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Abstract

Due to the increasingly large investrents requested for tooling and
equipment, the cold forging technology reeps its levels of competitiveness
on the condition that a deep exploitation of the tooling systems is actJieved
and forging machines are kept in operation as much of time as possible.

'. -.' .... ' . . "" . .' •. .

The purpose of this research work is to evaluate the importance of the
service life of components in the toolinq . systems with respect to
production costs. Alternative tool maintenance and replacement policies
are presented and discussed together with the techniques for their
.simulation and evaluation. The effects of the implementation of preventive
maintenance strategies extended toj the overall tooling system are
highlighted in terms of equipment downtime and manufacturing costs.
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1. Introduction

.. The growing level of complexity (n cold fC;lrgedparts together with the request
for shorter delivery times represent two main factors that companies face with .

. . In response to these, major efforts were focused in recent years on a continuos
improvement of manufacturing quality and increasing productivity, keeping
production costs at relatively low levels.

Because of their intermediate position between the product and the forging
machine, tool elements must be p,roperlYi designed and manufactured with a
view to guaranteeing that the machines' capabilities are fully exploited and that
the potential levels of productivity and quality are attained [1].

In cold forging tooling costs usually a~count for 10 to 40% of the total
manufacturing costs and investment analyses revealed a constant growth in
the levels of capitals tied up in tools, Costs for the first tooling system to
produce a new forged part are usually deterrnined by:

I
I• tool material cost and

• labour content for tool fabrication,



the latter contribution including man hours for machining, grinding and
polishing [2]. However, tooling costs are to be considered not only in terms of
initial cost for the manufacturing of the first tooling system, but also as costs for
tool maintenance and replacement.

The focus of thisworkis on the" effects of tool campori"ents TiTe"on~produ-aion~:-:-:~"-':":~~~~~="::::'-:-":
costs and their evaluation. The first part or the paper is mainly concerned with
methodological aspects of the problem'iwhereas the second part presents
some results. Alternative tool maintenancr and replacement policies, together
with their effects on production costs are discussed, as well. '
The study is based on data from machine-tool manufacturers and the
toolmaking department of a forging compafY'

2. Maintenance Costs and Policies I
i

2.1. Tool Life and Maintenance Costs

Different causes such as wear, fracture, surface welding and plastic
deformation can lead to the malfunction orbreak down of tool components.
If compared with the production volumes, these tools haverather short service
lives, this term referring to" the number of' identical subsequent forming
operations that can be processed by a sinble tool (or tooling system), ensuring
at the same time the required product qu~lity: Further, it is known that there is
enormous scatter of tool lives for the sa1e tool design and tool layout [3J. A
number of studies [4, 5J pointed out that fool lives are scattered according to
the Weibull function [6]. Hence, the behaviour of a die set performing a given
operation on a given material can be characterised by the Weibull constants.
These constants are: "

• 11, describing the" tool characteristic lifetirne.iand"
• p, the shape-determining constant, which is representative of the life scatter.

; "

A typical life distribution for components ir.·cold forging tool die set is shown in
Fig.1. The problem connected with a preliminary estimation of tool life is
evident. , ' "," ,I ," ' ,
According to their respective service lives, a number of tool components has to
be replaced during the production of a Gold forged part. Maintenance costs
occur each time a tool replacement is req4ired: as a tool fails, the press has to
be stopped and the tool block partially d!sassembled in order to replace the
failed tool element. Correspondingly, maintenance costs are the result of three
different contributions: I
• Tool Costs, !
• Downtime Costs and !
• Assembly Costs.

The first contribution refers both to material and labour content required to
manufacture the tool component.
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Fig. 1. Typical life distribution for~'coldf6rging tool component. .
(output of a SljSCHIPT simula,tion)

Downtime Costs are incurred due to the press idle time, that is the time
required to disassemble/assemble the tooling system and replace the failed
tool element.
The last contribution refers fa operations: usually performed off-line and
consisting in pre-stressing the die element through the assembly of one or
more stress rings. Several hours can. be' necessary to complete these

_operations: . .-

0.4
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2.2. Maintenance Policies I·
I

, -. .

An increasingly large investment in tooli~g' and equipment is required to cold
..forging ; ?rganisatio~s .. Hence, basic r~q~irements to - == the technology

competitive are achievinq a deep. explolt~tlon of the tooling system as well as
keeping the forging machine in operation as much of time as possible. An
appropriate and well planned tool maintenance policy can lead to a good trade-
off through minimising costs of machine downtime and tool replacement [7].

