
 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

MA IN LIBRARY 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

own no it Il"Irrll1Til1.rt to 

to to rll1'r,rni!"!1 

in or In 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

el"l' .... ""'l"Ime 

me c::nrn",1nirI0' to 

to 

lam. 

to 

or I can .... "', ......... ,In .. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

• 

access to 

• in 

• 

• 

• 

-0 

o 

Is not bO~i'Sibire. it us 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is one 

is 

.'-1,,:1.""' .... to a 1'I",,=rra.A a 

were 

were as measurement 

It"n~'O::O::':><:: were Int"nrrl'l't"i" 

so 

I'Y2t't'Ar'n to 

strain 

avenue was not 

a 

v 



Univ
ers

ity
 of

 C
ap

e T
ow

n

correct m~,f""'Ir-i~1 

it 

a 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

\CJmCIWled·.g··e··lD···e·· n··ts························· .. ························ ........................................................ . 

.............................................................................................................................. v 

l"'lOme:DCl:atll1re····:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

1 

2 

3 

4 

1.3 
1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5 "", " 
.... ll ........... ,u\JU ................................. , ................................. .. 

6 

7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

8 

progralm to .create 



Univ
ers

ity
 of

 C
ap

e T
ow

n

x 



Univ
ers

ity
 of

 C
ap

e T
ow

n

centre 

B 

mass n"I-::I1rrlV 

a "",..., ..... "'..... vector 

d rest)ect to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

reSI)ectto 

E 

L 

stress 

0" stress 

P at 

p 

t 

in 

J.1 

v ratio 

V 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

1.1 

to 

can 

In 

norm ,..,." ... ,,"" ... 

some 

to 

to 

in 

or 

1TlI'Ilmn,rc: at 

to run 

1"10",."111,,, 10 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

a 

a 

1 

1 

a 

is \.I, ............... 'u. 

to 

Int1 .. rf'~v".n at 

fnr,mlrlCl' .... ,~nr<>C"C" at 

are 

to 

is 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

in 

rel:iil:n,e success 

macros 

3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 

In 1"1"I."nr"V 

as 

can 

is ,..",., .. ,.,,1"1 

is 

toa 

rrunnl,,"Y structure is <7 .... ",1"11", 

4 



Univ
ers

ity
 of

 C
ap

e T
ow

n

M(')WEJ.'VEJ. .. if a 

a 

to 

a 

vn .... UIn as 

as 

"Ip'm~'nt' uses ......... , ......... u, to "' .... ,,, ..... v;."""1· .. 

or .nrnn.lI" are maDDE!a 

5 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are 

is Imlm!:',t'I at to a 

nrl'\hl'PI'l'1C:; jl'.vn'IVll"1lilt contact 

is 

an 

caICUI:a.tI(>nS are 

can seen tii,,'rr':WG momentum eQluat:lOT1S 

dis 

eQluatiorlS are 

'lNrlff!"n in terms a vector r. 

r ) 

6 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 

r ) is a B isa 

In case, B is a 

are "'Ia,ohr..,. ..... ealla!l!onS in to 

eQllatlc:>ns is nnll*~dlv 

is "'''''-'v",''' a 

3 

terms is to 

If",,,,,,,,,,,, In 

review 7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

+ 
'" 

severe extreme un ••• 111" ..... 

IinE!-SE!arc:hirl2 or 

contact tii'l:t"nnt'lnl are an 

reasons, ':IItt'''",lnt'iincr 

) s 

8 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Is an is ~""t''''''IM,1''I 

1"I1~,~rOlro momentum 

most rrUTlmlnn!IV 

can 

IVI"' ..... ,.. .... is 

acc:ele:ration in terms 

2 to nrl'\vif1lp an 1"1",,'1 ... 1 ...... new 

as 

), 6 

is ",v,,,,r,,,,c,,...:,1"1 as: 

9 



Univ
ers

ity
 of

 C
ap

e T
ow

n
term 

momentum eOluat:lorls is 

one 

) 

Nl<1!U"il'ln to 

rnnl'lii1-i .... n at 

CICl,selit master 

If contact occurs De1YfElen 

7 

8 

in 



Univ
ers

ity
 of

 C
ap

e T
ow

n

master to measures 

contact occurs are 

contact 

to at 

9 

In some sort apl)IIE!O to 

in 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n
numerous 

contact 

occurs an aDIOIIE!CI a on 

in 

a are ext)ected to 

15 

can react in 

on even a set 



Univ
ers

ity
 of

 C
ap

e T
ow

n

In aClclltlcm rnt',l'IdliliCi: are 

over a ............. "' ... 

a 

more 

Inrt"lrnrl::llTllnn is av.it.13l0Ie ...... "' .. tili ..... 

is 

in 

occurs. 

not 

Elastic recovery after 

E 

Strain 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I. 

8 

3. 

rate 

can Inil"lI»I"V:U to 1"lI1"1'\VII'I" 

to nA'''tnt'A an in1'",.rn-:ll set 

is in 

sO <=> 1 0 

o Q 1:2:0 

o 

is 

continuance 

rate is 

+ 

is not. 

InN'inn is a 

12 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

i (J',q) 13 

i is rate is vector 

is 

,., ... t.n".'" in terms a .nrt'inn h. 

14 

associatl',e or 

structure 

a more rnrnnr·p.n,pnO::JVp. 

treatment 

at 

DOs.Slble to 

review 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is 

time; 15 

E is pis 

I mm. 

inrl"'prnprlT is 

is to over one 

is it 

one 

I. If 

If 

inu'oduCEld into I.-:.lcl ..... r • ., if aim 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is to rnl"'l"",.rTliV nll"A .... lirr on 

o 
are 

in some 

areas 

rnll"l"""I~Tiinn in versus djs:pl~lce 

1 

occur are 

area not exact 

or 



Univ
ers

ity
 of

 C
ap

e T
ow

n

n .... ,rT::IIl'uto 

to 

can to .......... ,1'1 .. , ""riinvlincr 

In "' ..... ",../" .... 

one 

is 

2 

to n;:>lr'tnrrn an an on 

not nrt"\vi,fiil"1,cr 

rI;:>,ar",," to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3 

tnr'rni,na DrC)CE:SSE$ is """r·ru'.11 out 

are 

not 

to extra 



Univ
ers

ity
 of

 C
ap

e T
ow

n

tArmlrlO' .... ,,, .... ,."',,,, is to 

is to to 

out 

"' .... , ........ '" commences. 

is to 

1<:::l"Inu./n in in I) is 

as 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Stage 1 Stage 2 Stage J 

Figure 3.1 : The Three Stages of Simple Two dimensional forming 

3.3 Initial state 

The initial state Is characterised by the initial positions of the various 

components necessary for a numerical simulation. It may be necessary to 

-apply velocities to the components to move them into the desired positions. 

necessary for the simulation. It is also during this state that boundary 

conditions are applied to the tooling. Typical boundary conditions allow for 

translation in only one direction and possibly also symmetry of the 

workpiece. 

3.4 Contact 

Contact is declared between the various surfaces necessary to simulate the 

physical process. Friction properties for the contact condition are typically 

assumed values unless accurate friction data is available. 

3.5 Movement of tooling 

The tools are moved by applying velocity boundary conditions. If the 

boundary conditions are applied as displacements. then the energy necessary 

to move the tooling may be applied by the FEA code in a discontinuous 

Finite Element Simulation relating to Forming 21 
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manner. This is evident as acceleration spikes applied to the tooling. If the 

purpose of the simulation is to acquire punch loading data, then the 

acceleration spikes will be manifest in this data too, possibly to the exclusion 

. of any useful punch force load information. 

3.6 Forming limit diagrams 

Once the forming simulation is complete, the results can be examined. 

Often however, the most important criteria for the designer are the finished 

part quality and manufacturability. While quality can be measured direcdy 

from the simulation, In terms of areas of wrinkling, or thinning, the Issue of 

manufacturability is not so easily measured. It Is difficult to tell if a part will 

tear during the forming process, since finite element failure models are not 

built into the simulation. In practice, an experimentally determined failure 

diagram (Forming Umit Oiagram or FLO) is created using principle strains 

until failure, and the theoretical results are overlaid onto this diagram~ An 

example diagram Is seen In Figure 3.2. 

Major Strain 

Failure Limit line 

Necking Limit line 

Numerically predicted 
strain path 

o Minor Strain 

Figure 3.2 : Example Forming Limit Diagram with strain path overlay 

Finite Element Simulation relating to Forming 22 
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" If the theoretical results are within the failure area on the diagram, then the 

part is assumed to fail during manufacture, and the designer must attempt 

some other method of producing the part, possibly by modifying the tooling 

geometry. 

