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SYSTEMAND METHOD USED IN DESIGN, 
PRODUCTION AND OPERATION OF METAL 

FORMING TOOLS 

0001. This application is a continuation of PCT/CA2014/ 
000400 filed on May 2, 2014, and claims the benefit of pri 
ority of provisional application Ser. No. 61/819,044 filed on 
May 3, 2013, both of which are incorporated herein by refer 
CCC. 

FIELD OF THE INVENTION 

0002 The invention relates to a method and system asso 
ciated with initial design and manufacture of forming tools 
used in the production of metal parts and the operation 
thereof. 

BACKGROUND OF THE INVENTION 

0003. The development of forming tools for producing a 
metal part is complex, expensive and time-consuming. Such 
forming tools may be used in numerous metal forming opera 
tions, such as stamping, deep drawing, stretching, tube hydro 
forming, sheet hydroforming, impact extrusion, warm form 
ing, rod and tube extrusion, heading, fineblanking, forging, 
tube rod and bar drawing, wire drawing, spinning, roil form 
ing, stretch forming, tube and pipe bending, blanking and 
piercing, coining, Swaging, press bending, ironing and flang 
ing. 
0004 Forming tool designers typically use a computer 
aided design system, usually incorporating finite-element 
analysis (FEA) models, to generate initial tool geometry for 
producing a particular metal part. Such FEA models may be 
used to control a computer-aided manufacturing (CAM) sys 
tem to manufacture the actual forming tool. Once formed, this 
tool typically requires modification by a tool and die maker to 
perform as intended. FEA models include assessment of fric 
tion forces on the to& and its addenda as it is being used to 
form the required shape. 
0005. In the design process, the tool designer must select 
and input to the FEA model afriction parameter relating to the 
friction force anticipated to he experienced in the tool during 
the forming process. Such friction parameter is a function of 
the coefficient of friction (COF) between the tool, the part 
blank (i.e. the unformed metal piece) and the selected lubri 
cant. Generally speaking, the lubricant will be selected to be 
compatible with the friction specifications anticipated for the 
forming process and also with downstream processes such as 
welding and painting. Furthermore, a manufacturing facility 
typically has several lubricants readily available and the lubri 
cant selected for the FEA modelling may be specified based 
on the intended manufacturer's preference. 
0006 Typically, a tool designer relies upon friction param 
eter values which have been determined. empirically from 
friction force data collected using a certain category of tri 
botests in which the lubricant is replenished during the test to 
maintain a fixed film thickness. These types of tribotests are 
herein referred to as “non-lubricant depleting (NLD) tri 
botests The NLD tribotest most commonly relied upon by 
tool designers for sheet metal forming tools is the Drawbead 
Simulator (DBS). This test as used for input data for a process 
involves a series of steps where a lubricated metal strip is 
drawn through dies causing a series of bending and straight 
ening steps that return the strip to the original orientation. The 
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test uses the particular tool material, blank material and lubri 
cant to determine a coefficient of friction to be used in the 
FEA process. 
0007 Because of the inherent properties of the lubricant in 
combination with a particular blank metal, tool material (in 
cluding any pertinent tool coatings or Surface treatment) and 
the geometry of the NLD tribotest, the actual thickness of the 
lubricant film varies from case to case and is unknown. The 
friction data produced by such an NLD tribotest thus repre 
sents a COF for one particular (but unknown) film thickness. 
In reality, however, metal forming is a dynamic process where 
the lubricant film thickness (and thus friction force) changes 
through a wide range as the lubricantis Subjected to the action 
of compressive forces and sliding that greatly vary in different 
regions of the formed part. 
0008. The generalized performance of a typical lubricant 
as it moves through a full range of lubricant film thickness and 
different stages of lubricant depletion varies considerably. 
With reference to FIGS. 1 and 2 (showing the various stages 
of lubricant depletion of a typical lubricant), for relatively 
thick layers of lubricant, the COF is near its minimum and 
adjacent Surfaces essentially slide past each other on a cush 
ion of lubricant; this is the “hydrodynamic stage of lubricant 
depletion. As the lubricant layer thins, perhaps allowing for 
increasing metal-to-metal contact, the COF starts to increase; 
this is a “mixed-film stage of lubricant depletion (“MF 
stage'). In the case of many combinations of lubricant and 
tool and blank materials, the COF increases in a generally 
linear manner through the MF stage. As the lubricant layer 
continues to thin past the MF stage, the lubricant starts to 
break down through the “boundary”, “EP activation' and 
final “breakdown” stages of lubricant depletion. Problems 
can occur in the EP activation and Breakdown stages beyond 
the MF stage including material buildup, cold welding and 
excessive wear. The “boundary stage is sometimes included 
as part of the MF stage as the characteristics of the stages are 
closely related. 
0009. In metal forming processes, successful lubrication 

is critical to ensure acceptable finished part specifications, 
including Surface quality, and to reduce maintenance of the 
forming tools. The geometry of an NLD test apparatus, 
including the DBS, is designed for the purpose of determining 
a COF, based on the specific lubricant and blank and tool 
materials, from which a friction parameter input to the FEA 
model can be derived. It is generally understood and assumed 
that the COF measured in a DBS test will be in the MF stage 
of the lubricant. As a result, the DBS in particular has for well 
over 20 years been the tribotest of choice with tool designers 
as the preferred means of determining friction data and COF 
with different process parameters in metal forming, Such as 
blank and tool materials, tool coatings and Surface treatment 
and lubricant. 

