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Abstract 
Cable blowing is efficient for installing cables into ducts. However, 
energy consumption of blowing is higher than for pulling, caused 
by the air flowing much faster than the cable. That’s why big air 
compressors are required to blow optical cables, while much larger 
power cables are pulled with battery powered E-winches. It is found 
that energy consumption of blowing can be reduced considerably 
when air pressure is controlled to the need, making it comparable 
to pulling or better. Battery-operated compressors or gas bottles can 
then be used for cable blowing. Tests are done with a blowing 
machine with automated pressure control. 
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1. Introduction 
Cable blowing is an efficient way to install cables into ducts. 
Blowing lengths are longer than for pulling, it is fast, all equipment 
and labor is at one side of the duct and no extra steps, like installing 
winch ropes, are required. Therefore, production is high and traffic 
is avoided, a plus for sustainability. Nevertheless, the sec energy 
consumption of blowing is high, caused by the fact that air flows 
much faster than the cable, resulting in the majority of energy 
wasted in heat. Moreover, in the empty part of the duct in front of 
the cable all airflow energy is lost. That’s why already big air 
compressors are required to blow optical cables with diameter of 
around 30 mm, while much larger power cables are pulled with 
battery powered E-winches. Purpose of this study is reduction of 
energy to blow cables. 

 
Figure 1. Example of battery operated 3 tons E-winch 

  

Figure 2. Example of 16 kW compressor for cable blowing 

2. Calculations 
Calculations of (net) energy consumption are done for pulling and 
for blowing using a numerical example. 

2.1 Example 
In this study energy consumption is calculated for different 
scenarios. This is done for an example with a typical microduct 
cable with diameter Dc of 8 mm, linear weight density w of 0.6 N/m 
and stiffness EI of 0.5 Nm2, having a coefficient of friction (COF) 
f of 0.08 with the 16/12 mm microduct (Dd = 12 mm), in which it 
is installed over a length L of 1500 m. A continuous approximation 
of this microduct in an IEC trajectory [1] (180° bend, radius R of 
50 x duct ID = 0.6 m each 100 m) is made by duct undulations with 
amplitude A of 4.16 mm and period P of 1.315 m (taking into 
account capstan effect and friction from cable stiffness, see 
Appendix A). Only net force and energy are calculated, ignoring 
losses other than friction with microduct.  

2.2 Pulling 
If the cable was pulled in a completely straight microduct and the 
pay-off force is zero the pulling force F as a function of installed 
length x follows from [2]:  

F fwx             (1) 

At the end of the 1500 m long duct this would be 72 N. The required 
energy E is found by integrating the force over x: 
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E fwx            (2) 

The total energy required to reach the end of the 1500 m long duct 
is then 54 kJ. Unfortunately, the duct is never straight and 
undulations in the duct (in this model the bends are approached by 
continuous undulations) will give a force F [2,3]: 
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With the effective bend radius Ru of the undulations and the cable 
stiffness contribution wB given by [3]:  
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For the treated example the pulling force F as a function of x is given 
in Fig. 3, with at the end a force of 516 N (a grey line for the straight 
duct is also shown). The cumulative (net) energy E follows by 
integrating eq. (3) over x (formula not given here) resulting in the plot 
of Fig. 4, with at the end a total (net) energy of 200 kJ (a grey line for 
the straight duct is also shown). 