Finite Element Simulation relating to Forming 23 
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Michigan Experimental Facilities 

4.1 Introduction 

r:. A calibrated flywheel press was made available at the University of Michigan's 
~ 

Stamping Laboratory by Professor Jack Hu. The press allows for binder 

force control via a hydraulic pressure monitoring and feedback system. The 

press operates in one of two speed modes, namely either 12 or 18 strokes 

per minute. A picture .of the press prior to Instrumentation is shown below 

in Figure 4.1. 

Instrumentation 

It is important to note that the experiments were performed in the United 

States of America and all results were obtained in imperial units. These, 

together with the SI equivalent are reflected in this document. 

Experimental Work 24 
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4.2 Press 

The press is shown in Its fully instrumented state in Figure 4.2. The 

Instrumentation is capable of recording binder pressure, punch force and 

displacement and the forces on the press frame. 

Control of the binder pressure Is provided via a feedback mechanism which 

allows binder pressure control in increments of 500 psi (3.45 MPa). The 

binder pressure is supplied via 8 hydraulic cylinders each equipped with a 

load cell to enable the feedback force to be monitored. 

The tooling is placed inside the press, and secured via a bolted arrangement, 

with the die attached to the lower half of the Press. 

4.3 Press safety 

The Press :s Instrumented with a laser curtain around It. This prevents the 

press from operating if anyone is too close to the press during operation. 

Experimental Work 25 
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The time scale in Figure 4.5 is measured from when timing 

commenced, and thus the start of timing is arbitrary relative to the 

point when the forming stroke commences. Data is sampled 100 

times per second, and a lot of scatter can be seen prior to the stroke 

commencement. 

D Experimentaldata Old data -Displacement curve fit 

y = 0.0181x' - 0.4723'( + 4.70431 - 22 .241x' + 50.701x'-51.504x+ 24.353 

9.-----------,-------,-------------------~ 

8~~~------~------+---------------~~n 

7+---~~----~------,-------------~ 

6+-----~~--4-------+-----------~~----~ 

'iii 
.! 
~5+-------~~4-------+---------~~------~ 
1: • E 
~4+---------~rl-------~------~~--------~ 
Q. 
.!II 

c3+===========~==~--+_------~----------~ 

2+_----------rl_~----+_----#_------------~ 

O+_------~--~~----~~------~------~~ 

1.80 2.80 3.80 4.80 

TIme (sec) 

5.80 6.80 

Figure 4.5 : Displacement vs. Time Data for Experiments 

At a time point of approximately 3 seconds (corresponding to 

roughly 3 inches [75 mm] punch travel), the transducer used to 

measure the stroke stops functioning correctly. From this point on, 
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5.7 Scan blank shape 

The blanks were laser cut steel sheet, either 0.6 or 0.8 mm thick and are 

shown in Figure 5.3. After the blank's were laser cut, a grid pattern was acid 

etched onto the steel to enable strain measurements to be taken after 

forming. The shape of the blank was determined by a prior PhD student 

using LS-DYNA in an attempt at creating a perfect shaped blank. 

The spacing of the rectangular pattern is approximately 9 mm, and the 

thickness of the lines is approximately I mm. This implies that a resolution 

of the line thickness corresponds to approximately I I % strain. 

Figure 5.3 : Laser cut blank with acid etched rectangular pattern 

For a deep drawn part, with strain's up to 20%, the possible measured results 

using the resolution of the line thickness are 0%, 10% and 20% strain. This is 

Preparation for Numerical Simulation 38 
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not a large variation, and correlation with theoretical results is dubious. For 

example, a region of the part with theoretical strains of 20 to 25% would 

correspond to a measured strain of 20%. Indeed, If the maJority of the part 

showed variations in strain of only 10%, the measured strains would be one 

of two values which bracketed the actual strain value. Although there may 

be a correlation between experimental and theoretical results on a macro 

scale, the resolution is too . low to draw meaningful conclusions. 

5.8 SolidWorks solid model 

The final SolidWorks solid geometry for the die tool is shown In Figure 5.4. 

The inner radius is shown in red. The edge shown in green is the edge used 

to create the inner limit of the binder geometry. This edge marks the limit 

of the Inside surface of the binder which comes into contact with the blank. 

Figure 5.4 : Final solid geometry for the Die Tool 
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6.3.4 Punch acceleration vs. time profile 

Given that the punch velocity vs. time profile is linear, the 

deceleration of the punch will be constant. 

6.4 Experimental groupings 

The experiments are broken up into natural grouping by material thickness, 

and then by binder pressure. This is illustrated in the table below by colour 

groupings. 

Table 6.1 : Experimental groupings colour coded 

The experiments shown In Table 6.1 correspond to a broad variation of 

parameters along with repetition of various experiments for experimental 

result repeatability. 

For example; from the table above; it can be seen that Experiments 4, 5 and 

6 are all at 1000 psi (6.9 MPa) binder pressure with a 0.8 mm thick blank, 
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while experiment 3 is a 0.6 mm thick blank at 1000 psi (6.9 MPa) binder 

pressure. 

6.5 Punch force 

With the absence of displacement information to point to the start and end 

of the forming stroke, one must rely on the sUdden increase in the reaction 

force on the punch as an indication of the start of the forming operation. 

This is not completely correct, as there Is a slight delay from the moment of 

contact, until the reaction force on the punch rises. However, this delay 

results in a small shift in the data on the horizontal (time) axis, and does not 

affect the peak punch force, which Is normally the object of interest within a 

simulation. 

There is a tendency within the literature to measure punch force vs. 

displacement, since this measure is then devoid of time, and both 

experimental and simulation data may be presented on the same set of axes. 

This approach has been following in this work. 

6.5.1 Experimental repeatability 

In order to compare the experimental results with simulation, the 

first concern is that the experimental results are repeatable. In light 

of this, various experiments were repeated. 

Experiments 3, 4, 5 and 6 were compared to each other. This is 

shown in Figure 6.5 below. As can be seen from the figure, the 

experimental results are almost exacdy the same, even though 

Correlation of Simulation with Experiments 52 
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experiment 3 was conducted at a press speed of 12 strokes per 

minute (SPM), and experiments 4, 5, and 6 were conducted at 18 

SPM. This indicates that the material is not rate-sensitive over the 

limited forming speeds available on the Press. 
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Figure 6.5: Exgerimental Repeatability - 1000 psi BHF and 0.6 mm THK 

This process was repeated for the 0.6 mm thick blank material, In 

order to ascertain that the Press could cope with both the thick 

material, as well as the thinner material In a consistent manner. This 

is shown in Figure 6.6. 
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Figure 6.6 : Experimental Repeatability - 2000 psi BHF and 0.8 mm THK 

As can be seen from the figures, the experimental results are 

repeatable with differences in the order of less than 5% in the area of 

peak punch force. 

Once the experimental results have been verified reproducible, the 

next objective is to determine the friction coefficient. 
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6.5.2 Variations in friction coefficient 

The friction model Is a simple Coulomb law, and the friction 

coefficient was varied between 0.001 (0.1 %) and 30 percent. This Is 

seen below in Figure 6.7. 
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Displacement (m) 

Figure 6.7: Variations in friction percentage for Exgeriment 9 

A search of the available literature indicated that a well lubricated 

steel forming process has a friction value of less than 15%. This Is 

evidenced in the above figure, as the friction value appears to lie 

between 5.0 and 7.5 percent. 
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This can be easily demonstrated by changing the value of the friction 

co-efficient to 6% and comparing the ABAQUS results to the 

experimental results for Experiment 9. This is shown below in Figure 

6.8 
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Figure 6.8 : Experiment 9 with friction coefficient set to 6% 

The variation in friction values was repeated for Experiment 3 which 

uses the O.6mm thick blank. 
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Figure 6.9 : Variation in friction percentaBe for Expt!riment 3 

However, it is noted that the appropriate friction coefficient is 17.5%. 

Since it is expected that not only should the friction value be the 

same for both sets of experiments, but also that the friction value 

should be under 10%, it was concluded that the supplied material flow 

curve for 0.6mm material Is Incorrect. 

6.6 Binder load 

The binder ,:ylinder pressure along with the feedback load on each of the 

eight binder cylinders was monitored. 
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6,6, 1 Binder cylinder pressure 
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The cylinder pressure data is converted from volts to psi, but this 

information cannot be used to determine the binder force without 

knowledge of the piston geometry. However, it is of interest that the 

hydraulic cylinder pressure is stable, and this is shown In Figure 6.10 

below. 