0010 Current FEA models do not take into account the 
dynamic nature of the changing lubricant film thickness, COF 
and resulting friction force. Instead, in current PEA models, it 
is necessary to select a single friction parameter value to 
represent the overall process. At present, the tool designer 
will select a friction parameter determined by an NLD tri 
botest (usually a DBS tribotest). 
0011. Using the accepted current assumptions, it is com 
mon that initial prototype parts produced by a forming tool 
will not meet the design specifications. This in turn requires 
trial-and-error modifications of the forming tool (potentially 
requiring many hours of welding and grinding) followed by 
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more prototype production and, if necessary, further tool 
modification. This iterative trial-and-error tool manufactur 
ing process involves a tool and die maker and often many 
months to Successfully yield a tool capable of producing parts 
which meet the design specifications. The cost and delay can 
be substantial and the required time to complete the process is 
difficult to predict. 
0012. As a result of the above, there remains a need for an 
FEA-model-controlled tool design and manufacturing 
method and system that improves the initial tool geometry. 

SUMMARY OF THE INVENTION 

0013. In the present invention a value of a friction param 
eter utilized in a computer modelling procedure associated 
with a metal forming operation is representative of the mixed 
film stage of the lubricant which is dependent upon the mate 
rials of the blank and the tool. Significant improvements in the 
accuracy of the model in generating initial tool geometry or 
assessing the possible impact changes to the metal forming 
operation are realized. Generating initial tool geometry is a 
particularly useful application, however other applications of 
the computer modelling procedure such as blank optimiza 
tion are also improved. These improvements with respect to 
computer modelling are utilized in both apparatus and 
method applications. Various methods can be used to deter 
mine the value of the friction parameter to be representative of 
the mixed film stage. 
0014. A method of generating initial tool geometry of a 
tool used in a metal forming operation for producing a metal 
based part from a metal-based blank according to the present 
invention comprises using computer aided design procedures 
specific to the particular metal part and the lubricant to be 
used in the Metal forming operation, selecting computer 
aided design input information including a tool material, a 
blank material and the lubricant having at least one assigned 
frictional property associated with the tool and blank mate 
rial; generating an initial tool geometry for producing the 
particular metal part using the computer aided design input 
information in combination with the computer aided design 
procedure; and wherein the at least one assigned frictional 
property is derived based on evaluation of frictional proper 
ties of at least a mixed film range of the lubricant. 
0015. According to an aspect of the invention, the at least 
one assigned frictional property is a coefficient of friction 
representative of the mixed film range of the lubricant. 
0016. In an aspect of the invention, evaluation of the mixed 
film range of the lubricant additionally includes investigation 
and quantification of boundary conditions of the lubricant. 
0017. In a further aspect of the invention, the computer 
aided design procedure includes a finite element analysis 
model procedure. 
0018. According to the present invention, a computer 
aided design method uses a finite element analysis procedure 
for generating initial geometry of a tool for forming a specific 
part from a metal blank material in a metal forming operation 
that uses a lubricant. The method comprises providing finite 
element analysis input information including a tool material 
specification, a blank material specification and at least one 
frictional property of the lubricant associated with the tool 
and blank material; generating an initial tool geometry for 
producing the particular metal part using the finite element 
analysis input information in combination with the finite ele 
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ment analysis procedure; and wherein the at least one fric 
tional property is based on an assessment of the mixed film 
regime of the lubricant. 
0019. According to an aspect of the invention, the at least 
one assigned frictional property is a coefficient of friction 
representative of the mixed film range of the lubricant. 
0020. In an aspect of the invention, the assessment of the 
mixed film regime also includes investigation and quantifica 
tion of the at least assessment of boundary conditions of the 
lubricant. 

0021. In yet a further aspect of the invention, the at least 
one assigned frictional property is at least two frictional prop 
erties and the finite element analysis uses the at least two 
frictional properties to provide improved correlation between 
estimated performance of the tool geometry based on the 
finite element analysis and actual tool performance as used in 
the metal forming operation. 
0022. A computer aided design method according to the 
invention for generating initial geometry of a tool for forming 
a specific part from a metal blank material in a metal forming 
operation that uses a lubricant comprises providing design 
input information including a tool material specification, a 
blank material specification and at least one frictional prop 
erty of the lubricant associated with the tool and blank mate 
rial; using a computer aided design procedure programmed 
for the specific part in combination with the design input 
information to generate initial geometry of the tool; and 
wherein the at least one frictional property is based on a 
quantified assessment of the mixed film regime of the lubri 
Cant. 

