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Abstract

Due to the increasingly large investments requested for fooling and
equipment, the cold forging technology keeps ifs levels of competitiveness
on the condition that a deep exploitation of the tooling systems is achieved
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 fooling systems with respect fo
production costs. Altenative tool maintenance and replacement policies
are presented and discussed fogether with the techniques for their
-simulation and evaluation. The effects of the implementation of preventive
 maintenance - strategies extended fo|the overall fooling system are
highlighted in terms of equipment downtime and manufacturing costs.

1. Introduction

" The growing level of complexity in cold ferged parts together with the request
for shorter delivery times represent two main factors that companies face with.

" Inresponse 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 bztween the product and the forging
machine, tool elements must be properly 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 anaTyses 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 det{ermined by:

l
o tool material cost and 1
« l|abour 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 this work is on the effects of tool components life on production™ ===+

costs and their evaluation. The first part of the paper is mainly concerned with
methodological aspects of the problem, whereas the second part presents
some results. Alternative tool maintenance and replacement policies, together
with their effects on production costs are djscussed, as well.

The study is based on data from mc_‘achme -tool manufacturers and the
toolmaking department of a forging company.

2. Maintenance Costs and Policies -

2.1. Tool Life and Maintenance Costs

Different causes such as wear, fracture, surface welding and plastic
deformation can lead to the malfunction or break down of tool components.
If compared with the production volumes, fhese tools have rather short service
lives, this term referring to the number of - identical subsequent forming
operations that can be processed by a sxngle tool (or toohng system), ensunng
at the same time the required product quality. Further, it is known that there is
enormous scatter of tool lives for the saae tool design and tool layout [3]. A
number of studies [4, 5] pointed out that ool 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 charactensed by the Weibull constants.
These constants are:

e 7, describing th tool haractenstxc hfetxme and
* B, the shape-determining constant, which is reoresentatxve of the life scatter.

A typical life distribution for components ir: cold forglng tool die set is shown in
Fig.1. The problem connected with a prehmmary estimation of tool life is
evident. |

According to their respect:ve service hves a number of tool components has to
be replaced during the production of a c;o!d forged part. Maintenance costs
occur each time a tool replacement is required: as a tool fails, the press has to
be stopped and the tool block partially djsassembled in order to replace the
failed tool element. Correspondingly, maintenance costs are the result of three
different contributions:

e Tool Costs,
e Downtime Costs and
e Assembly Costs.

The first contribution refers both to material and labour content required to
manufacture the fool component.
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Fig. 1.  Typical life distribution for g cold f’orging tool component.
- (output of a SIMSCRIPT si_mulation)

. 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 to operations -usually performed off-line and
consisting in pre-stressing the die elemeént through the assembly of one or
more stress rings. Several hours can be necessary to complete these
operations, ‘ R

- 2.2. Maintenance Policies s ;

. An increasingly large investment in tooling and equipment is required to cold
- forging organisations.. Hence, basic’ req’uirements to make the technology
competitive are achieving a deep exploitation 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 tend 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.

The mam idea underlying a preventive malntenance policy is that of extending
maintenance operations to more than:one single tool at each press stop,
according to some criteria. The time for assembly/disassembly the tool block is
divided among all the tools involved in the replacement and, thus, downtime
costs are reduced. :

The logical structure of a preventtve marntenance policy is illustrated in Fig. 2.
Tool elements are divided into different groups. On this basis, as a tool fails,
the maintenance action. provnded to the press will be extended to all the
elements belonging to the same group
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3.1. 'The Industrial and' Techneloqical Context

A computer assisted procedure has been developed aimed at evaluating the
performances of a forging shop floor in terms of maintenance costs. The main
objective is that of supporting the user in analysing and comparing different
toal maintenance policies- in order to design and implement the most
favourable program for the maintenance of the forgrng machines and their
relevant tooling systems.

The study has been carried out in the frame of a 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: '

!
}
|
i



Fig. 3: Hydraulic preés for cold forming|of rear spindlés for industrial vehicles
~ [Courtesy of Teksid S.p.A.].

e Basic Tooling System Components, such as housmgs and pressure pads,
involved in several configurations of the tooling system

e Tool Conﬁguration‘Components, that are additional general components
bringing the tooling system to a specific configuration (through -for instanceé-
fixing outer dimensions of punch head and type of ejectors). They are
intermediate between the basic tooling system components and the

e Product-Specific Toal Wear Componenté, such as punches, die inserts, and
gjectors, that are in direct contacti 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.

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



Tool Description - s SR ! “Mean Life (x 1000)

1. Basic Tooling Systerh C‘omponénts: -

Base-Plate ' _ 1000
Housing 980 -
Housing o 1100
Pressure Pad - 5000
. PressurePad - - S ' e 3500~~~ e O e e
2. Tool Configuration Components
Stress Ring 1 3 v 120
Stress Ring 2 _ 960
Intermediate Stress Ring 1 300
Stress Ring 3 1000
Intermediate Stress Ring 2 : , 350
3. Product-Specific Tool Wear Components
Punch h " ‘ . 25
Die Insert 1 S . 65
Die Insert 2 ' ' 50
Die Insert 3 , ' 50

Ejector . : 210
Fig. 4: Tool components and| relevant mean sérvice life.