0.2 0.4 0.6 

Time (5) 

0.8 1 1.2 

Figure 6.1 0 : Binder Cylinder Pressure stability 

• Exp 4 

+Exp8 

• Exp 12 

6 Exp 15 

Experiment 4 shows less data points since It corresponds to an 18 

SPM cycle, while the other three experiments correspond to 12 SPM 

cycles. experiment 12 shows fluctuations In the pressure, and this 

was evidenced by a large amount of vibration on the Press during the 

forming process. 
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6.6.2 Binder cylinder feedback 
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Since excessive vibration in the binder cylinder pressure may affect 

the final shape of the formed part. the feedback on the binder 

cylinders was examined in more detail. The feedback for Experiment 

9 is shown below. 

0.2 0.4 0.6 
Time (5) 

0.8 1.2 

-+-CyUnder 1 

---Cylinder 2 

Cylinder 3 

~Cylinder4 

~Cylinder5 

-Cyfinder6 

-+- Cylinder 7 

--Cylinder 8 

Figure 6.1 1 : Feedback Force on Binder Cylinders for Experiment 9 

The feedback force was also used to determine the load to be applied 

to the binder in the ABAQUS simulations. This was done by 

summing the average feedback load over the forming process for all 

eight cylinders and then converting it from volts to tons using the 

scaling factors. 
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Figure 6.12 : Feedback Force on Binder Cylinders for Experiment 9 

The results shown in the above figure are typical. Cylinders 5 and 8 

show large fluctuations in load. It is unknown what causes this. This 

is better evidenced if the vertical axis is cropped to show only the 

section across which data occurs as is shown below In Figure 6.12. 

6.7 Drawn-in shape 

The resultant experimental formed pieces were photographed, and their 

outlines were scaled ·and superimposed about their centres to determine the 

difference in final shape for experimental groupings of the same parameters. 

This is shown in the figure below. 
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Figure 6.13 : Part outline for Experiments 3. 4. 5 and 6 

As can be seen, the oudines correlate well for the experimental results, but 

the ABAQUS results are different. However It Is suspected that this may be 

due to material anisotropy which was not modeled in the simulation. The 

Figure above Is for Experiments 3, 4, S, 6 which contains both 12 and 18 SPM 

forming operations for 0.8 mm thick material. The ABAQUS result shown 

above was obtained for a friction coefficient of 6%, for which the punch force 

corresponds well with experiment. 
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University of Cape Town

Appendix B - Raw Experimental data sample 

Raw data file (first 10 lines) 
First line is the number of samples per second (ie: 1 ~O/sec). 

100.000 
8.101 0.879 0.000 0.000 -0.005 0.376 0.322 0.337 0.337 0.459 0.352 0.337 0.396 
8.125 0.898 -0.005 0.000 . -0.005 0.361 0.308 0.352 0.303 0.459 0.356 0.337 0.386 
8.594 0.889 0.000 0.000 -0.005 0.376 0.317 0.317 0.288 0.459 0.356 0.337 0.376 
8;564 0.894 -0.005 0.000 -0.005 0.376 0.317 0.303 0.278 0.469 0.361 0.342 0.376 
8.569 0.864 -0.005 -0.005 -0.005 0.376 0.317 0.283 0.278 0.474 0.352 0.337 0.376 
8.271 0.889 -0.005 -0.005 -0.005 0.376 0.322 0.2880.293 0.469 0.352 0.337 0.391 
7.881 0.884 -0.005 0.000 -0.010 0.381 0.322 0.308 0.347 0.454 0.352 0.342 0.396 
8.242 0.869 -0.005 -0.005 -0.005 0.371 0.327 0.347 0.361 0.439 0.352 0.332 0.386 
8.076 0.889 -0.005 0.000 -0.005 0.371 0.322 0.342 0.356 0.449 0.352 0.337 0.376 
8.101 0.898 0.000 0.000 -0.005 0.371 0.327 0.322 0.322 0.464 0.361 0.337 0.376 
8.418 0.879 -0.005 -0.005 -0.005 0.376 0.322 0.303 0.298 0.474 0.361 0.342 0.376 

Data headin~ 

'Cylinder Pressti(e~ ,. 'Lo8dlLeft " ,~ __ .. f! .~~ I.£lSln I .vnnnf'!1'" I }I. .. 

Volts Volts Volts 
~------------~----------~-----

Conversion factors are applied by the macro in Appendix C 

Bl 
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Appendix C - Visual Basic Macro to Process Data 

Sub ProcessData() 

, Macro to proces s raw data files. 

-' variabl e s 
experi = 6 
speedS = "IS" 

' . experiment number 
, SPM <-- CAVEAT EMPTOR: make this 12 or IS 

I ___________ _ __ _ _ ______________ _ ____ _ __ _ _______ _ __ ___ __ _ __ ___ __ __ _ _ _ _ _ _ _ __ __ ____ _ 

- filen$ .= "richO" & Trim(Str(experi)) 
outputfile$ = "exp" & Trim(Str(experi)) & ".xls" 

, filter ing vars 
before = 4 
after = S 

' open f ile · 
ChDir "D:\umich\data\raw" 
fileS = filen$ + ".TXT" 
Sheetname$ - Left$ (file$, (Len(file$) - 4)) 
tmp$ = "D:\umich\data\raw\" & fileS 
Workbooks.OpenText Filename:=tmp$, Origin:= 

xlWindows, StartRow:=l, DataType:=xlDelimited, TextQualifier:= 
xlDoubleQuote, ConsecutiveDelimiter:=True, Tab:=True, Semicolon:=True, 
Comma:=True, Space:=True, other:=False, FieldInfo:=Array(Array(l, 1), 
Array(2, 1), Array(3, 1), Array(4, 1), Array(5, 1), Array(6, 1), Array(7, 

1), Array(S, 1), 
Array(9, 1), Array(10, 1), Array(11, 1), Array(12, 1), Array(13, 1)), 
TrailingMinusNumbers:=True 

Selection.ClearContents 
Windows (file$) .Activate 

, debug stuff 
HsgBox (Sheetname$) 

-' Remove e xtra data 

, calc end first 
duh$ = Selection.SpecialCells(xlCellTypeLastCell).Address(False, False) 
x = Val (Right (duh$, Len (duh$) - 1)) 

, c heck for it going above 0.02 
, this is the sta r t of the stroke 

maxi = 0.02 
For y = 1 To x 

curr ~ Cells(y, 5).Value 
If (curr > maxi) Then 

ymax = y 
Exit For 

End If 
Next y 

startpt = ymax - before 
, now chec k for t he end 
, we want t he ma ximum poi nt + a bit 

mini = 0 
For y = ymax To x 

curr = Cells(y, 5) .Value 
If (curr < mini) Then 

ymax = y + 1 
Exit For 

End If 
Next y 

endpt - ymax - after 
, select a nd delete before and a fter 
, last pa rt first 
z$ = Trim(Str(endpt)) & ":" & Trim(Str(x)) 
Rows(z$).Delete Shift:=xlUp 
z$ = "2:" & Trim(Str(startpt)) 
Rows (z$) .Delete Shift:=xlUp 

-' Create Headi ngs , - -- -- - --- - -- ------ -- - - --- - - -- - --- -- ----- -- - --- - -- - - --- - -- - - ----- -- - --- ---------- -
Range("A1").FormulaR1C1 = "Punch Position" 

Range("B1").FormulaRlCl = "Cylinder Pressure" 

Cl 
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Range("Cl") . FormulaRICl 
Range("Dl") . FormulaRICI 
Range("EI").FormulaRICI 
Range ("FI") . FormulaRICI 
Range ("GI") . Formu.laRICI 
Range("Hl").FormulaRICI 
Range("Il").FormulaRlCl 
Range("Jl") . FormulaRlCl 
Range("Kl") . FormulaRlCl 
Range("Ll").FormulaRlCl 
Range("Ml") . FormulaRlCl 

, Create and order sheet s 

"Load/Left" 
"Load/Right" 
"Load/Punch" 
"Load/Cylinderl" 
"Load/Cylinder2" 
"Load/Cylinder3" 
"Load/Cylinder4" 
"Load/CylinderS" 
"Load/Cylinder6" 
"Load/Cylinder?" 
"Load/CylinderS" 