0023. A system for generating a metal forming tool 
according to the present invention comprises a computer 
aided design Software system operating on a computer and 
including a friction parameter known to be representative of 
at least a mixed film stage of a lubricant specified for a 
manufacturing process that uses the metal forming tool of a 
specific material to produce a product from a metal based 
blank of a specific material. The computer aided design soft 
ware utilizes the friction parameter determined by the lubri 
cant, the specific tool material and the specific material of the 
metal based blank to generate initial geometry of the metal 
forming tool. The automated system utilizes the initial geom 
etry of the metal forming tool to generate the tool of the 
specific material. 
0024. In an aspect of the invention, the system includes 
test equipment for determining frictional characteristics of 
the lubricant with respect to the specific material of the metal 
forming tool and the specific material of the metal based 
blank where the test equipment provides detailed information 
of the mixed film stage and the range of the mixed film stage, 
and a statistical based processor that, based on the detailed 
information, generates the friction parameter used in the com 
puter aided design Software system. 
0025. In yet a further aspect of the invention, the computer 
aided design software system utilizes a finite element analysis 
procedure to generate the initial metal forming tool geometry. 
0026. The present invention also includes a computer sys 
tem having finite element analysis Software for generating 
initial tool geometry of a metal forming tool to be used in a 
metal stamping process that utilizes the metal forming tool of 
a specific material to stamp a metal based blank of a specific 
material to produce a metal based part. The finite element 
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analysis program utilizes a friction parameter representative 
of a mixed film stage of the lubricantas intended to be used in 
the metal stamping process. 
0027. In a preferred aspect of the invention, the friction 
parameter utilized in the finite element analysis software is 
approximately an average value of the mixed film range of the 
lubricant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 Preferred embodiments of the invention are shown 
in the drawings, wherein: 
0029 FIG. 1 is a general schematic illustrating surface 
contact as a function of lubricant film thickness; 
0030 FIG. 2 is a graph of a lubricant response for a typical 
Twist Compression Test (TCT) friction curve and the identi 
fied changes of a Coefficient of Friction with lubricant deple 
tion; 
0031 FIG. 3 is an example of a stamped metal part; 
0032 FIG. 4 is a schematic of a metal forming tool for use 
in a metal forming process; 
0033 FIG. 5 is a sectional view through the metal forming 
tool of FIG. 4; 
0034 FIG. 6 is a perspective view of a drawn hemispheri 
cal cup produced by the tool of FIGS. 4 and 5: 
0035 FIG. 7 is a photograph of a TCT apparatus; 
0036 FIGS. 8 and 9 are graphs showing 3 replicates of 
TCT results for two different lubricants; 
0037 FIG. 10 is a graph of the Mixed Film portion of TCT 
data curves for multiple lubricants; 
0038 FIG. 11 is a comparison of Drawbead Simulator 
(DBS) results and TCT results for different lubricants; 
0039 FIG. 12 is a schematic flow chart of steps used in the 
present process for producing an initial production tool; 
0040 FIG. 13 is a flow of an alternate process where 
additional frictional parameters can be provided to a finite 
element analysis model and produce an initial tool; 
0041 FIG. 14 is a schematic showing the use of the COF 
as determined by the present invention and the use thereof in 
an FEA model; and 
0042 FIG. 15 is a system arrangement that includes a 
database of friction parameters determined in accordance 
with the present invention and the selecting of an appropriate 
lubricant. 

DETAILED DISCLOSURE 

0043. As previously discussed, FEA models typically use 
an NLD tribotest apparatus for determining a single COF for 
use in the analysis. The most common NLD tribotest used for 
this purpose is the DBS test. Current FEA models do not take 
into account the dynamic nature of changing lubricant film 
thickness, COF and resulting friction forces. One reason for 
this is that accurate data showing how friction parameters 
change with time during the metal forming process are not 
readily available. Although a COF derived from a DBS test 
will be (or will be assumed to be) within the MF stage, a DBS 
test (like any NLD test) does not investigate or provide data of 
the MF stage (regime) and where within the MF stage the 
DBS-measured COF lies is not known. As a result, although 
a DBS-measured COF may lie within the MF stage, the 
present inventor has realized that a different and more reliable 
method of selecting a COF (or related friction parameter) has 
significant advantages. For example, in case the DBS mea 
sured COF is inadequate, the more reliable method would 
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assess and select an alternative COF (or related friction 
parameter) from a wide range of possible alternative friction 
parameter values lying within the MF stage which would be 
better suited to the process and yield more consistent or 
statistically better results. In addition, even in a case where 
the DBS-measured COF might by sheer chance be adequate, 
the more reliable method arriving at the same result would 
provide more confidence in the result, allowing for shorter 
tool production design processes. In light of this realization 
and in contrast to the traditional approach, the present inven 
tor has now (bund a different more reliable method of select 
ing a COF (or related friction parameter) which may signifi 
cantly improve the design process and the initial tool 
geometry. 
0044 Another tribotest, the twist compression teat (TCT), 
exists and is normally used to evaluate lubricants, anti-adhe 
sion additives for lubricants and anti-wear properties of lubri 
cated Surfaces for the purposes of extending tool life and 
reducing Surface quality issues offinished parts. For example, 
once tooling has been produced and is being tested or gone 
into production, the performance of the tooling and antici 
pated life expectancy is tracked. The actual performance and 
life expectancy of the tooling may be less than desired. Such 
deficiencies can sometimes becaused by the initial choice of 
lubricant for the process which may, for example, have a 
much higher than anticipated COF at Some point in the spe 
cific metal-forming process where the lubricant may to unex 
pectedly or undesirably be operating in its EP activation 
stage, or even in its final breakdown stage, causing problems 
Such as cold welding between contacting Surfaces. These 
types of deficiencies: can sometimes be remedied or 
improved by changing the lubricant or its additives or by 
adjusting operating parameters, with the effect of avoiding or 
at least delaying the entry of the lubricant into undesirable 
portions of its EP activation or final breakdown stages. The 
TCT is used to test possible lubricant improvements with a 
view to enhancing performance near or in the EP activation or 
final breakdown stages of the lubricant when used with a 
particular tool in a particular metal-forming operation. 
0045. To evaluate performance in the EP activation and 
final breakdown stages of the lubricant, the TCT apparatus 
moves from an initial rest position to a maximum engaged 
position. In effecting this movement, the lubricant moves 
through the initial stages of lubricant depletion to arrive at the 
stages of interest—namely the EP activation and final break 
down stages—where breakdown of the lubricant occurs, 
affecting the performance or life expectancy of the tooling. 
Thus, although the TCT also passes through the hydrody 
namic, mixed film and boundary stages to reach the EP acti 
Vation and final breakdown stages of interest, data relating to 
the initial stages (including the MF stage) is either not col 
lected, not reported or is ignored because it is not germane to 
the objectives of the TCT namely to collect data in the EP 
activation and final breakdown stages. 
0046. A significant improvement in the initial geometry of 
the tooling can be realized by adopting a friction parameter or 
coefficient of friction for the FEA process that is based on the 
particular lubricant and the tool and blank materials and 
knowledge of the mixed film stage of the lubricant. 
0047 Evaluation of the mixed film stage and selection of 
the coefficient based on this analysis provides better initial 
geometry of the tooling and results in tooling that requires 
less modification before being placed into production. Selec 
tion is based on knowledge of the mixed film stage of the 
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lubricant to provide a COF that is more likely to allow the 
tooling to function in the desired manner. 
0048 FIG. 1 is a simplification of different initial stages of 
a lubricant as the process becomes more demanding and 
breakdown starts to occur. In the initial hydrodynamic regime 
(or stage) there is always a lubricant layer between the blank 
2 and the die 4. The lubricant layer is shown as 6. The next 
stage of the lubricant breakdown is the mixed film stage. The 
pockets 8 are filled with lubricant separating the blank 2 and 
the die 4 but there is some contact of the blank with the die 
between the pockets. A very thin, molecular-scale, layer of 
lubricant is fed from the lubricant pockets into these points of 
contact providing protection from direct contact between the 
blank and the die. FIG. 1 also illustrates the boundary stage 
where the lubricant no longer fills the various pockets and 
thus the replenishment of the lubricant into the points of 
contact is lost and with continued sliding direct contact is 
inevitable. 

