
How to Manage Slipping        
in Wet Drawing Machines 

xx      Wire & Cable Technology International/July 2020   

The calculation of the drawing diagrams of the slipping 
wet drawing machines presents several diffi  culties related to:
• The requested fi nal quality of the wire
• The kinematic scheme of the drawing machine
• The necessary rounding of the die diameter
• The die tolerance

The phenomenon of slippage in this type of machine is not 
easily understood, and it is not easy to manage.

In my career as a machine designer, I’m often facing with 
customers the need to fi nd the best diagram granting good life 
of the dies, good life of the pulling cones, good surface quality 
of the wire and ease in threading the machine. 

The setting of the slip is necessary to ensure that the periph-
eral speed of the pull capstan is always higher than the wire 
speed. The operator him or herself, changing the diameters of 
the dies, can modify the slipping of the machines. 

Keeping positive the slip between the wire and the capstan 
assures the working of the diagram. The higher the slip value, 
the higher is the life of the dies, but you get a worse surface 
quality of the wire and a lower life of the cones. While reduc-
ing this diff erence in speed, you get a better quality of the wire, 
less life of the dies and longer life of capstans.

With this article we want to provide a practical guide on 
how to estimate the drawing diagram that can obtain the best 
results for the wire to be produced.

The Machine
Let us assume a wet drawing machine for which we do 

not have any use and maintenance manual, and we have to 
calculate the drawing diagram.

First we need to analyze the kinematic scheme of the 
machine to obtain the peripheral speeds of each individual 
capstan and from here calculate the elongation per step. As 
an example, we take one of the most common four-shaft and 
12-step slip machines. This is a four-shaft machine, with dies 
arranged only one way, from left to right. The shafts two and 
four are drawing while the shafts one and three are working 
as return pulleys (Figure 1).

First of all, take the real diameters of the pulling capstans  
and the primitive diameter of the transmission pulleys (or 
gears) starting from the motor up to the relative capstan (for 
toothed pulleys or gears you can count the number of teeth).

Of course, the best thing would be to have the machine’s 
kinematic scheme available as the one in the Table 1, but 
sometimes this is impossible and therefore we must proceed 
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A practical approach to obtaining a good 
understanding of the slippage phenomenon.

to take these values on the machine itself. At the end a Table  
like the one in Table 1 should be compiled.

Where the transmission ratio is given by:

Figure 1

Table 1



July 2020/Wire & Cable Technology International      xx

Now we can calculate the machine elongation for each step. 
(Table 2). Machine elongation is an immutable feature of the 
machine and only by changing the diameters of the capstans 
or the transmission can it be changed.

On the fi rst step, we will have an elongation variable from 
zero up to the maximum allowed by the tensile of the wire. 
This is the only variable reduction that will allow us to adjust 
the value of the outlet diameter. 

And we calculate the elongation of the pass n. 2 with the 
following:

And so on to complete the machine stretches up to step 12.
Another practical and more simple way to obtain directly 

the machine elongations is to measure the peripherical speed 
of all the capstans with a tachometric wheel. In this case, it is 
enough to divide the speed of capstan n with the speed of the 
capstan (n-1). Set the machine at constant speed and take the 
speeds in correspondence of the foot of the capstans.

Alongside the elongation we also reported the machine 
reduction (see Table 3). We are reporting also the reductions 
only because often the technicians are more used to dealing 
with reductions. But in reality, for the slipping machines, it 
is better to refer to the elongations.

Based on the machine elongations/reductions, we can now 
proceed with the defi nition of the elongations/reductions to be 
given to the wire. Now let’s defi ne the ‘machine slip’.

The slip is defi ned by the ratio: 

It must always be positive. Sometimes we see some 
machines working with negative slip, but this happens only 
because it takes advantage of the residual elongation of the 
wire, which after the die can withstand an elongation of 1% 
to 2%. This means that there is a risk that the wire will be 
stretched beyond the elastic limit of the material at the exit 
of the die. The greater the slip, the lower the counter-pull at 
the entrance of the die and vice-versa. Furthermore, slip is 
necessary to compensate for any errors in the detection (or 
execution) of the diameter of the pulling capstans and as we 
will see later, for the errors due to the tolerance of the dies 
and their rounding.

What is the correct slip to set on the machine? Table 4 on 
the next page of his article shows an example of possible slips 
that obviously can be modifi ed according to the experience 
of each one of you.

On step 12, which is the fi nal capstan, the slip is, and must 
be, zero.