Sheets (SheetnameS) .Name = "Raw Data" 
Sheets.Add 
Sheets("Sheetl") . Name 
Sheets.Add 
Sheets("Sheet2") . Name 
Sheets.Add 
Sheets("Sheet3") . Name 
Sheets.Add 
Sheets("Sheet4") . Name 
Sheets.Add 
Sheets("SheetS").Name 
Sheets . Add 

"Displacement" 

"Punch Force" 

"Binder Pressure" 

"Binder Load Cells" 

"Load Left" 

Sheets("Sheet6") . Name "Load Right" 
Sheets("Punch Force").Move before:=Sheets(l) 
Sheets ("Raw Data").Move before:=Sheets(l) 
Sheets ("Load Right").Move before:=Sheets(S) 

, Copy data to s hee t s 

Sheets ("Raw Data") .Select 
Columns("E:E").Select 
Selection. Copy 
Sheets ("Punch Force").Select 
Range("CI") . Select 
ActiveSheet.Paste 
Call writedisp(speedS) 
Sheets ("Raw Data") .Select 
Columns("C:C").Select 
Application . CutCopyMode = False 
Selection. Copy 
Sheets("Load Left").Select 
ActiveSheet.Paste 
Sheets ("Raw Data").Select 
Columns("D:D").Select 
Application.CutCopyMode = False 
Selection. Copy 
Sheets ("Load Right").Select 
ActiveSheet.Paste 
Sheets ("Raw Data").Select 
Columns ("B:B") .Select 
Application.CutCopyMode = False 
Selection. Copy 
Sheets("Binder Pressure").Select 
Application.CutCopyMode = False 
Sheets("Binder Pressure") .Move before:=Sheets(S) 
Sheets ("Raw Data") .Select 
Selection.Copy 
Sheets("Binder Pressure").Select 
ActiveSheet.Paste 
Sheets ("Raw Data").Select 
Range("AI").Select 
Application.CutCopyMode = False 
Sheets ("Punch Force") .Select 

Punch force sheec 

C2 
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Range("El") . FormulaRlCl ~ "slope" 
Range("Fl").Value = 9.638554217 pre-cal c ' ed average va lue 
Range ("D2") .Select 
ActiveCell.FormulaRICI = "=RC[-1]*RIC6*9810" 
Range("D2") .Select 
Selection. Copy 
tmp$ = "D3:D" & Trim(Str(endpt - startpt» 
Range(tmp$).Select 
ActiveSheet.Paste 
Range("Al") .Select 
Application.CutCopyMode False 

, ca l c range si ze 
If (speed$ = 12) Then 

t 106 
Else 

t 63 
End If 

, add chart 
Charts.Add 
ActiveChart.ChartType = xlXYScatterSmooth 
ActiveChart.SetSourceData Source:=Sheets("Punch Force").Range("Al:FI22"), 

PlotBy:=xlColumns 
ActiveChart.SeriesCollection(l) .Delete 
ActiveChart.SeriesCollection~I).Delete 
ActiveChart.SeriesCollection(l) .Delete 
ActiveChart.SeriesCollection(l).Delete 
ActiveChart.SeriesCollection(l).Delete 
ActiveChart.SeriesCollection(l) .Delete 
ActiveChart.SeriesCollection.NewSeries 
tmp$ = "B2:B" + Trim(Str(t + 1)1 
ActiveChart.SeriesCollection(l).XValues Worksheets ("Punch 

Force") . Range (tmp$) 
tmp$ = "D2:D" + Trim(Str(t + 1» 
ActiveChart.SeriesCollection(I).Values = Worksheets ("Punch Force").Range(tmp$) 
ActiveChart.Location Where:=xlLocationAsObject, Name:="Punch Force" 

(m)" 

With ActiveChart 
.HasTitle a False 
. Axes (xlCategory, xlPrimary).HasTitle = True 
.Axes(xlCategory, xlPrimary).AxisTitle.Characters.Text 

.Axes(xlValue, xlPrimary).HasTitle a True 

.Axes(xlValue, xlPrimary).AxisTitle.Characters.Text 
End With 
ActiveChart.HasLegend = False 
ActiveSheet.Shapes("Chart 1") . IncrementLeft 1811 
ActiveSheet.Shapes("Chart l").IncrementTop -954.75 

"Displacement 

"Punch Load (N)" 

ActiveSheet.Shapes("Chart l").ScaleWidth 1.02, msoFalse, msoScaleFromTopLeft 
ActiveSheet. Shapes ("Chart 1"). S.caleHeight 1 . 91, msoFalse, msoScaleFromTopLeft 
ActiveChart. PlotArea. Select 
With Selection. Border 

.Weight = xlThin 

.LineStyle = xlNone 
End With 
Selection. Interior.ColorIndex xlNone 
ActiveChart.ChartArea.Select 
ActiveWindow.Visible = False 
Windows(file$).Activate 
Range("E13").Select 
ActiveSheet.ChartObjects("Chart 1") .Activate 
ActiveChart.ChartArea.Select 
With Selection. Border 

.weight - 2 

.LineStyle = 0 
End with 
Selection.Interior.ColorIndex ~ xlAutomatic 
Sheets("Punch Force") . DrawingObjects ("Chart 1").RoundedCorners 
Sheets("Punch Force") . DrawingObjects ("Chart 1").Shadow - False 
ActiveChart. PlotArea. Select 
With Selection. Border 

.Weight = xlThin 

.LineStyle = xlAutomatic 
End with 
Selection . Interior.ColorIndex = xlNone 
ActiveChart.ChartArea.Select 
ActiveChart.Axes(xlValue).Select 
with ActiveChart.Axes (xlValue) 

.MinimumScaleIsAuto = True 

False 
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.MaximumScaleIsAuto = True 

.MinorUnitIsAuto = True 

.MajorUnitIsAuto = True 

.Crosses = xlAutomatic 

.ReversePlotOrder = False 

.ScaleType = xlLinear 

.DisplayUnit = xlThousands 

.HasOisplayUnitLabel = False 
End With 
Ac tiveChart.Axes(xlValue) .AxisTitle.Select 
Selection.Characters.Text = "Punch Load (kN)" 
Selection.AutoScaleFont . = False 
With Selection.Characters(Start:=l, Length:=15).Font 

.Name = "Arial" 

.FontStyle = "Bold" 

.Size = 10.25 

.Strikethrough = False 

.Superscript = False 

.Subscript = False 

.OutlineFont = False 

.Shadow = False 

.Underline = xlUnderlineStyleNone 

.Colorlndex = xlAutomatic 
End With 
ActiveChart.Axes(xlValue) .Select 
ActiveChart.Axes(xlCategory) .Select 
With ActiveChart.Axes(xlCategory) 

.MinimumScalelsAuto = True 

.MaximumScale = 0 . 052 

.MinorUnitlsAuto = True 

.MajorUnitlsAuto = True 

.Crosses = xlAutomatic 

.ReversePlotOrder = False 

. ScaleType = xlLinear 

.DisplayUnit = xlNone 
End With 
With ActiveChart.Axes(xlCategory) 

.MinimumScale = 0 

.MaximumScale = 0.055 

.MinorUnitIsAuto = True 

.MajorOnitlsAuto - True 

.Crosses = xlAutomatic 

.ReversePlotOrder = False 

.ScaleType = xlLinear 

.OisplayUnit = xl None 
End With 

, move chart down a bit 
ActiveSheet.ChartObjects("Chart 1") .Activate 
ActiveChart.ChartArea.Select 
ActiveSheet.Shapes("Chart l").IncrementTop 13.5 
ActiveWindow.Visible = False 
Windows(file$).Activate 
Range("Al") .Select 

, Punch scaling numbe r s 

Height$ = Trim(Str(endpt - startpt» 
Sheets ("Load Left").Select 
Range("C2").Select 
tmp$ = "=MAX(RC[-2):R[" & Height$ & ")C[-2)" 
ActiveCell.FormulaR1Cl tmp$ 
Range("B2", .Select 
ActiveCell.FormulaR1Cl 
Range("B2:C2") .Select 
Selection. Cut 
Range("C2") .Select 
ActiveSheet.Paste 

"max" 

ActiveCell.FormulaR1Cl = "max left" 
Range("C3").Select 
Sheets ("Load Right").Select 
Range("C2") .Select 
ActiveCell.FormulaR1Cl = "max right" 
Range("02") .Select 
tmp$ = "=MAX(RC[-3) : R[" & Height$ & ")C[-3)1" 