 



 
Figure 3. Force F to pull the cable as a function of 

installed length x  

 
Figure 4. Cumulative (net) energy E to pull the cable as a 

function of installed length x 

2.3 Blowing 
The forces needed to blow a cable in a duct with undulations are 
lower than those used for pulling. This is because the blowing 
forces are distributed over the length of the cable, compensating 
friction locally, so the capstan effect is suppressed. The blowing 
force consists of 2 parts, the hydrostatic part Fhs from the pressure 
drop over the cable volume eq. (4a) and the hydrodynamic part Fhd 
from the viscous forces exerted on the cable eq. (4b): 
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In fact the hydrostatic part is not supplied by the airflow, but comes 
from mechanically pushing or pulling the cable into the pressure 
zone. So, over an installation length L the energy needed is obtained 
by multiplying the hydrodynamic blowing force with L: 
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For the treated example with a pressure of 16 bar the sec blowing 
energy from the airflow on the cable over the length of 1500 m is 
then 60 kJ. This can be done easily with 16 bar, also with the 
undulations in the duct (the required pressure is treated further in 
this paper) and is already much less than for pulling in that case. 

However, blowing uses much more energy than is transferred to the 
cable, mainly because the air speed is much higher than that of the 
cable. The speed vair of the air when compressed air is fed through 
a duct (still no cable) follows with Blasius’ law from the applied 
pressure, the air properties and the geometry [4]: 
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Here μ is the dynamic viscosity (1.8x10-5 Pas) and ρ the density (1.3 
kg/m3) of air and L length of the duct. The applied pressure pi and 
pressure at the end pa need to be taken absolute (not relative to 
atmospheric). When a pressure of 16 bar (pi = 17 bar) is fed to the 
microduct of the example the speed of the airflow will be 98.8 m/s 
(5930 m/min). That is much faster than the speed of the cable (even 
when this is 100 m/min). So, a lot of energy is wasted! 

The power Π used by the airflow is equal to the product of the 
speed, cross-sectional area of the inner duct and the pressure: 
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To maintain 16 bar air pressure over the still empty microduct a 
power of 18.1 kW would be needed. Blowing with 100 m/min 
would take 15 minutes and then 16.3 MJ energy, much more than 
for pulling! This low efficiency is caused by the fact that the airflow 
is almost 60 times faster than the speed of the cable, i.e. most 
energy is lost in just flowing the air (and in the empty part of the 
duct). 

Fortunately, the airflow decreases during installation of the cable 
because the part of the duct filled with cable has a higher pneumatic 
resistance. This can be described by replacing the duct inner 
diameter Dd in eq. (6) by the hydraulic diameter Dh. A good match 
with blowing practice is obtained when using the elliptic definition 
[5]: 
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The pressure profile and flow through the duct when partly filled 
with cable can then be found by equalizing the flow in the filled 
and the empty part [6]. Using this the following formula is found 
for the speed v as a function of installed cable length x:  
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The power Π used by the airflow follows again from the product of 
the speed, cross-sectional area of the inner duct and the pressure. 
For the treated example then the plot of Fig. 5 follows. 

 
Figure 5. Power Π used by the airflow as a function of 

installed length x 

Now the power drops from 18.1 kW to 5.8 kW when the cable 
reaches the end. The total (net) energy is found by integrating the 
power over the time (formula not given here), for a constant speed 

0

200

400

600

0 500 1000 1500

F
 (

N
)

x (m)

undulations

straight

0

20

40

60

80

100

120

140

160

180

200

0 500 1000 1500

E
 (

kJ
)

x (m)

undulations

straight

0

2

4

6

8

10

12

14

16

18

20

0 500 1000 1500

Π
(k

W
)

x (m)



of 100 m/min resulting in a total (net) energy of 7 MJ (compared to 
16.3 MJ without the filling effect). 

It is clear that blowing uses much more energy than pulling. But, 
blowing is also more efficient. This means that 1500 m can be 
easily installed for this example, i.e. with lower settings. When a 
pushing force of 120 N is applied a pressure of 5.52 bar is already 
sufficient (calculated with JetPlanner 4.0 [7]). A lower pushing 
force would result in higher pressure needed, so this would lead to 
more total energy consumption. The 120 N is chosen as a workable 
pushing force for small blowing machines (and this cable will 
survive the crashtest). With 5.52 bar the total blowing energy would 
drop to 793 kJ, see Fig. 6. This is much less than the 7 MJ in the 
same plot for 16 bar, but still more than the energy of 200 kJ for 
pulling the cable. The energy for the 120 N pushing can be ignored 
with respect to the energy required for pulling with 516 N or pure 
blowing with 5.52 bar (see further). 