0049. There are a number of different tribotests associated 
with lubricants and known frictional properties of the lubri 
cant in each of the stages of hydrodyriamic, mixed film, 
boundary, EP activation and breakdown as shown in FIG. 2. 
FIG. 2 is a representative graph typical of a twist compression 
test curve with different stages of the lubricant identified. The 
inventors found that the mixed film stage, and in some cases 
the mixed film stage in combination with the boundary stage, 
provides improved information for selecting a frictional 
parameter, Such as the coefficient of friction, that is used in 
computer aided software design with respect to tool design, 
and in particular is useful for finite elementanalysis programs 
and techniques associated with tool design. By using the 
appropriate frictional parameter taking into account the 
mixed film stage and/or the mixed stage and boundary con 
dition stage, the initial tool design is improved and typically 
the amount of testing and modification of the tool in the initial 
testing of the tool can be reduced. This is a very significant 
advantage in that the modification of tools that have been 
manufactured in accordance with initial tool geometry from a 
finite element analysis program typically requires less modi 
fication and testing by a tool and die maker. This can allow the 
tool to be placed into production more quickly and it also 
reduces planned lead time necessary to assure tooling will 
function in the intended manner. 

0050. The mixed film stage of most lubricants is generally 
linear and has an initial lower coefficient of friction that 
progressively increases and terminates at a higher coefficient 
of friction. The slope of this generally linear stage can vary 
Substantially. In the boundary stage there is often a slight drop 
in the coefficient of friction followed by a continued increase 
in the coefficient. A person skilled in the art can readily 
identify these various stages based on the results from a twist 
compression test, for example. 
0051 Although the twist compression test is well known, 
as noted above, it is typically used to consider modifications 
or replacement of the lubricant to address specific production 
problems. This is obviously well after the initial tool design 
and well after the modification of the tool to allow it to be 
effective for production. For example, during production it 
may be found that the tool is being damaged or material is 
being transferred from the blank to the tool. This is typically 
associated with cold welding and represents the lubricant not 
operating in the desired Stage. The production engineers or 
the lubricant specialist will then consider modifying a lubri 
cant to provide the required lubrication to overcome the spe 
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cific problem. Thus the twist compression test values for 
lubricants have not been previously considered to provide an 
assessment or to select a frictional parameter associated with 
the mixed film and/or the mixed film and boundary condition 
of a lubricant. 

0.052 FIG. 3 shows a metal part formed from a blank 
where the part includes the die radius 1 and the addendum 2. 
During the manufacture of this part the actual lubricant will 
be in different stages due to the different geometry of the part 
and the manufacturing process, in the initial design of tooling 
the programming to date, although very complex, typically 
uses a single coefficient of friction. The tool is designed for a 
particular lubricant based on the complexity of the part and 
prior knowledge. Most manufacturing plants restrict the num 
ber of lubricants that can be used in order to simplify the 
process. Therefore the designer of tooling made-for a particu 
lar manufacturer will already know the preferred lubricant 
and the present invention utilizes the frictional characteristics 
of this lubricant in the mixed film stage and/or in combination 
with the boundary stage. In some cases, a mere averaging of 
the coefficient of friction within the mixed film stage provides 
good results, in other cases, a person skilled in the art may 
wish to modify the coefficient of friction to be closer to one of 
the two endpoints. In other cases it may be appropriate to also 
considera coefficient within the boundary stage and the selec 
tion can take this into account. It is anticipated that the mod 
eling Software, including finite element analysis software, 
will include in the future the ability to use multiple or differ 
ent coefficients of friction for different parts of the process, as 
a function of time and/or of location within the part, to further 
improve the accuracy of the initial tooling geometry. Such 
frictional coefficients will still be dependent upon the param 
eters within the mixed film and boundary stages. 
0053 FIGS. 4 and 5 show a simple metal forming tool 100 
comprising a punch 101, a blank holder 102 and a die or draw 
ring 103. This metal forming tool is used to produce the 
hemispherical cup 106 shown in FIG. 6. The hemispherical 
cup is produced from a fiat circular blank inserted in the metal 
forming tool and held between the blank holder and the draw 
r1ng. 

0054. In this application the tool used to produce a metal 
based part may not produce a finished part. For example a 
finished part may be produced by a series of stamping opera 
tions and then the stamped part may be combined with other 
parts and/or involved in further finishing steps. The term 
metal-based blank also includes metal-based preformed 
blanks. 