C4 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ActiveCell.FormulaRlCl tmp$ 
Range("C2:D2").Select 
Selection. Copy 
Sheets("Load Left").Select 
ActiveSheet.Paste 
Rangel"C3") .Select 

Act i veW indow. Ac t i va teNex t 
Sheets ("Load Left") .Select 
Range("D3") .Select 
Sheets("Load Right") .Select 
Application.CutCopyMode = False 
Selection. Copy 
Sheets("Load Lef~").Select 
Range("C3:D3").Select 
Acti ve'Sheet. Paste Link: =True 
Range("C5").Select 
Application.CutCopyMode = False 
ActiveCell.FormulaRlCl "real max left" 
Range("C6").Select 
ActiveCell.FormulaRlCl 
Range("C7").Select 

"real max right" 

Columnsl"C:C") .ColumnWidth = 11.86 
Range("D5").Select 
ActiveCell.FormulaRlCl 
Range("D6").Select 
ActiveCell.FormulaRlCl 
Range("C8").Select 
ActiveCell.FormulaRlCl 
Range("C9").Select 
ActiveCell.FormulaRlCl 
Range("D8") .Select 
ActiveCell.FormulaRlCl 
Range("D9") .Select 
ActiveCell.FormulaRlCl 
Range("Cll").Select 
ActiveCell.FormulaRlCl 
Range("Dll").Select 
ActiveCell.FormulaRlCl 
Range("Dll") .Select 
Selection.Copy 

"3.6" 

"3.6" 

"scale left" 

"scale ,right" 

"=R[-3]C/R[-6]C" 

"=R[-3)C/R[-6]C" 

"average" 

"-(R[-3)C+R[-2)C)/2" 

Sheets("Punch Force").Select 
Range("Fl") .Select 
ActiveSheet.Paste Link:=True 
Range("DlS").Select 
ActiveSheet.ChartObjects("Chart l").Activate 
ActiveChart.Axes(xlValue).Select 
ActiveWindow.Visible = False 
Windows(file$).Activate 
Sheets ("Load Left") .Select 
Range("DS").Select 
Application.CutCopyMode = False 

, Load l eft gr&ph 

Range("Al") . Select 
Range (Selection, Selection.End(xlDown».Select 
ActiveWindow.LargeScroll Down:=-2 
Charts.Add 
ActiveChart.ChartType = xlXYScatter 
tmp$ = "Al:A" & Trim(Str(endpt - startpt» 
ActiveChart.SetSourceData Source:=Sheets("Load Left").Range(tmp$), 

PlotBy:=xlColumns 
ActiveChart.Location Where:=xlLocatiOnAsObject, Name:-"Load Left" 
With ActiveChart 

.HasTitle = True 

.ChartTitle.Characters.Text - "Load/Left" 

.Axes(xlCategory, xlPrimary) .HasTitle = False 

. Axes (xlValue, xlPrimary).HasTitle = True 

.Axes(xlValue, xlPrimary).AxisTitle.Characters.Text 
End With 
ActiveChart.PlotArea.Select 
With Selection. Border 

.Colorlndex = 16 

.Weight = xlThin 

"Load in Volts" 
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.LineStyle = xlContinuous 
End With 
Selection.Interior.ColorIndex = xlNone 
ActiveChart.ChartArea.Select 
ActiveSheet.Shapes("Chart 1") .ScaleHeight 1.48, msoFalse, 

msoScaleFrOmBottomRight 
ActiveWindow.visible = False 
Windows (file$) .Activate 
Range("Cl") .Select 

, Loa d right graph 

Sheets("Load Right") .Select 
Range("A1").Select 
Range (Selection, Selection.End(xlDown».Select 
ActiveWindow.LargeScroll Down:=-2 
Charts.Add 
ActiveChart.ChartType = xlXYScatter 
ActiveChart.SetSourceData Source:=Sheets("Load Right").Range(tmp$), 

PlotBy:=xIColumns 
ActiveChart.Location Where:=xlLocationAsObject, Name:="Load Right" 
With ActiveChart 

.HasTitle = True 

.ChartTitle.Characters.Text = "Load/Right" 

.Axes(xICategory, xIPrimary).HasTitle = False 

.Axes(xIValue, xlPrimary).HasTitle = True 

. Axes (xl Value, xlPrimary). Ax·isTi tIe. Characters. Text 
End With 
ActiveSheet. Shapes ("Chart 1"). ScaleHeight 1. 48, msoFalse, 

msoScaleFromBottomRight 
ActiveChart. PlotArea. Select 
With Selection. Border 

.ColorIndex = 16 

.Weight = x::'Thin 

.LineStyle = xlContinuous 
End With 
Selection.Interior.ColorIndex = xlNone 
ActiveWindow.Visible = False 
Windows(file$).Activate 
Range("Bl").Select 

• Binder Pressure va lues 

Sheets("Binder Pressure") .Select 
Range("E2").Select 
ActiveCell.FormulaR1C1 = "Intercept" 
Range (Selection, Cells (ActiveCell.Row, l».Select 
Range("E2").Select 
ActiveCell.FormulaRlCl "Slope" 
Range("E3") .Select 
ActiveCell.FormulaR1Cl "Intercept" 
Range ("F2") . Select 
ActiveCell.FormulaR1C1 = "1271.750527" 
Range("F3") .Select 
ActiveCell.FormulaR1Cl 
Range("E5") .Select 
ActiveCell.FormulaRlC1 
Range("F5") .Select 

"-621.7885791" 

"Average" 

tmpS = "B2:B" & Trim(Str(endpt - startpt» 
Acti veCell. Value = "=AVERAGE (" & tmp$ & ")" 

Range("B2").Select 
ActiveCell.FormulaR1Cl 
Range("B2") .Select 
Selection. Copy 

"=RC[-1)*R2C6+R3C6" 

tmpS = "B2:B" & Trim(Str(endpt - startpt» 
Range (tmpS) .Select 
ActiveSheet.Paste 

Range("A1") .Select 
Application.CutCopyMode - False 
Selection. Copy 

"Load in Volts" 
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Range("B1").Select 
ActiveSheet.Paste 
Range("B1") . Select 
Application.CutCopyMode = False 
Range("B1:B2") .Select 
Range (Selection, Selection . End( xlDown» .Select 

, Binde r Press ure g raph 

ActiveWindow.LargeScroll Down:=-2 
Charts . Add 
ActiveChart.ChartType = xlXYScatter 
ActiveChart.SetSourceData Source:=Sheets("Binder Pressure") . Range (tmpS) 

, PlotBy:=xlColumns 
ActiveChart.Location Where:=xlLocationAsObject, Name: ="Binder Pressure" 
With ActiveChart 

.HasTitle = True 

.ChartTitle.Characters.Text = "Cylinder Pressure" 

.Axes(xlCategory, x1primary) .HasTitle = False 

.Axes(xlVa1ue, xlPrimary).HasTitle = True 

.Axes(xlValue, xlPrimary) .AxisTitle.Characters.Text 
End With 
ActiveChart.PlotArea.Select 
With Selection. Border 

.ColorIndex = 16 

.Weight = xlThin 

.LineStyle = xlContinuous 
End With 
Selection.lnterior.Colorlndex = xlNone 
ActiveChart.Axes(xlValue).Select 
With Ac tiveChart.Axes(xlValue) 

.MinimumScale = 0 

.Maximumscal e = 3500 

.MinorUnitIsAuto = True 

.MajorUnitIsAuto = True 

. Crosses = xlAutomatic 

.ReversePlotOrder = False 

.ScaleType = xl Linear 

. DisplayOnit = xlNone 
End With 
ActiveWindow.Visible = False 
Windows (file$) .Activate 
Sheets("Binder Pressure").Select 
ActiveSheet.ChartObjects("Chart l").Activate 
ActiveChart.ChartArea.Select 
Acti veSheet. Shapes ("Chart 1"). IncrementLeft 74.25 
ActiveSheet.Shapes("Chart I") . IncrementTop -139.5 

"Pressure (PSI)" 

Ac tiveSheet.Shapes("Chart l").ScaleHeight 1.74, msoFalse, msoScaleFromTopLeft 

, Binder Pressur e 

Sheets ("Raw Data") .Select 
Range("F1:Ml") . Select 
Range (Selection, Selection.End(xlDown».Select 
Selection. Copy 
Sheets("Binder Load Cells").Select 
ActiveSheet . Paste 
Range("L2").Select 
Application.CutCopyMode = False 
ActiveCell.FormulaR1C1 "Slope" 
Range("L3").Select 
ActiveCell.FormulaRlCl 
Range("M3").Select 
ActiveCell.FormulaR1C1 
Range("M2").Select 
ActiveCell.FormulaR1C1 
Range("L5").Select 
ActiveCell.FormulaR1C1 
Range("L6").Select 
ActiveCell.FormulaR1C1 
Range("L6") .Select 
Selection. Copy 
Range("M6:S6").Select 