 
Figure 6. Energy E used by the airflow as a function of 
installed length x for 16 bar and 5.52 bar air pressure 

 
Figure 7. JetPlanner 4.0 result for blowing with 5.52 bar 

air pressure and 120 N pushing force 

We can optimize further, by first installing the cable with pure 
pushing and then start the compressor when the pushing force 
becomes too high. For the reach of the pushing force no analytical 
solution is possible and a numerical simulation must be made. For 
this again JetPlanner 4.0 is used. It can then be calculated that 
pushing with 120 N for the numerical example can be done over 
the first 804 m. This is also the part where more than half of the 
energy (521 kJ, from Fig. 6) was used by the compressed air. 
Subtracted from 793 kJ only 272 kJ is left. Already less than for 
pulling. 

This was only with opening the full (required) pressure after pure 
pushing. But, when increasing the pressure only until the value 
needed still more can be saved. For this again numerical calculation 
is needed with JetPlanner 4.0, for the numerical example resulting 

in the pressure plot of Fig. 8. Calculation is also done for a 
microduct with Dd  of 10 mm. 

 
Figure 8. Air pressure p required to blow x m with 

microduct open at 1500 m 

If then the pressure of Fig. 8 is integrated over x and divided by the 
speed vcab of 100 m/min then the cumulative energy consumption 
E of Fig. 9 follows. The end is reached now with only 123 kJ. Now 
the energy is amply less than the 200 kJ for pulling the same 
distance! 

 
Figure 9. Cumulative (net) energy E required to blow x m 

with 5.52 bar and microduct open at 1500 m 

Let’s check that the energy for pushing can still be neglected. For 
the pushing force build-up again a simulation by JetPlanner 4.0 is 
used. In Fig. 10 this pushing force Fpush is plotted. Note the grey 
line, which is the part of the total pushing force required to push the 
cable into the pressure zone, the backpressure force. This part is not 
contributing anymore to pushing inside the microduct and is in fact 
supplying the (distributed) hydrostatic part of the blowing force. 

 
Figure 10. Pushing force Fpush required to blow x m with 

microduct open at 1500 m 

Integrated over the length a total (net) energy for this pushing 
follows of 109 kJ, see Fig. 11. This cannot be totally ignored 
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anymore, but it is the lowest contribution to the total net power. In 
total (pushing + blowing) the net energy consumption is 232 kJ, 
just a bit more than for pulling. Often 8 mm cables are blown into 
12/9.8 mm microducts (less airflow), where blowing this way 
becomes far more energy efficient than pulling. 

 
Figure 11. Cumulative (net) energy Epush required to blow 

x m with microduct open at 1500 m 

3. Unplugged Power Sources 
Two different power sources which do not need to be plugged into 
the mains or a fuel driven aggregator (cord less) and do not require 
a combustion motor at all are discussed here as options. 

3.1 Batteries 

   
Figure 12. Example of too small and too large (for use 

with energy optimized blowing machines) battery-
operated compressor 

An electrically driven blowing machine with automatic pressure 
control makes possible to work entirely with batteries (e.g. two 
batteries 6.0 Ah – 18 V can store 778 kJ), even for the compressor. 
There are many small battery-operated compressors for tire 
inflation on the market. They are sometimes supplying enough 
pressure and volume flow to be used for blowing, but operation 
longer than 1 minute is rare (and the batteries are 3 times or more 
too small). One battery operated compressor suitable for blowing 
for longer time exist, see Fig. 12, but is large enough to blow cables 
without any energy optimization. There is a market for an in 
between battery-operated compressor. 