The majority of cold forging companies tJnd to replace tool elements when a
failure occurs or, anyway, when the product quality is not satisfied any longer
(tool-failure replacement). This maintenance policy brings to two main
consequences:
• tool elements are fully exploited. The first contribution to the maintenance

costs (Tool Costs) is minimised, and
• machine stops become frequent. Maintenance operations are caused by one

single tool element and the high frequency of maintenance occurrences
brings to an increase of downtime costs.
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Fig. 2: Tool replacement scheme for preventive maintenance policies.. . I

The main idea underlying a preventive maintenance policy is that of extending
maintenance operations to more than one. single tool at each press stop,
according to some criteria. Thc.tirne for assembly/disassembly the tOQI block is
divided among all the tools involved in the 'replacementand, thus, downtime
costs are reduced. .
The logical structure of a preventive maintenance policy is illustrated in Fig. 2.
Tool elements are divided into different groups. On this basis, as a tool fails,
the maintenance action provided to t/ile press will be extended to all the
elements belonging to the .sarne group.· .
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3.1 .: The Industrial and Technological Context

A computer assisted· pro~~durehasbe~n developed aimed at evaluating the
performances of a forging shop floor in jterms of maintenance costs. The main
objective is that of supporting. the user in analysing and comparing different
tool maintenance policies in order to design and implement the most
favourable program for the maintenance of the forging machines and their
relevant tooling systems ..
The study has been carried out in the frame ofa collaborative research work
with the Steel Components . Division of Teksid S.p.A., the company
representing the Fiat. Group's Metalworking sector. Cold forging plants of
Teksid are equipped with high production-rate transfer presses (Fig. 3),
suitable for producing high-volumes of components, mostly for the automotive
industry.
For this category of presses the complete tooling system generally consists of
50 to 80 elements that, according to [9] can be distinguished in three main
categories:
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• Tool Configuration Components, that are additional general components
bringing the tooling system to a specific configuration (through -for instance-
fixing outer dimensions of punch head and type of ejectors). They are
intermediate between the basic tooling system components and the

• Product-Specific Tool Wear Components, such as punches, die inserts, and
ejectors, that are in direct contact, with the workpiece material. These
components are interchangeable in the basic tooling system.

In Fig. 4 a list is given of tool components and relevant monitored mean
service-life. I

They belong to the die set of the first forming station of a 5-station National
1875 press equipped to process the iackshatt of the scheme of Fig.S. In the
figure the tool components are divided 1ccording to the above three classes.

I



Toof Description '

I
I

I , Mean Life (x 10(JO)

1. Basic Tooling System Components'
1000

980
1100
5000

·3500'-'-'-'-:..-:,::

Base-Plate \ ,
Housing
Housing
Pressure Pad
Pressure 'Pad

2. Tool Confi uration Com onents
Stress Ring 1
Stress Ring 2
Intermediate Stress Ring 1
Stress Ring 3
Intermediate Stress Ring 2

120
960
300

1000
350

3. Product-Specific Tool Wear Components !

25
65
50
50

210

Punch ' '
Die Insert 1
Die Insert 2
Die Insert 3
Ejector

Fig. 4: Tool components andl relevant mean service life.

3,2. Application of the Discrete-Event Simulation Method
I

The shop floor performanceexpected wren a specific tool maintenance policy
is implemented is measured in' terms of total machine downtime and
maintenance costs per' part ' (unit .' qost). The, relative contributions to
maintenance costs from tool replacemrnt, machine downtime and assembly
are evaluated together with the importance of each station with reference to
maintenance costs. ' , '
To this aim a simulation model was developed in SIMSeRIPT 11.5 environment,
a special purpose language for discrete-event simulation [8].

Discrete-event simulation consists inmodel!ing a system through its evolution
over time. The state .variables change only at a' countable number of points in
time called events. The simulation is object-oriented,' each object (billets to be
forged) entering the model at a well defined simulated time. It becomes active
either immediately orat a prescribed "activation time". From this moment, the
planned activities are carried out, if all the resources required (press, tooling'
system) are available. '

Among the main requirements to be fulfilled.: the model has to reflect the
stochastic nature of the real rr1anufacturirg system where some of the variables
are random and spread according to ipecific statistical functions. The main
consequence is that output results may ,hange even thought the input data are
always the same.