0055 Computer-aided design procedures including finite 
element analysis procedures assist in the development of 
stamping tools, the improvements in use of the stamping tools 
and/or assessing possible changes associated with the stamp 
ing tools or the produced parts, or changes in the parameters 
including the lubricant. The use of the friction parameter of 
the lubricant according to the present invention is useful in all 
of these applications. 
0056. A typical twist compression test apparatus is shown 
in FIG. 7. This test will use both the specified tool material 
and the specified blank material in combination with the 
particular lubricant to provide the frictional parameters asso 
ciated with the mixed film stage and boundary stage, typically 
in combination with the remaining stages for review and 
selection by the operator. In this way, input information to the 
computer aided design will include both the material speci 
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fication, the blank material specification and the lubricant 
frictional parameters such as the coefficient of friction 
selected as discussed above. 

0057. It should be noted that the term lubricant can be a 
mixture of lubricants, one or more lubricants and a blank 
wash or a Soap and/or one or more lubricants and conversion 
coatings. The lubricanthas known properties and in particular 
known friction parameters that can be assessed with respect to 
the mixed film stage and utilized in any of the procedures 
described herein. 

0058. In FIG. 8 the various coefficients of friction for a 
particular mineral oil as determined by the twist compression 
test are shown with three separate tracks. It can be seen that 
the mixed film stage 200 is quite consistent for the three 
different tracks. Selecting the frictional parameter from the 
mixed film stage for input into computer aided design soft 
ware improves the initial geometry of the tool. FIG. 6 shows 
a similar test result for a 10% by weight of chlorinated par 
affin in a particular mineral oil in association with two differ 
ent materials. Again the mixed film stage 200 is fairly con 
sistent. 

0059 FIG. 10 shows various mixed film stage data for 
different lubricants and the mixed film stage is generally 
linear. 

0060. In FIG. 11, a comparison is shown of the draw bead 
simulator and the mixed film evaluation of the present inven 
tion. For low viscosity lubricants with respect to these par 
ticular test materials, it can be seen that the draw bead simu 
lation values of the coefficient are lower than the twist 
compression test data coefficients that were based on an aver 
age. With respect to high viscosity lubricants, on the second 
part of the graph it can be seen that the twist compression test 
data is lower than the previously used draw bead simulation 
data. 

0061. In the actual manufacture of a metal forming part, 
the lubricant will not operate in a range representative of the 
draw bead simulation frictional value. This is essentially a 
perfect or highly desirable lubrication stage and is not repre 
sentative of the manufacturing process. By providing a more 
realistic estimate of the coefficient of friction that will be 
encountered in the manufacturing process, the finite element 
analysis and/or other software for initial tool design provides 
Superior initial tool geometry. In contrast, merely guessing at 
an appropriate coefficient of friction or using values based on 
a draw bead simulation will likely require considerable modi 
fication of the initial tool geometry. 
0062 FIG. 12 illustrates a particular flow chart of the logic 
used in association with the initial design and manufacture of 
a stamping die. FIG. 10 shows yet a further modification of 
Such a process to produce a stamping die. FIG. 11 shows the 
initial design of the finite element analysis being used to 
produce initial tooling and FIG. 12 shows a design process 
where the lubricant has been previously tested or a series of 
lubricants have been previously tested with different materi 
als such that the frictional parameters thereof associated with 
the mixed film stage and/or the mixed film stage and bound 
ary stage are known and available for use in the initial tool 
design. 
0063. In accordance with the invention, the inventor has 
recognized that a tribotest capable of measuring lubricant 
performance through the full MF stage herein referred to as 
a “full MF depletion” or “FMFD tribotest, such as for 
example the TCT tribotest, may advantageously be used in 
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FEA-model-controlled processes and systems for manufac 
turing forming tools for production of metal parts. 
0064 Referring to FIG. 12, a process for producing a 
forming tool of a particular tool metal to produce parts of a 
particular blank metal using a particular lubricant is shown in 
which the following steps occur: 

0065 one or more tribotests are performed on the 
desired combination of tool material, blank metal and 
lubricant, so as to measure a friction parameter, Such as 
the COF, across at least about the full MF portion of the 
friction curve (“MF curve') for the lubricant. Preferably, 
a FMFD tribotest is performed several times for such 
purpose. Afriction parameter, such as the COF, is mea 
sured across at least about the full MF portion of the 
friction curve (“MF curve') for the lubricant. In a pre 
ferred embodiment, the FMFD tribotest is performed by 
a TCT apparatus and the measured friction parameter is 
the COF, but any other friction parameter or FMFD 
tribotest could be used: 

0.066 the friction parameter data is processed to iden 
tify and extract the MF curve, preferably the full MF 
curve: 

0067 the processed friction parameter data is used to 
calculate a single representative friction parameter value 
representing the full MF curve. Although, in a preferred 
embodiment, the representative COF value will be an 
average of the COF values at the start and end points of 
the full MF curve, other forms of statistical calculation 
(involving allora portion of the MF curve) deemed more 
appropriate for the particular application could be used; 

0068 the calculated representative friction parameter 
value is input to the FEA model; and, 

0069 the FEA-model-controlled system produces the 
forming tool. 