3.2 Gas bottles 
An alternative of using a battery operated compressor and still 
using stored energy (no combustion engine or plug-in required) is 
using bottles with compressed gas. The volume of gas needed for 
the treated example, is calculated with Fig. 8 and eq. (9). A total of 
324 atmospheric liters is found, see Fig. 13. With a gas bottle of 50 
liters under a gas pressure of 200 bar then 30 installations can be 
done (leaving 276 liter to keep the 5.52 bar for the last part)!  

 
Figure 13. Cumulative volume of air Vcum (atmospheric 

liters) required to blow x m until 1500 m 

In the treated example the air pressure needed was still low, because 
of the relatively large microduct diameter. Usually, the maximum 
cable diameter is used (or when 8 mm is the max cable diameter for 
the machine, the minimum microduct ID). Let’s see what happens 
when a tight fit with Dd of 10 mm is taken. From Appendix A an 
amplitude Ad of 2.16 mm and a period P of 0.964 m follows. Now, 
the pulling force would then increase from 516 N to 621 N.  And a 
higher air pressure of 8.31 bar (see Fig. 8) is needed to reach the end. 
But, even with this higher pressure the larger pneumatic resistance in 
the smaller microduct makes the total required air volume decrease 
to only 134 liter, see Fig. 9. Now 71 installations could be done with 
one cylinder (leaving 416 liter to keep the 8.31 bar for the last part). 
So, pulling requires more force (and energy) when the microduct 
becomes smaller while for blowing the required volume of air (and 
compressed air energy) gets less. 

4. Blowing Tests 

 
Figure 14. Example of battery operated blowing machine 
with automatic pressure control for optimized blowing 

Blowing tests done with the battery-operated blowing machine of 
Fig. 14 will be treated next. Here already no compressed air is needed 
for pushing the cable. Test are done with a small electric compressor, 
but still with a version of the blowing machine without automatic air 
pressure control. Later, also tests were done with the version with 
automatic air pressure control. Although battery operated electric 
compressors of the right size were not yet found, the low air 
consumption was demonstrated by using gas cylinders as blowing 
source.  
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4.1 Test with small electric compressor 
 

  
Figure 15. Small compressor (right) next to large 

compressor (left) used earlier 

An optical cable with 96 optical fibers and a diameter of 6.5 mm was 
blown in with the electrically driven blowing machine of Fig. 14 (but 
not yet with automatic pressure control). It could be installed into a 
10/8 mm (max pressure of 16 bar reached) and in a 12/10 mm 
microduct (7 bar pressure reached and sufficient) of 1200 m long in 
a 50 m long IEC test track with the small compressor, right in Fig 15, 
instead of the big compressor used earlier, left in Fig.15. 

4.2 Flow tests with pressure controlled machine 
 

 

 
Figure 16. Test setup with pressure controled blowing 
machine and flow measurements, using gas cylinders 

The test setup for the tests with the pressure controlled machine is 
shown in Fig. 16. In the top picture the flow meter is shown on the 
foreground. It directly measures the flow through the microduct, so 
no leaks in the system (if present) can disturb the tests. As no cable 
can be pushed through the flowmeter, the flow is sent through the 
flowmeter via a bypass unit (black with red connectors). In the 
bottom picture the gas cylinders used can also be seen. 