The slip is related to the elongation and therefore must 
be added to the machine elongation that we obtained previ-
ously with the reliefs on the machine. Here for example, four 
diff erent types of slip are shown. The Precision slip is to be 
used when you prefer to favor the surface quality of the wire. 
The other slips can be chosen according to what you want to 
achieve. For example, for semi-fi nished, low-carbon threads, 
well covered with calcium stearate, Standard or Rough slips 
are acceptable as they guarantee a good life of the dies (and 
therefore greater productivity) at the expense of a shorter life 
of the capstans. The longer die life, in the case of the use of 
high slips, is due to the fact that, as a die is consumed and 
therefore allows more material to pass, the slip is reduced and 
reaches a negative value in a greater time. The die therefore 
has a longer life before it needs to be replaced. To better 
understand the infl uence of the slip, we compare a drawing 
diagram to which we have imposed a zero slip with a diagram 
to which we have imposed a Standard slip and one with Rough 
slip. We have also added a particular diagram in which the 
slip per step is zero except for the penultimate step in which 
a slip of 5% has been inserted (see Diagram on next page).

Table 2

Table 3

Slip% = 

Considering that the percentage reduction per step can be 
obtained from the formula: 
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How to Manage Slipping in Wet Drawing Machines ...continued

The zero-slip diagram is purely theoretical and could never 
work. Provided that the diameters of the capstans and of the 
dies are perfectly equal to the nominal ones, as soon as a die 
has an increase in diameter (due to wear) such as to require 
the wire to have an elongation greater than its own (about 1% 
to 2%), the thread would break immediately. 

In the two Standard and Rough diagrams, it can be seen 
how the slip of 1.30 and 1.80 given at each step is added to 
the previous one until a very high value is obtained on the fi rst 
steps. On the special drawing diagram, a fairly high slip was 
set on the penultimate step and a zero slip on all the others 
counting precisely on the fact that the slip will also spread on 

the previous steps. In this way also the slip on the fi rst steps 
will be low and therefore this system is advisable where it is 
imperative to keep the slips low for reasons of wire quality. 
The threading of the machine with these slips will be diffi  cult 
because until the last step has been reached, the penultimate 
step slip cannot be used. For this reason, the special system 
can only be used with diamond dies made with tolerances 
of less than 0.005 mm and with very precise capstans. It is 
also advisable to pre-thread the dies on the bench in order 
to simultaneously load all the dies of the machine and start 
using the last step slip. It is good practice to keep a greater 
slippage than the others on the penultimate step for the fol-
lowing considerations:
1. The fi nal dies are subject to greater wear due to the in-

creased hardness of the wire. Therefore, to have a better 
life of the die, we will use a smaller reduction to reduce 
the pulling eff ort. The angle of the die must also be re-
duced appropriately.

2. Lubrication and cooling on the fi nal step is often not as 
eff ective as in the previous dies.

3. In cases where the machine works with emulsion and 
the wire uses the stearate that already covers the semi-
fi nished wire on the last step as a lubricant, the thickness 
of the stearate will be minimal and therefore it is advisable 
to keep a lower reduction.

4. The excess of slippage on the penultimate step also serves 
as a reserve to compensate for any geometric errors on 
the capstans and the dies.

5. With minor reduction on the last step, experience says that 
it is easier to adjust the cast and helix of the fi nal thread.

Dies Choice
Sometimes, it can happen that by trying to insert a new 

scale of dies into the machine, the wire continues to break on 
a certain step. It is not possible to proceed and after several 
attempts, it is convenient to change the whole scale. What is 
the reason?

In Table 5, we can see the reason for this problem.

Table 4: These are the slips per pass that need to be added to the machine elongations per pass.

Diagram
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Column “A” shows the nominal die sequence as calculated 
by the computer and using a Standard type slip. The decimal 
places after the comma are 3 and all the submerged reductions 
are equal. Let’s assume that the drawing machine has tungsten 
carbide dies with two decimal places after the comma. In 
column B we will have the rounded diameters and alongside 
the corresponding reduction (in area). The rounding of the 
sequence, as can be seen from the values shown, already un-
dergoes a fairly signifi cant variation here. On the other hand, 
the nominal diameters of the dies have a 
tolerance. Assuming in our case a toler-
ance of +0-0.02 each time a die is chosen 
from the shelf, it is as if we had a random 
draw between the value reported in the die 
and a smaller value of 0.02 mm. In column 
C, using the “RANDOM ()” function of 
Excel, we can simulate this extraction by 
pressing the “RECALCULATION” key.

By pressing this button n times, we can 
see that (in the above case) in 20% of cases 
we have problems of threading on some 
dies due to rounding and tolerance of the 
dies. In this case on the dies 4 and 9 we 
have threading problems. In fact, we can 
see from column D how much material in 
kg/h passes through the die. For example, 
we see that 262.05 kg/h passes through the 
die 10, while the previous die allows only 
some 261 kg/h to pass (these production 
values are calculated at the nominal speed 
of the machine). In die 9, we will there-
fore probably have a break, if the wire at 
this point does not have enough residual 
elongation.