"Intercept" 

"-0.034913793" 

"1.318965517" 

"Averages" 

"=AVERAGE (R [-1] C [-11] : R[ 108] C [-11] ) " 

C7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ActiveSheet.Paste 
Range("L2:S6") .Select 
Application.CutCopyMode False 
Selection. Cut 
Range("J2").Select 
ActiveSheet.Paste 
Range("J8").Select 
ActiveCell.FormulaRICI "Sum" 
Range("J9").Select 
ActiveCell. FormulaRICI "=SUM (R [-3] C: R [-3] C [7] ) " 
Range("Jll") .Select 
ActiveCell.FormulaRICI "Convert to tons" 
Range("JI2").Select 
Acti veCell. FormulaRICl "=R [-3] C*R [-10] C [1] +R [-9] C [1] " 
Range("JI4") .Select 
ActiveCell.FormulaRICI "Convert to Newtons" 
Range("JlS").Select 
ActiveCell.FormulaRICI "=R[-3]C*9810" 

, Binder Pressure Cylinde r s Graph 

Charts.Add 
ActiveChart.ChartType = xlXYScatterSmooth 
ActiveChart.SetSourceData Source:=Sheets("Binder Load Cells") .Range("JI4:JIS" 

), PlotBy:=xIColumns 
ActiveChart.SeriesCollection(1)~Delete 

ActiveChart.SeriesCollection.NewSeries 
ActiveChart.SeriesCollection.NewSeries 
ActiveChart.SeriesCollection.NewSeries 
ActiveChart.SeriesCollection.NewSeries 
ActiveChart. SeriesCollection. NewSeries 
ActiveChart.SeriesCollection.NewSeries 
ActiveChart.SeriesCollection.NewSeries 
ActiveChart.SeriesCollection.NewSeries 

Cylinder 1 
tmp$ = "='Binder Load Cells' !R2C1:R" & Trim(Str(endpt - startpt)) & "CI" 
ActiveChart.SeriesCollection(1).Values = tmp$ 
ActiveChart.SeriesCollection(I).Name "Cylinder 1" 

, Cyl inder 2 
tmp$ = "='Binder Load Cells' !R2C2:R" & Trim(Str(endpt - startpt)) & "C2" 
ActiveChart.SeriesCollection(2).Values = tmp$ 
ActiveChart. SeriesCollection (2) .Name "Cylinder 2" 

, Cylinder 3 
tmp$ = "='Binder Load Cells'!R2C3:R" & Trim(Str(endpt - startpt)) & "C3" 
ActiveChart.SeriesCollection(3).Values = tmp$ 
ActiveChart.SeriesCollection(3).Name "Cylinder 3" 

, Cylinder 4 
tmp$ = "='Binder Load Cells' !R2C4:R" & Trim(Str(endpt - startpt)) & "C4" 
ActiveChart.SeriesCollection(4).Values = tmp$ 
ActiveChart.SeriesCollection(4) . Name "Cylinder 4" 

, Cy~inder 5 . 
tmp$ = "='Binder Load Cells' !R2CS:R" & Trim(Str(endpt - startpt)) & "CS" 
ActiveChart.SeriesCollection(S).Values = tmp$ 
Acti veChart. SeriesCollection (S) . Name "Cylinder S" 

, Cvlinder 6 
tmp$ = "='Binder Load Cells' !R2C6:R" & Trim(Str(endpt - startpt)) & "C6" 
ActiveChart.SeriesCollection(6).Values = tmp$ 
ActiveChart.SeriesCollection(6) .Name "Cylinder 6" 

Cyl inder 7 
tmp$ = "='Binder Load Cells' !R2C7:R" & Trim(Str(endpt - startpt)) & "C7" 
ActiveChart.SeriesCollection(7).Values = tmp$ 
ActiveChart.SeriesCollection(7).Name "Cylinder 7" 

, Cylinde r 8 
tmp$ = "='Binder Load Cells' !R2C8:R" & Trim(Str(endpt - startpt)) & "C8" 
ActiveChart.SeriesCollection(8).Values = tmp$ 
ActiveChart.SeriesCollection(8).Name = "Cylinder 8" 

ActiveChart.Location Where:=xILocationAsObject, Name:="Binder Load Cells" 
With ActiveChart 

.HasTitle = False 

.Axes(xICategory, xIPrimary).HasTitle = False 

.Axes(xIValue, xlPrimary) .HasTitle = True 

.Axes(xIValue, xlPrimary) .AxisTitle.Characters.Text "Presure (Volts)" 

C8 



Univ
ers

ity
 of

 C
ap

e T
ow

n

End With 
ActiveSheet.Shapes("Chart l").IncrementLeft 173. 25 
ActiveSheet.Shapes("Chart l").IncrementTop 92 . 25 
ActiveSheet.Shapes("Chart l").IncrementLeft 38.25 
ActiveSheet.Shapes("Chart 1") . IncrementTop -47.25 
ActiveSheet.Shapes("Chart lU) .ScaleHeight 1.29, msoFalse, msoScaleFromTopLeft 
ActiveChart. PlotArea. Select 
With Selection. Border 

.Co1orIndex = 16 

.Weight = xlThin 

.LineStyle = xlContinuous 
End With 
Selection.Interi or.Colorlndex - xlNone 
ActiveWindow . Vis ible = False 
Windows{file$).Activate 
Range{"K15").Select 

Cleanup 

Sheets("Raw Data").Select 
Sheets ("Raw Data").Move after:=Sheets(7) 
Range("A1").Select 
Sheets ("Binder Pressure") .Select 
ActiveSheet.ChartObjects("Chart 1") .Activate 
ActiveWindow.Vis ible = False 
Windows(file$).Activate 
Range("Al") . Select 
Sheets ("Load Right").Select 
Range ("AI") .Select 
Sheets{"Load Left").Select 
Range{"D5") .Select 
Sheets("Punch Force") .Select 
Range{"Al") .Select 
Sheets.Add 
Sheets("Sheet7").Select 
Sheets("Sheet7").Name = "Abaqus" 

, Save File 

Path$ = "D:\umich\data\processed" 
ChDir Path$ 
tmp$ = Path$ & "\" & outputfile$ 
ActiveWorkbook.SaveAs Filename:=tmp$, 

End Sub 

FileFormat: =xINormal, Password: ='''' , Wri teRes Password: ="", 
ReadOnlyRecommended:=Fal s e, CreateBackup:=False 

, Subrout~ne for Speed sel ection t o create r ela tive d i splacement data 

Sub writedisp(speed$) 
Range("A1").Selact 
ActiveCell. Value = "Time" 
ActiveCell.Offset(O, l).Value = "Displacement" 
ActiveCell.Offset{l, O).Activate 

, i f speedS = 12 s pm, the n process occurs i n 1.0 6 s econds 
, if speedS = 18 spm, th en process occur s in 0.6 3 seconds 

If (speed$ = 12) Then 
t 1. 06 

Else 
t 0.63 

End If 
s = 2 
s = s * 25.4 / 1000 
u = 2 * s / t ' i nitial velocity 
a -u * u / (2 * s) 
For tt = 1 To t * 100 

Next 

ActiveCell.Value = tt / 100 
ActiveCell.Offset(O, l).Value = u * tt / 100 + 0.5 * a * (tt / 100) A 2 
ActiveCell.Offset{l, O).Activate 
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Range("Al") .Select 
End Sub 
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Appendix D - Python Macro's to Extract ODB Data 

Recovery of Reaction force: rf.py 

# ' /usr/local/bin/python 
# Ru n us ing : 
# abaqus python rf.py filename.edb 
# 
# Outputs the Punch r e action force to filename.csv for Step 3 
# 
from odbAccess import * 
import sys, getopt 

arg = sys.argv[l:] 
odbPath = arg[O] 
if not odbPath: 

print "Please specify a ODS file" 
rf filename = odbPath [ : -4:] + ". csv" 

rf_file = open(rf_filename, 'w') 

odb = openOdb(path=odbPath) 
assembly =odb.rootAssembly 
ref_node = assembly.instance['PUNCH-1'] .nodeSet['"PUNCH REFPT"'] 

step3 = odb. step [ '''Form Blank"' J 
for frame in step3.frame: 

rf = frame.fieldOutput['RF'] .getSubset(region=ref_node) 
u = frame.fieldOutput['U'] .getSubset(region=ref_node) 
val2 = '-I * rf.value[O] .data[l] , + "\n" 
val = '-I * u.value[O] .data[l]' + ", " + val2 
rf_file.write(val) 

rf _ file. close ( ) 
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Recovery of Displacement vs Time: dt.py 