0070. In an alternate embodiment, the measuring step may 
occur in advance of the tool manufacturing process for com 
binations of blank materials, tool materials and lubricants 
deemed to be “standard” or likely to be used on a frequent 
basis. The measured friction parameter data for each Such 
'standard’ combination may be stored in a memory and 
retrieved as required and Subsequently processed as above. 
(0071. With knowledge of the MF stage and/or the MF 
stage and boundary, the behavior of the lubricant in the manu 
facturing process is estimated with improved accuracy as the 
representative value is known relative to its position in the MF 
stage as well as how rapidly it may change as it shifts from this 
value clue to the actual process or particular portions of the 
process. Use of an FEA model procedure for initial tool 
geometry or assessing the impact of modified components 
within an FEA model are improved by selecting of the friction 
parameters as outlined above. 
0072. Using an average value of the MF stage is one 
approach but other statistical treatments can he used includ 
ing the data range. For example it may be appropriate to 
discount some of the initial or end values or to use a desired 
weighted average. Knowledge of the MF stage and the pro 
cess can be helpful in the selecting the representative value, 
however the average works well in most applications. 
0073 Knowledge of the MF stage is also of assistance in 
considering possible changes to tooling or the use thereof 
Such as adding a coating layer to a blank (Such as a phosphate 
coating), adding a polyethylene layer, or providing a Surface 
coating on a tool (Such as chromium). These and other pos 
sible changes can be modelled using the new friction param 



US 2016/0048619 A1 

eter data and assessed for improvements in performance in 
advance of actual testing. Another application may be inves 
tigating alternative lubricants, such as a lower cost lubricant 
or a specialty lubricant. 
0074 Referring to FIG. 13, another process for producing 
a forming tool of a particular tool metal to produce parts of a 
particular blank metal using a particular lubricant is shown in 
which the following steps occur: 

0075 one or more tribotests are performed on the 
desired combination of tool material, blank metal and 
lubricant, so as to measure a friction parameter, Such as 
the COF, across at least about the full MF portion of the 
friction curve (“MF curve') for the lubricant. A FMFD 
tribotest is performed several times for such purpose. A 
friction parameter, Such as the COF, is measured across 
at least about the full MF portion of the friction curve 
(“MF curve') for the lubricant. In a preferred embodi 
ment, the FMFD tribotest is performed by a TCT appa 
ratus and the measured friction parameter is the COF, but 
any other friction parameter or FWD tribotest could be 
used; 

0076 the friction parameter data is processed to iden 
tify, and extract the MF curve, preferably the full MF 
curve: 

0077 a test is performed to determine the nature of the 
FEA-model; 

0078 if the FEA-model requires the input only of a 
single representative friction parameter value, the steps 
described above are performed; 

(0079 if the FEA-model requires input of friction 
parameter data in a different format, the friction param 
eter data is processed to match the requirements of the 
FEA-model and the processed friction parameter data 
input to the FEA-model; and, 

0080 the FEA-model-controlled system produces the 
forming tool. 

0081. In an alternate embodiment of the above process, the 
measuring step may occur in advance of the tool manufactur 
ing process for combinations of blank materials, tool materi 
als and lubricants deemed to be “standard” or likely to be used 
on a frequent basis. The measured friction data for each Such 
“standard” combination may be stored in memory and 
retrieved as required and Subsequently processed as above. 
0082 Referring to FIG. 14, a system for producing a form 
ing tool of a particular tool metal to produce parts of a par 
ticular blank metal using a particular lubricant is shown 
which includes the following components: 

I0083) a tribotest apparatus capable of measuring one or 
more friction parameters, such as COF, across at least 
about the full range of the MF stage for desired combi 
nation of tool material, blank metal and lubricant is 
provided. Preferably, the tribotest apparatus is an FMFD 
tribotest apparatus. In a preferred embodiment, the 
FMFD tribotest apparatus is a TCT apparatus to measure 
COF values, but any other FMFD tribotest could be used 
or friction parameter measured; 

I0084) a processor operably linked to the FMFD tribotest 
apparatus to receive measured friction parameter data 
from the FMFD tribotest apparatus. The processor pro 
cesses the friction parameter data to identify and extract 
the “mixed-film portion of the friction curve and to 
match the input requirements of a downstream FEA 
model-controlled tool manufacturing apparatus. In this 
latter respect, the processor may for example calculate a 
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single representative friction parameter value for use in 
an FEA-model requiring the input of a single friction 
parameter value. Although, in a preferred embodiment, a 
representative COF value will be an average of the COF 
values at the start and end points of the full MF curve, 
other forms of statistical processing (involving all or a 
portion of the MF curve) deemed more appropriate for 
the particular application could be used. The processor 
may comprise a general purpose computer programmed 
in a suitable manner or a dedicated processor, and, 

0085 an FEA-model-controlled manufacturing appara 
tus operably linked to the processor to receive processed 
friction parameter data from the processor and to manu 
facture the tool. 

I0086. In an alternate embodiment of the above system, a 
memory may be provided in which to store data generated by 
the tribotest apparatus for combinations of blank materials, 
tool materials and lubricants deemed to be "standard” or 
likely to be used on a frequent basis. In Such case, the pro 
cessor will be capable of controlling the storage and retrieval 
of the measured friction data in/from such memory for each 
Such 'standard combination as required. 
I0087 Friction data across at least about the full range of 
the MF stage measured by one or more tribotests can be 
usefully applied, as described above, in selecting an appro 
priate friction parameter value for input to an FEA-model. It 
is noted that in particular FMFD tribotest-derived friction 
data is generated from contact with a diminishing, non-re 
plenishing film thickness and such a test process corresponds 
well with the actual forming process. Accordingly, it is 
believed that a representative friction parameter calculated in 
accordance with the above, being based on measured friction 
parameter values throughout the full MF stage, will in general 
more reliably and consistently reflect the overall dynamic 
forming process, as compared to the conventional approach 
using a friction parameter from a conventional NLD tribotest, 
thus leading to improved performance of the FEIN model. 
I0088. In addition, unlike the DBS and many other tri 
botests, the TCT can be used with a wide variety of lubricants, 
materials and material thicknesses. 
I0089 Moreover, in future, it is expected that FEA models 
will evolve to incorporate dynamic considerations, such as a 
friction parameter which is a linear or other function of time, 
or film thickness, or a friction parameter which is actually 
measured or sampled across the full range of time or film 
thicknesses including boundary and EP stages. The methods 
and systems of the invention will be available to support such 
future FEA-model enhancements by having the ability to 
deliver accurate dynamic friction parameter data (for 
example as measured in an FMFD tribotest) to be processed 
into suitable dynamic inputs to the FEA-model. 
0090 Data from different segments of a tribotest-mea 
sured friction curve may be extracted to compare lubricant 
performance at various times in the progression of the test to 
lubricant failure. Furthermore a friction curve, particularly 
one derived from an FMFD tribotest, rather than a single 
friction parameter value may improve the ability to predict 
part geometry from the metal forming process because it may 
better reflect the dynamic nature of the metal forming pro 
CCSS, 

