” to the on-screen question: “Will
the cutter go to resharpening?”’ In an as-

: sembly operation, he or she must indicate
To0LS BOX.: [51 ] 1 whether the cutter “‘is new or one that has
been resharpened.” The answers to these

=

Screen for tool assembly shows components list and inventory

TOOLM.....: * 1/3 ¢  TOOL CODE.:*501: questions serve to properly update the tool-
REAMING, i room inventory.

Presetting of drills, reamers, boring
bars, and other shank tools is performed
at the five computer-linked Speroni Model
STP5.6 ATA presetting gages. These are two-
axis automatic gages with an automati-
cally rotated tool-adaptor table. The table
accepts six different tool-holder sizes or
types. A few keystrokes, indicating the
tool-rack code, call up the list of tool
2 i s components and the tool drawing.
RORSTAMCH FRESAILING: 5.8 (i Presetting of face-mill cutters, which
are quite heavy, is still performed primar-
ily at standalone presetters.

Q.R.

1/1 THEORETICAL TOLLER.

b 0.5954 0. 000

~n

T

z 6. 7427 0, 000

Screen for tool presetting shows required length, diameter
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waiting at the machine for the next tool change

Tool resharpening is done in another
building, in Termoli Plant 1. The reshar-
pening service needs to process batches
of tools in fixed amounts, such as 15 or
30 of a certain drill size, to minimize the
time spent on setups and to maintain an
orderly flow of work. To comply with
this, the tools are batched in the toolroom
and sent in appropriate batch sizes twice
a day to the resharpening service.

Computer displays are used to record
the batching as well as to track the flow
of these batches of tools between the tool-
room and regrinding. The minimum
length of drills, reamers, etc, is also re-
corded in this file; any returning to the
toolroom shorter than this minimum are
scrapped or returned to central stores, from
where they may go to operations in other
buildings. Tools that come back from
resharpening also go through the ultra-
sonic washing unit before being stored or
used in new preset tool assemblies.

Tool purchasing is handled not by the
toolroom but by the central stores depart-
ment. Central stores has its own minimum-
reorder point for cutters and components,
separate from that used in the toolroom.
The tool-management software in the tool-
room does maintain files of tools ordered
from central stores.

Tool storage takes up remarkably little
space in the plant, considering that the
one centralized toolroom serves the entire
plant. There are lots of tool cabinets for
cutters and components, but the inventory
on hand appears remarkably modest com-
pared with what can be found in plants
with distributed toolrooms managed on
the “‘just-in-case™ basis. Fiat has made a
major effort to develop ““just-in-time”’ in-

46

More than 1000 coded tool pallets carry more than 5000 different
preset cutting-tool assemblies. Codes indicate transfer line, machining
operation, workstation, and other data. These newly preset tools are

#

Drilling operation on cylinder-head-machining line is stopped for
scheduled tool change. Efficient handling of tools contributes to output
of 137 cylinder heads per hour, with 323 cutting-tool assemblies used

on 13 transfer machines

ventory practices, and the result shows in
the Termoli toolroom. There are only a
very few scattered backup tools stored on
the machining lines for **just-in-case’’ tool
breakage.

Tools on the machining lines

Preset tools are transported to the ma-
chining lines by motorized cart. The carts
carry the tools on pallets with from one to
12 positions. With the exception of about
ten extremely large boring bars, all the
cutting tools in the plant are transported
to and from the toolroom for disassembly,
reassembly, and presetting. Each pallet car-
ries a plate indicating the transfer line,
machining operation, workstation, tool
code, and pallet code.

The plant’s 5000-6000 tools travel on
more than 1000 such pallets. Pallets are
also coded to indicate whether the tools
are for engine type A, B, or C. Tools for all
three models are on the line at all times
so that any of the three models made can
be machined at almost any time.

Speroni provided an initial tool and com-
ponents database, including 1500 tool as-
semblies, when the system was installed.
The supplier trained Fiat staff members
to update and build the database, which
today covers virtually all cutters used on
the transfer lines.

Transfer-line workers are able to ex-
change the right tool into the right spindle
by following the codes on the pallets.
Each transfer-line machine has two racks
side by side—one on the left for new
preset tools and one on the right for tools
removed from the machine and ready to
go back to the toolroom to be disassem-
bled and preset once again.

The known tool life of each tool is
stored at monitoring stations on each sec-
tion of the transfer lines. Twenty or 30
pieces before the end of the life of the
tool, a warning light goes on so that the
operator can get ready for the tool change.
All the tools in one pallet have the same
tool life.

Once the tools are exchanged, the op-
erator punches in the code for recording
the tool change. The control resets the
tool-life counter to zero for those tools
just replaced. After a tool change, one of
the first pieces to be machined at that
station is sent off-line to a checking sta-
tion to verify the correctness of the new
tools.

The latest enhancements

Fiat was sufficiently pleased with the
performance of this tool-management sys-
tem that it ordered another one for its
Sulmona plant, which produces commer-
cial vehicles, such as trucks, vans, and
buses. That software is being installed at
this time and includes a number of en-
hancements, says Walter Ferrari.

One of the major enhancements in the
Speroni software is insert optimization.
The software will now inform a presetting-
gage operator working on a multistep,
multi-insert boring bar, for example,
which inserts are to indexed. which are to
be replaced, and which (by omission) are
not to be handled on this pass through the
toolroom. Thus, inserts with different tool
lives because of different shapes or differ-
ent positions on the boring bar can still be
utilized to the maximum, instead of being
indexed or changed when others on a cut-
ter may need it. ®

AMERICAN MACHINIST, February 1989