3.2. Application of the Discrete-Event S'imulat'ion Method

The shop floor performance expected when a specific tool maintenance policy
is implemented is measured in terms of total machine downtime and
maintenance costs per part (unit cost). The relative contributions to
maintenance costs from tool replacement, machine downtime and assembly
are evaluated together with the importance of each station with reference to
maintenance costs. I . :

To this aim a simulation model was developed in SIMSCRIPT I1.5 environment,
a special purpose language for discrete-event simulation [8].

Discrete-event simulation consists in modelling 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 or-at 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 manufacturi’pg system where some of the variables
are random and spread according to specific statistical functions. The main
consequence is that output results may change even thought the input data are
always the same. "




4. Evaluatioh ofiMa-intenance Policies

As shown in Fig. 2,' different preventive | aintenance policies can be generated
according to different criteria in grouping the tool components.

With reference to the industrial context presented at § 3.1, the_ three following. . . ...

preventive maintenance - pohc:les were developed and mplempnted ‘using

SIMSCRIPT IL.5:

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

o minimum service life policy, where a maintenance action frequency is
determined as a function of the expected tool service lives;

3

e residual expe'cted service policy, ‘wh;ere maintenance action is carried out
simultaneously.on a set of tool elements according to their residual expected

- life.
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Figs. 5 and 6: Total and per-station maintenance costs vs. elapsed time



B
In order to evaluate the system performances 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 for a: number- of tool elements. The . distribution

~ parameters and the constants of the Weibull function were thus identified.~ ===

Samples of the program output are given 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 referred to the overall equipment and relevant to each
station are illustrated in Fig. 5 and Fig. 6, respectively. Fig. 7 shows the
contribution of tool, downtime and assembly costs.

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

i
I

Final Results :

‘Maintenance cost sharing (%)
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Fig.7: Main contributionf 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.




—---1---4---1-..-:_-'_L......n._-4-.-4-L—----:-_-;I)art-:.-pr(;ducti(lm--:baxd):----
GO 2 8 .5 o o e i o . e T e e DD, o SSTEE L lsre
1] ] .
o LAl o 59999651 | 300000 | 25000
et LT L TN L S W Uy S R S A
5 QN O U SR JOSVUEN SRS N L I NP PRI TN IV JUU: R JENUR RN S
T [} ) LI [ [ 1 g gy I : Kot o Mmanied n -
700_‘____'_____1__‘;l___l__'._"l_‘"__L_’_J'__,J_____l___.___l___1____x___,____,___.____
i [ [ [ 1 I ] ]
ab w o b e dms e w iy P _‘:m-.
! 1 ' 1 1
600+ ~ -t -3 :-—-r——-r——-'—--t-—-n-~-:---
N 1 t : ] 1 ] i 1 1
e R s e map e
bk i SRkt ek | b Bl e TR T T Tyt T T [ i S T St i
s J.-i-A. otp T T TOTO T 0
= : i .
400+ - -1 /-1 - . !
N S - ' 1
1 1 ' 1 1 ] ] ] 1
300J--_ = - e N - l......L..._.l..-J-.-.J-_..:.._-:.---:- _llﬂ_lt -I--—-:--DW—
1. ___.__Jd__:___:____:_____4'___:___:___:___:___:__ cost ' yroduted
2004 =/t === m=doimm o= mamtlad e neanemap-g L] 678 ¢ 3000001
b1 ST NN A A S BRI M X R T
100 f -5 <= gmmdemthiok dlbsada e e oo LLRE3 ] 528 | 300000 |-
P e e e R 2 M .1 300000 |-
0 s S e WA Mo NSNS SRR S s S e SONEY B we S
0 2000 4000 6000 8000 10000 © 12000 14000 16000
minutes
o— POL.1 failurc based *— POL. 2 , »— POL. 3 o— POL. 4
PQOL. 1 Failure-Based Policy : ‘ POL. 2 Family-Based Policy
POL. 3 Minimum Service Life Policy . {POL 4 Residual Expected Service Policy

Fig.8: Maintenance costs vs. e!apéed tiime for different maintenance policies:

To this regard, industrial applications highlighted that tool lives can be steadily
enhanced through PVD-TIN coating treatments. Fig. 9 shows that the mean
service life of 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 policies are implemented. The effects
due to the enhancement of the mean tool life together with the increase of life
scatter can be quantitatively determined 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. '

F— Uncoated Punch
S ITiN Coated

e . ' Punch

| ’ ) [ I | | |

0 50000 100000 150000

T

o

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



Economical aspects of the service- hfe dlstnbutlon for tool components in cold
forging technology were discussed.. 1

Discrete-event simulation procedures are a. useful mean for designing and
evaluating tool maintenance pohcnes and thus supportmg decision making in
planning tool management. - |

The analyses applied to a. real co]d forgmg shop hlghlrghted that preventive
maintenance policies can lead to reductlon of machine downtime and perform a
. deep exploitation.of both: equrpment and ‘tooling-system...However, the_most

critical aspects in implementing these policies are related to the availability of

data concerning the service-life drstrlbutron of the tool components and the

organisation in the shop ﬂoor for their monrtorrng and collection.
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