4. Evaluation of Mainte~ance pOlicies. .. . .

As shown in Fig. 2, different preventivefe· aintenance policies can be generated
. according to different criteria in groupin: the tool components.
With reference to the industrial context presented-at § 3.1, ..!b~Jqree foHowing_._.. _:__.....__.
preventive maintenance policies were developed and implem-ented·-using-···· .'._.-., _.
SIMSCRIPT 11.5: .

• family-based policy, where tool components are grouped according to their
expected service lives and technological functions (punch, die, etc.);

• minimum service life. policy, where a maintenance action frequency is
determinedas a function of the expected tool service lives;

• residual expected service policy, 'where maintenance 'action is carried out
simuitaneously.on a set of tool elements according to their residual expected
life.

Part Number: 59,99651

. Material: 19MnCr5
Weight: '2.757 (kg) .
Press: National 1875

o I

5000o 10000.·' ··15000 o 5000,

Minutes Minutes

.-' 1 +- 2 _ 3 x_ 4 +- 5

Figs. 5 and 6: Total and per-station maintenance costs vs. elapsed time
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In order to evaluate th~ system perfo~mances when the three policies are
applied, a considerable amount of data referring' to the presses and the tool
elements attributes was collected, together with economical details concerning
operations carried out on the shop floor. A campaign was launched to record
the real service lives forra number· of tool elements. The. distribution .
parameters and the constaritsofthe Weibull functioi"fwerefhus Taentifiea:::~:~~::.-::·~::.::~~~:":"~~~:"~·:~-

Samples of the program output are qiven in-Figs. 5, 6,7 and 8. They refer to
cold forging of a jackshaft on a 5-staticn National 1875. The evolution of unit
maintenance costs referr.ed to the overall equipment and relevant to each
station are illustrated in Fiq, 5 and Fig.. 6, respectively. Fig. 7 shows the
contribution of tool, downtime and assernblycosts.

In Fig.8 the shop floor performance when preventive maintenance policies are
implemented is compared with the c6rr~sponding results when a failure-based
policy is applied. Savings achievable from a preventive maintenance policy are
evident. The main justification to thrse results consists in the relevant
reduction of downtime costs provided by;this maintenance program.

Tool
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Fig.7: Main contributionr to maintenance costs.

The developed procedure is provided with a "what If' facility, that can support
the user in assessing what happens if the attributes of some "critical tools"
(such as tool mean life and: scatter, tool cost, assembly times, etc.) are
modified. An interesting application of this facility is that of evaluating the
economical effects of some surface treatments and coatings of critical tool
components.
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Fig.S: Maintenance costs 'Is. elapsed time for different maintenance policies:

To this regard, industrial applications hi~hlighted that tool lives can be steadily
enhanced through PVD-TiN coating treatments. Fig-. 9 shows that the mean
service iifeof the coated punch is sixfold increased, whilst the scatter is
considerably wider than for the uncoated tool component [10].
The increase in life scatter could lead \to major, problems in scheduling tool
changes when preventive maintenance ~olicies are implemented. The effects
due to the enhancement of the mean t091life together with the increase of life
scatter can be quantitatively determine~ in terms of press' downtime and unit
maintenance costs, with a discrete-event simulation. The results highlighted
the positive effects of low life scatters when preventive maintenance policies
are implemented.

I--H Uncoated Punch TiNCoated

I [ I PunchI '.\

I I I 1 I I Ia 50000 100000 150000

Fig. 9: Range and Mean Tool Life for ncoated and coated punches [10].
I



Economical aspects of theservice-ntedistribution for tool components in cold
forging technologywerediscus'sed~:~>'i .::"~",:, ...._ .
Discrete-event simulation. procedures are a useful' mean for designing and
evaluating tool maintenance policies and, thus.: supporting decision making in
planning tool rnanaqement.v.: -', .' ..i .' . .
The analyses applied to' a. real .cold fo~ging shop. highlighted that preventive
rnaintenanc.e p.oliciescan lead ..toreductipn of n:achine downtime and perform a

..deep. exploitation ..of both. equipment. and toolinq.system ...However, the.rnost. -'--_...._:.'-'....__.
critical aspects in implementing,thesepblicjesare related to the availabllity·or·------------·-·
data concerning the service-life. distribtbtion of the tool components and the
organisation in the shop floor for theirmonitoring and collection.

. . I
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