# ' /usr/loca l /bi n /python 
# Run using: 
# aba qu s rython dt.py f i lename.edb 
# 
# Output s the d i splacement vs time to f ilename . cs v for Step 3 
# 
from odbAccess import * 
import sys, getopt 

arg = sys.argv[l:] 
odbPath = arg[O] 
if not odbPath: 

print "Please specify a ODB file" 
dt filename = odbPath[:-4] + ".cav" 

dt_file = open(dt_filename, 'w') 

odb = openOdb(path=odbPath) 
assembly =odb.rootAssembly 
ref_node = assembly. instance [' PUNCH-I'] . nodeSet [' "PUNCH REFPT" '] 

step3 = odb.step['''Form Blank"'] 

for frame in step3.frame: 
u = frame.fieldOutput['U'] .getSubset(region=ref_node) 
t = frame.frameValue 
val = 'to + ", II + ' -I * u.value[O].data[l] , + "\n" 
dt_file.write(val) 

dt file. close ( ) 
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Recovery of Velocity vs. time: vt.py 

# '/ u s r / l ccal /bin /pythc~ 

# 
# Run using: 
# abaqus python vt.py filename.odb 
# 
# 0 t puts the d i splacement vs time to filename . cs\ 
# fo r St e p 3 
# 
from odbAccess import * 
import sys, getopt 

arg = sys.argv[l:] 
odbPath = arg[O] 
if not odbPath: 

print "Please specify a ODB file" 
vt filename = odbPath [: -4]: + ". csv" 

vt_file = open(vt_filename, 'w') 

odb = openOdb(path=odbPath) 
assembly =odb.rootAssembly 
ref_node = assembly. instance [' PUNCH-1'] .nodeSet [' "PUNCH REFPT"'] 

step3 = odb.step['''Form Blank"'] 

for frame in step3.frame: 
v = frame.fieldOutput['V'] .getSubset(region=ref_node) 
t = frame.frameValue 
val = ' t' + ", " + '-1 * v . value [ 0] . data [1]' + " \ n " 
vt_file.write(val) 

vt file.close() 
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Recovery of Internal and Kinetic Energy vs. displacement: ieke.py 

# I /us r !local /b il:/pyt hon 
# 
# Run using : 
# abaqus ~ ython energy . py filename.odb 
# 
# Ou t puts t he time , KE , I E to fi lename . i eke.cs v 
# fo r Step 3 
# 
from odbAccess import * 
import sys, getopt 

arg = sys.argv[l:] 
odbPath = arg[O] 
if not odbPath: 

print "Please specify a ODB file" 
rf filename = odbPath [ : -4] •. + ". ieke. csv" 

odb = openOdb(path=odbPath) 
step3 = odb. step [ '"Form Blank"'] 
assembly =odb.rootAssembly 
ref_node = assembly. instance [' PUNCH-l'] . nodeSet [' "PUNCH REFPT"'] 

# Displacement values 
u = [] 
for frame in step3.frame: 

u raw = frame.fieldOutput['U'] .getSubset(region=ref_node) 
u_filt = -1 * u_raw.value[O] .data[l] 
u. append (u _fil t) 

rf_file = open(rf_filename, 'w') 
ke = step3.historyRegion['Assembly 
ASSEMBLY'] .historyOutput['ALLKE'] 
ie = step3.historyRegion['Assembly 
ASSEMBLY'] .historyOutput['ALLIE'] 

size = len(ke.data)/2 
for x in range (size) : 

val = ' u[x] ' +", "+'ke.data[x*2] [1] '+", 
"+'ie.data[x*2] [1] ' +"\n" 

rf_file.write(val) 
rf_file.close() 
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Appendix E - Sample ABAQUS Input Deck 

*Heading 
Michigan Press Metal Forming 

** J ob name: 70 kN 06mrn thick ~-1odel name: lvlodel-l 
** 
* -k PARTS 
** 
*Part, name=Blank 
*End Part 
*Part, name=Die 
*End Part 
*Part, name=Holder 
*End Part 
*Part, name=Punch 
*End Part 
** 
** ASS EMBLY 
** 
*Assembly, name=Assembly 
** 
*Instance, name=Blank-1, part=Blank 
0., 0., O. 
0., 0., 0., 1., 0., 0., 180. 
*Include blank. i np 
** 
** Reg ion : (S teel : Picked) 
*Elset, elset=_I1, internal, generate 

1, 1800, 1 
** Sect i or : Ste~l 

*Shell Section, elset= I1, material=Steel 
0.0008, 11 
*End Instance 
** 
*Instance, name=Die-1, part=Die 
*Include die.inp 
** 
*Node 

3536, 0., -0.005, 
*Nset, nset=Die-1-RefPt , internal 
3536, 
*element, type=mass, elset=tools 
3536,3536 
*mass, elset=tools 
.1 
*Elset, elset=Die-1, generate 

1, 3384, 1 
*End Instance 
** 
*Instance, name=Holder-1, part=Holder 
*Node 
*Include holder . inp 
** 
*Node 

2543, 0., 0.005, 
*Nset, nset=Holder-1-RefPt , internal 
2543, 
*element, type=mass, elset=tools 
2543, 2543 
*mass, elset=tools 

o. 

o. 
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.1 
*Elset, elset=Holder-1, generate 

1, 2403, 1 
*End Instance 
** 
*Instance, name=Punch-1, part=Punch 
*Include punch.inp 
** 
*Node 

1552, 0., 0.005, 
*Nset, nset=Punch-1-RefPt , internal 
1552, 
*element, type=mass, elset=tools 
1552, 1552 
*mass, elset=tools 
.1 
*Nset, nset="Punch Refpt" 

1552, 
*Elset, elset=Punch-1, generate 

1, 1508, 1 
*End Instance 
*Nset, nset=_G16, internal, instance=Die-l 

3536, 
*Nset, nset= G17, internal, instance=Holder-l -

2543, 
*Nset, nset= G18, internal, instance=Punch-l 

-
1552, 

*Nset, nset= G22, internal, instance=Die-l 
-

3536, 
*Nset, nset= G23, internal, instance=Holder-l 

-
2543, 

*Nset, nset= G24, internal, instance=Punch-1 
-

1552, 
*Nset, nset= _G25, internal, instance=Punch-1 
1552, 

*Nset, nset= G26, internal, instance=Holder-l -
2543, 

*Nset, nset=_G82, internal, instance=Die-l 
3536, 

o. 

*Elset, elset= __ Gll SNEG, internal, instance=Die-l, generate 
1, 3384, 1 

*Surface, type=ELEMENT, name=_G11, internal 
__ Gll_SNEG, SNEG 
*Elset, elset= __ G13_SNEG, internal, instance=Holder-1, generate 

1, 2403, 1 
*Surface, type=ELEMENT, name=_G13, internal 
__ G13 SNEG, SNEG 
*Elset, elset= __ G15 SPOS, internal, instance=Punch-l, generate 

1, 1508, 1 
*Surface, type=ELEMENT, name=_G15, internal 
__ G15_SPOS, SPOS 
*Elset, elset= __ G83_SNEG, internal, instance=Blank-l, generate 

1, 1800, 1 
*Surface, type=ELEMENT, name= G83, internal 
__ G83_SNEG, SNEG -
*Elset, elset= __ G84 SNEG, internal, instance=Blank-l, generate 

1, 1800, 1 
*Surface, type=ELEMENT, name= G84, internal 
__ G84 SNEG, SNEG -
*Elset, elset= G85 SNEG, internal, instance=Blank-l, generate 

1, 1800, -- 1-
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*Surface, type=ELEMENT, name=_G85, internal 
__ G85_SNEG, SNEG 
*Rigid Body, ref node=Die-1.Die-1-RefPt_, elset=Die-1.Die-1 
*Rigid Body, ref node=Holder-1.Holder-1-RefPt_, elset=Holder-
1.Holder-1 
*Rigid Body, ref node=Punch-1.Punch-1-RefPt , elset=Punch-1.Punch-
1 
*End Assembly 
*Amplitude, name=Forming, time=TOTAL TIME, smooth=0.25, 
value=absolute 
0.002, -4.24, 0.027, O. 
*Amplitude, name=Smooth, definition=SMOOTH STEP 
0., 0., 1., 1. 