0091. In addition, the availability of measured friction 
parameter data as the contact conditions move through the 
full range of the lubrication stages may allow for the better 
design and/or selection of lubricants for the particular form 
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ing process. For example, part geometry could in some cases 
be improved (e.g. to produce sharper details) by increasing 
the force transmitted to the blank at the end of the forming 
cycle. In Such a case, a lubricant having a steep positive slope 
in the MF curve will be much more sensitive than a lubricant 
with a shallow slope. A sensitive lubricant with a steep COF 
slope would be selected to produce a much lower COF at the 
start of the forming cycle and, as that point on the blank moves 
across the addendum towards the tool radius (see FIG. 3), 
rapidly increasing COF values as the process moves toward 
its end, with the effect of generating rapidly increasing stress 
in the formed part and of producing the desired strain pattern 
result. 
0092. As another example, a less sensitive lubricant could 
be desirable in other situations. For example, a lubricant with 
a COF that displays a shallower slope could be used for parts 
that display a tendency to split at the end of the forming cycle. 
A slowly changing COF with a lower COF at the end of the 
cycle could prevent splitting by reducing the stress. 
0093. As another example, lubricant formulators can use 
the friction parameter data from the MF curve to identify 
optimal lubricant additive levels by varying the additive con 
tent and seeing when more additive no longer produces the 
desired effect. 
0094. Application of the friction parameter data to an FEA 
model or to the selection process for metal forming lubricants 
could be further refined by selecting a more conservative 
(lower film thickness) portion of the curve to match the sever 
ity of the forming process. 
0095. The case of obtaining FMFD tribotest-derived fric 
tion data means that more parameters in the metal forming 
process can be explored and that lubricant development time 
can be shortened with the FMFD versus other tribotests. In 
particular knowledge of the range of the MF stage and the 
slope of the MF stage provides assistance in selecting a lubri 
cant and/or assessing whether a particular lubricant is appro 
priate. 
0096. The analysis of the process requirements and the 
selection an appropriate lubricant formulation for a particular 
forming process may be accomplished using a decision-Sup 
port system accessing a knowledge base of relevant data. For 
example, as shown in FIG. 15, measurements of the COF of a 
particular lubricant used in association with particular blank 
and tool materials across the full MF stage may be made in the 
manner described above, such as by using a TCT or other 
FMFD tribotest apparatus. Also as described above, the fric 
tion data is processed to identify the full “mixed-film” portion 
of the friction curve. As set out above, the friction data may be 
thither processed to calculate a single representative COF 
value representing the full MF curve. In addition, however, 
additional processing of the tribotest data may occur to iden 
tify other pertinent parameters. For example, the slope of the 
friction data across the full MF curve or other lubrication 
stages may be calculated. The data as processed may be 
associated with the measured data in a data record. Addition 
ally, other pertinent information associated with the particu 
lar test (such as blank material, blank metal thickness, blank 
Surface coating(s), tool material and Surface treatment, 
assessment information relating to parts produced, compat 
ibility with downstream processes such as welding and paint 
ing) may be associated with the data record as well. The data 
record is then stored in a database. The process may be 
repeated as necessary to cover all desired combinations of 
lubricant, materials and other pertinent parameters. In this 
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manner, a database of relevant friction data is created. Sub 
sequently, a Suitable decision-support system may access the 
database in response to appropriate input of request param 
eters (such as blank metal, blank metal thickness, tool mate 
rial, problems to he avoided) to arrive at the identification of 
a specific lubricant for a particular purpose. 
(0097. The improved selection of a COF or other friction 
parameter for use in a FEA model procedure has been prima 
rily described with respect to improvements associated with 
initial tool geometry. This is perhaps the most common use of 
the FEA model procedure but there are other variations of the 
FEA model that can advantageously use the improved COF 
selection. For example the FEA model for a known tool 
geometry can be used to predict the part shape if a different 
blank material and/or lubricant were desired in order to opti 
mize production. The predicted part shape could then be 
compared to the original part shape to determine whetherit is 
within a specified tolerance. 
(0098. The computer-aided model, preferably a FEA 
model can also be used in the known manner with respect to 
blank shape optimization and the initial determination of a 
developed blank. Other known investigations can be 
improved by using the friction parameter (coefficient of fric 
tion) representative of the MF stage lubricant characteristics. 
All of these improvements and variations are included in the 
present invention. 
(0099. The detailed description has described the use of 
databases and the use of computer aided design software and 
other computer systems appropriately modified to utilize or 
access friction parameters associated with the mixed film 
stage of lubricants for specific metal forming procedures. 
These computer programs and databases in computer execut 
able form are stored on a storage means (such as hard drive, 
USB key, DC, DVD or other storage device) for access and 
use in the intended manner. 
0100 Although various preferred embodiments of the 
present invention have been described herein in detail, it will 
be appreciated by those skilled in the art that variations may 
be made thereto without departing from the claimed inven 
tion. 

1. In a computer-aided design model procedure specific to 
the production of a metal-based part from a metal-based 
blank in an intended metal forming operation that uses a 
lubricant and tooling of a geometry for producing the metal 
based part, 

the improvement comprising determining afriction param 
eter representative of the mixed film stage of the lubri 
cant as used with materials of the tooling and blank 
materials and using said determined friction parameter 
in said computer aided design procedure. 