Now let’s see how to use an existing 
application for the control of the slip. For 
this purpose, we will use an App located 
in the Apple Store, whose name is Matra   
(Figure 2). This App, which works on all 
Apple devices and on the Mac, in addition 
to calculating the drawing diagrams for 
normal machines controlled by dancers or 
sensors, also contains a procedure for de-
fi ning and checking the drawing diagrams 
for slipping machines. Let’s just look at 

this latest feature of the program.
In the main screen of the program, press the button ‘Slip-

ping Machines’.
In screen 2, pressing the ‘List’ button, we enter the list of 

preloaded machines (screen 3) in the program. In our case, 
the machine of the previous kinematic scheme is number 1; 
we write 1 in the green fi eld next to the ‘List’ button and the 
program will load the machine data in the required fi elds. If 
the machine is not included in the preloaded list, the relative 
values can be entered manually in the indicated fi elds. For a 
fi nal check, press the blue button ‘Check Machine’ to check 
on each step whether the elongations are correct (screen 4).

From screen no. 2, after entering the machine data, we 
have two possibilities:  
1. We can enter the data of an existing diagram that we 

want to check or
2. We can ask the program to calculate the die diagram for 

the selected machine.
In the number 1 case, press the green button ‘SetYourDiam’ 

(Figure 3). After inserting the total number of dies it is pos-
sible in this screen insert all the diameters sequence.

Table 5

Figure 2

Figure 3
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How to Manage Slipping in Wet Drawing Machines ...continued

Once the diameters of the scale under 
observation have been entered and after 
pressing the yellow button ‘Check and Save 
Diameters’, in screen 5 you will have the 
possibility to check the diameters entered 
with the display alongside the elonga-
tion and reduction. If everything is ok, 
press ‘Back’ twice and return to the main 
screen—Screen # 6. The only diff erence 
from screen no. 2 consists of the red button 
at the bottom left ‘Check Your Diameters’, 
which is now activated. Pressing it we will 
pass to the fi nal screen n. 7.

The green fields show the machine 
elongations, which are immutable. In the 
red fields instead there are the elonga-
tions, the reductions and the slips for each 
capstan. Here we see that in the pass n. 7 
and 8 the slips are negative and therefore 
this is a nonrecommended scale because, 
even if you could work with low carbon using the residual 
elongation of the material (it means that in steps 7 and 8 the 
wire  will elongate a little bit  after the die) the life of the die 
will probably be very short.

In the number 2 case, as an example, we now report the 
same reduction from 2.7 to 1.3 calculated by the program, 
having set the type of average Standard slip (Figure 4). For 
this we return to the previous screen (Screen n. 8) and insert 
the diameters of the diagram as indicated. We insert 2.7 on the 
inlet diameter, 1.3 on the fi nal diameter and choose the type 
of slip required. In the screen n. 9 (accessible from the push-
button ‘Slip Setting’) we can see the slips already included 
in the program. We can insert in the column P our preferred 
slips. In the screen 9 are summarized the default slip values 
for the types S, M, L, XL. Coming back to the screen 8 we 
can choose the requested slip.

The program now asks us to choose the total number of 
dies that are a function of the fi rst drawing reduction. In fact, 
it is the only variable reduction one time we defi ned the slip 
per pass. The related reductions of the fi rst die are indicated 
in the line below. We choose the same number of steps of 
the diagram that we previously entered manually, 9 pass 
(corresponding to a reduction of 11.58%) and press the red 
button at the bottom right that has now turned on “Drawing 
Diagram”. In screen 10 we can now see the diagram calculated 
by the program. The slips are always positive and growing. 
The probability that this diagram will work fi ne are very high.

Conclusions
We have seen how to obtain the kinematic scheme of a 

wet drawing machine even without documentation as well as 
how to calculate the elongations per step. These values, which 
cannot be changed unless the machine hardware is changed, 
are used to defi ne the drawing diagram to be utilized on the 
machine. In defi ning the most appropriate scale, we also saw 
the importance of rounding the diameters of a theoretical scale 
and tolerance on the diameter of the used dies. These factors 

must be taken into account in order not to have problems dur-
ing threading. The most appropriate slippage to be considered 
has been discussed, and it is a function of many parameters 
that must be considered such as productivity, wear of the cones 
and the quality of the fi nished wire. And we then learned how 
to check an existing scale as well as how to compare such an 
existng scale with a theoretical scale defi ned by a calculation 
program, which is available to everyone.

Currently, the trend in the sale of wet drawing machine 
models is oriented towards independent motor dies and with 
dancers control to have control of the wire surface, capstan 
wear and the ease of setting of the drawing scales in complete 
freedom. Personally however, it is my belief that slipping 
drawing machines continue to have a great importance in 
the market for their cost eff ectiveness, ease of threading 
(especially with the die-set already prethreaded) and amount 
of space taken up in the factory. Furthermore, we have seen 
that in sliding machines the “cast and helix” after each step 
is granted while in dancer machines, great care is needed in 
aligning the dies with the capstan. 

I believe that with a good understanding of the phenom-
enon of slippage, which is always a little diffi  cult for everyone, 
the surface quality of the wire can also be managed in an 
optimal way thanks to the always better fi nished surfaces of 
the pulling capstans and trying to keep at the minimum the 
slip on the capstans.www.zt-italy.com
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