** MAT ERI ALS 

*Material, name=Steel 
*Density 
7800. , 
*Elastic 
2.1e+11, 0.3 

*P1astic 
1 .72E+08, 0.00000 
1.90E+08, 0.00 1 64 
2.06E+08, 0 . 00907 
2.20E+08, 0.01646 
2.33E+08, 0.02376 
2.45E+08, 0.03103 
2.57E+08, 0.03829 
2.65E+08, 0.04556 
2.76E+08, 0.05281 
2.82E+08, 0.06006 
2.91E+08, 0.06712 
2.96E+08, 0.07423 
3.04E+08, 0.08142 
3.08E+08, 0.08832 
3.13E+08, 0.09550 
3.16E+08, 0.09836 
3.23E+08, 0.10940 
3.30E+08, 0.12040 
3.36E+08, 0.13 ~ 50 

3.42E+08, 0.14 240 
3.47E+08, 0.15336 
3.53E+08, 0.16438 
3.57E+08, 0.17545 
3.63E+08, 0.18645 
3.66E+08, 0.19743 
3.72E+08, 0.20842 
3.76E+08, 0.21931 
3.84E+08, 0.24050 
3.92E+08, 0.26174 
3.98E+08, 0.28110 
4.01E+08, 0.29815 
4.06E+08, 0.31641 
4.12E+08, 0.33484 
4. 12E+08, 0.353 69 

7'''' BOUNDAR"f CONDITIONS 

** 
** Name: Be Die Type : Displacement / Rotation 
*Boundary 
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G16, 1, 1 -
G16, 3, 3 -
G16, 4, 4 -
G16, 5, 5 -
G16, 6, 6 -

". * Name : BC Ho~ de r Type : Displacement / Rotat ion 
*Boundary 

G17, 1, 1 -
G17, 3, 3 -
G17, 4, 4 -
G17, 5, 5 -
G17, 6, 6 -

** Name : BC Punch Type: Di splacement /Rotat i on 
*Boundary 
_G18, 1, 1 
_G18, 3, 3 
_G18, 4, 4 
_G18, 5, 5 
_G18, 6, 6 
* 
* 
* * STE P : C l a~p Blan~ 

** 
*Step, name="Clamp Blank" 
Close blank holder and Die 
*Dynamic, Expllcit 
, 0.001 
*Bulk Viscosity 
0.06, 1.2 
** 
** BOUNDARY CONDI TIONS 
* * 
** Name: Di e Cl oseup Type : Di sp l a ceme n t /Ro t a t i on 
*Boundary, amplitude=Smooth 
_G22, 2, 2, 4.6 
** Name: Holder Closeup Type: Displacement/Rotation 
*Boundary, amplitude=Smooth 
_G23, 2, 2, -4 . 6 
.,:.. * 
'* I NTERACTION PROPERTIES 
" * 
*Surface Interaction, name="Coulomb Friction" 
*Friction, taumax=8e+07 
0.06, 

** 
** INT ERACTIONS 
* * 
* * Interaction : Blank to d i e 
*Contact Pair, interaction="Coulomb Friction", mechanical 
constraint=KINEMATIC 
_Gll, G83 
** Interaction : Blank to holde r 
*Contact Pair, interaction="Coulomb Friction", mechanical 
constraint=KINEMATIC 
_G13, G84 
** 
** OUTPUT REQUESTS 
". * 
*Restart, writ e , number interval=l, time marks=NO 
*'k 

*+ FIELD OCTPU~: F- Output-l 
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*Output, field, variable=PRESELECT 
** 
** HISTORY OUTPUT : H- Outp ut - l 
** 
*Output, history, variable=PRESELECT, time interval=5e-06 
*End Step 
** - - --- - -- - ---- - - -- ----- - - --- - --- ------ - - ------ - -- - --- - ----- - ---
** 
** STEP : Blank Holder Force 
** 
*step, name="Blank Holder Force" 
*Dynamic, Explicit 
, 0.001 
*Bulk Viscosity 
0.06, 1.2 
** 
** BOUNDARY CON DITIONS 
** 
** Name: BC Die Type : Displacement/Rotation 
*Boundary, op=NEW 
_G16, 1, 1 
_G16, 3, 3 
_G16, 4, 4 
_G16, 5, 5 
_G16, 6, 6 
** Name : BC Holder Type : Di splacement/Rot a ti on 
*Boundary, op=NEW 
_G17, 1, 1 
_G17, 3, 3 
_GI7, 4, 4 
_GI7, 5, 5 
_GI7, 6, 6 
' * Name : BC Pu nch Type : Displacement/Rotation 
*Boundary, op=NEW 
_G18, 1, 1 
_GI8, 3, 3 
_GI8, 4, 4 
_G18, 5, 5 
_G18, 6, 6 
* * Name : Die Cl oseup Type: Disp lacemen t /Rot ati on 
*Boundary , op= ' EW 
** Name : Die Fix Type : Displacement/Rotation 
*Boundary, op=NEW 
_G82, 1, 1 
_G82, 2, 2 
_G82, 3, 3 
_G82, 4, 4 
_G82, 5, 5 
_G82, 6, 6 
** Name : Holde r Closeup Type: Displacement/Rotation 
*Boundary, op=NEW 
* * Name : Punch Cl o seup Type: Velocity/Angul a r velocity 
*Boundary, op=NEW, amplitude=Smooth, type=VELOCITY 
_G24, 2, 2, -4.24 
*w 

* * LOADS 
** 
** Name : Blank Holder Force 
*Cload 
_G26, 2, -70000. 

Type : Concentrated force 
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** 
** OUTPUT REQUESTS 
** 
*Restart, write, number interval=l, time marks=NO 

** FIELD OUTPU~ ' : F- OiJtput - l 
** 
*Output, field, variable=PRESELECT 
.,~ * 
** HISTORY OUT~UT : H-Output - l 
** 
*Output, history, variable=PRESELECT, time interval=5e-06 
*End Step .. 
* - - - -- ---- ----- -- --- -- -- - -- -- - ----- - --- --- - - - - - - -- -- - - ------ ---
** 
** STEP : Form Blank 
** 
*Step, name="Form Blank" 
*Dynamic, Explicit 
, 0.025 
*Bulk Viscosity 
0.06, 1.2 
** 
** BOUNDARY CONDITIONS 
** 
** Name: BC Di e Type: Di sp l acement/Rotation 
*Boundary, op=NEW 

G16, - 1, 1 
G16, 3, 3 -
G16, 4, 4 -
G16, 5, 5 -
G16, 6, 6 -

** Nane : BC Ho l der Type : DispJ acement/Rotation 
*Boundary, op=NEW 
_G17, 1, 1 
_G17, 3, 3 
_G17, 4, 4 
_G17, 5, 5 
_ G17, 6, 6 
** Name : Be Punch Type: Displacement/Rotation 
*Boundary, op=NEW 
_G18, 1, 1 
_G18, 3, 3 
_G18, 4, 4 
_G18, 5, 5 
_G18, 6, 6 
.. ~ Name : Die Fix Type: Displaceme n t/Ro t ation 
*Boundary, op=NEW 
_G82, 1, 1 
_G82, 2, 2 
_G82, 3, 3 
_G82, 4, 4 
_G82, 5, 5 
_G82, 6, 6 
** Name: Punch Closeup Type: Velocity/Angular veloci~y 
*Boundary, op=NEW 
** Name: Punch Forming Type" Velocity/Angular veloci~y 
*Boundary, op=NEW, amplitude=Forming, type=VELOCITY 
_ G25, 2, 2, -4.24 
** 
* ·k INTERACTION~: 
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* * Int e ractio~ : Blank to punch 
*Contact Pair, interaction="Coulomb Friction", mechanical 
constraint=KINEMATIC 
_G15, G85 
** 
** OUTPUT REQCESTS 
** 
*Restart, write, number interval=l, time marks=NO 
* ~. 
* * FIELD OUTPCT : F-Output - l 
** 
*Output, field, variable=PRESELECT 
* ~. 
* * FIELD OUTPuT : Punch Feedback force 
-;.- * 
*Output, field, number intervals=lOO, time marks=YES 
*Node Output 
U, V, RF 
* * 
** HI STORY OUT PUT : H-Output -l 
** 
*Output, history, variable=PRESELECT, time interval=O.000125 
*End Step 
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