2. In a computer-aided design model procedure as claimed 
in claim 1 including using the computer-aided design proce 
dure to generate initial tooling geometry for manufacture of 
the metal-based part. 

3. In a computer-aided design model procedure as claimed 
in claim 1 wherein the computer-aided design procedure is 
used with known generated initial tooling geometry and said 
determined friction parameter and said computer-aided 
design model is used to investigate and/or optimize initial 
blank material geometry. 

4. In a computer-aided design model procedure as claimed 
in claim 1 wherein the computer-aided design procedure is 
used with known generated initial tool geometry said com 
puter-aided design procedure is used to investigate a change 
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in blank material and an associated change in the determined 
friction parameter and assess whether the metal-based part of 
the new blank material intended to be produced by the metal 
forming operation will be within an accepted tolerance. 

5. In a computer-aided design procedure as claimed in 
claim 1 wherein said determined friction parameter is a coef 
ficient of friction (COF) representative of both said mixed 
film stage and a boundary stage of the lubricant as used in the 
computer-aided design procedure. 

6. In a computer-aided design procedure as claimed in 
claim 1 wherein said computer-aided design procedure is a 
finite element analysis model procedure. 

7. A method of generating initial tool geometry of a tool 
used in a metal forming operation for producing a metal 
based part from a metal-based blank, 

said method comprising using a computer aided design 
procedure specific to the particular metal part and a 
lubricant to be used in the metal forming operation, 

Selecting computer aided design input information includ 
ing a tool material, a blank material and the lubricant 
having at least one assigned frictional property associ 
ated with the tool and blank material; 

generating an initial tool geometry for producing the par 
ticular metal part using said computer aided design input 
information in combination with said computer aided 
design procedure; and wherein 

said at least one assigned frictional property is derived 
based on investigation and quantification of frictional 
properties of at least a mixed film stage of the lubricant. 

8. A method as claimed in claim 7 wherein said computer 
aided design procedure is a finite element analysis design 
procedure. 

9. A method as claimed in claim 7 wherein said at least one 
assigned frictional property is a coefficient of friction repre 
sentative of the mixed film range of the lubricant. 

10. A method as claimed in claim 7 wherein said investi 
gation and quantification of said at least one frictional prop 
erty includes investigation and quantification of boundary 
conditions of the lubricant. 

11. A method as claimed in claim 7 wherein said at least 
one assigned frictional property is at least two frictional prop 
erties and said finite element analysis uses said at least two 
frictional properties to provide improved correlation between 
estimated performance of the tool geometry based on the 
finite element analysis and actual tool performance as used in 
the metal forming operation. 

12. A computer aided design method for producing a tool 
for forming a specific part from a metal blank material in a 
metal forming operation that uses a lubricant, 

said method comprising 
providing computer aided design input information includ 

ing a tool material specification, a blank material speci 
fication and at least one frictional property of the lubri 
cant associated with the tool and blank material; 

generating an initial tool geometry for producing the par 
ticular metal part using said computer aided design input 
information in combination with a computer aided 
design procedure; 

using said generated initial tool geometry and the tool 
material specification to produce the tool; and wherein 
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said at least one frictional property is based on an assess 
ment of the mixed film regime of the lubricant. 

13. A method as claimed in claim 12 wherein said at least 
one assigned frictional property is a coefficient of friction 
representative of the mixed film range of the lubricant. 

14. A method as claimed in claim 12 wherein said investi 
gation and quantification of said at least one frictional prop 
erty includes investigation and quantification of boundary 
conditions of the lubricant that are included in the mixed film 
range of the lubricant. 

15. A method as claimed in claim 12 wherein said at least 
one assigned frictional property is at least two frictional prop 
erties and said computer aided design procedure is a finite 
element analysis procedure, said finite element analysis pro 
cedure uses said at least two frictional properties to provide 
improved correlation between estimated performance of the 
tool geometry based on the finite element analysis procedure 
and actual tool performance as used in the metal forming 
operation. 

16. A system for generating a metal forming tool compris 
ing 

a computer aided design software system operating on a 
computer and including a friction. parameter known to 
be representative of at least a mixed film stage of a 
lubricant specified for a manufacturing process that uses 
the metal forming tool of a specific material to produce 
a product from a metal based blankofa specific material, 
said computer aided design Software utilizing the fric 
tion parameter determined by the lubricant, the specific 
tool material and the specific material of the metal based 
blank to generate initial geometry of the metal forming 
tool; and 

an automated system that utilizes the initial geometry of 
the metal forming tool to generate the tool of the known 
material. 

17. A system as claimed in claim 16 including test equip 
ment for determining frictional characteristics of the lubri 
cant with respect to the specific material of the metal forming 
tool and the specific material of the metal based blank where 
said test equipment provides detailed information of the 
mixed film stage and the range of the mixed film stage, and a 
statistical based processor that based on said detailed infor 
mation generates said friction parameter used in said com 
puter aided design Software system. 

18. A system as claimed in claim 17 wherein said computer 
aided design software system utilizes a finite element analysis 
procedure to generate said initial metal forming tool geom 
etry. 

19. A system as claimed in claim 16 wherein said friction 
parameter is approximately an average value of the mixed 
film range of the lubricant. 

20. A system as claimed in claim 16 wherein said friction 
parameter is statistically determined to be representative of 
the mixed film range of the lubricant or the mixed film range 
of the lubricant extended to include the boundary stage asso 
ciated with the mixed film range or representative of the 
mixed film stage of the lubricant or the mixed film stage and 
boundary stage of the lubricant. 
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