4.2.1  3.9 mm cable in 10/6 mm microduct. An old (>10 years) 
cable with 24 optical fibers and a diameter of 3.9 mm was blown into 
a 10/6 mm microduct in an IEC test track with loops of 50 m long 
and return (180°) bends with 0.4 m radius, total length about 750 m. 
No lubricant was used. As this is not an ideal situation the blowing 
length was not that long, but a good idea was obtained about the air 
consumption, see Fig. 17. In the top picture it can be seen that the 
pressure goes up after a certain installed length, to keep the pushing 
force low. When the max set pressure of 10 bar was reached the 
pushing force responds by continuously increasing during further 
installation. After reaching another (higher) pushing force the 
machine responds in lowering its speed, until the test was stopped at 
a speed of 10 m/min. The relatively long length installed with a low 
speed in this tough test track (tougher than the 100 m IEC track used 
in the theoretical simulations, and usually also tougher than most 
urban trajectories) is of course not ideal for the air and energy 
consumption. The total volume of air used (calculated by integrating 
the flow over time) was 581 liter (atmospheric) while the total net 
energy used for the compressed air was 521 kJ. The pressure in the 
gas bottle (50 l) dropped from 190 bar to 170 bar (there were a few 
air losses in the pneumatic connections). The airflow of the empty 
microduct with air pressure 10 bar was 92 l/min. If present the total 
installation time of 17 minutes the energy consumption would have 
been 1564 kJ.  

 

 
Figure 17. Test with 3.9 mm cable into 750 m of 10/6 mm 
microduct in 50 m long 180° looped (bend radius 40 cm) 

IEC test track. Top picture with pushing force, air 
pressure and speed as a function of distance, bottom 

picture with air pressure and flow as a function of time. 
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4.2.2  6.8 mm cable in 10/8 mm microduct. Another old cable 
with 12 optical fibers (only one of the tubes filled) and a diameter of 
6.8 mm was blown into a 10/8 mm microduct in an IEC tests track 
with loops of 50 m long and return (180°) bends with 0.8 m radius, 
total length about 957 m. A good idea about the air consumption was 
obtained from the flow in Fig. 18. The maximum pressure was set at 
15 bar. The total volume of air used was 656 liter (atmospheric) while 
the total net energy used for the compressed air was 830 kJ. The 
pressure in the gas bottle dropped from 138 bar to 104 bar. 

 

 
Figure 18. Test with 6.8 mm cable into 957 m of 10/8 mm 
microduct in 50 m long 180° looped (bend radius 80 cm) 

IEC test track. Top picture with pushing force, air 
pressure and speed as a function of distance, bottom 

picture with air pressure and flow as a function of time. 

5. Conclusions 
It has been shown theoretically that cable blowing with automatically 
controlled air pressure can save a lot of energy. The first part can be 
installed by pushing only. When the air pressure is applied the filling 
of the duct has already increased the pneumatic resistance, so the air 
flow, and hence the energy consumption, is less. When the cable is 
installed further the pressure increases, while at the same time also 
the pneumatic resistance increases, so the flow remains limited. 
Blowing tests have been done with 2 different cables in 2 different 
microducts. The conditions were very tough, much tougher than in 
the theoretical simulations, and also the speed was relatively low (the 
speed at the start, but especially at the end), but even then it was 
shown that a lot of energy was saved. That’s why the tests could have 
been done with gas (nitrogen) bottles as air supply.  
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8. Appendix A: Effective Undulations 
A standard trajectory for blowing test is the IEC trajectory [1]. It is 
made of loops of duct of e.g. 100 m long, connected by 180° bends 
with e.g. for (standard) microducts a bend radius R of 40 times the 
outer diameter of the duct, or 50 times the inner diameter Dd of the 
duct. Analysis of force build-up and energy consumption during 
cable installation becomes easier when the properties of this 
trajectory are translated to continuous undulations. Two properties 
should match, the capstan effect and the friction due to cable 
stiffness. 

The capstan effect is determined by the change of angle dβ/dx per 
unit of length. For the IEC with 100 m loop lengths this is: 

100

d

dx

 
         (A1) 

For duct undulations with effective amplitude A (duct amplitude Ad, 
as used in JetPlanner 4.0) and period P this is [3]: 
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Here Dc is the cable diameter. From (A1) and (A2) it follows: 
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The friction dFu/dx per unit of length due to cable stiffness in 
undulations is given by [3]: 
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Here EI is the bending stiffness of the cable and R the bend radius 
of the duct. The friction Fb due to cable stiffness in bends is given 
by [3]: 
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This stiffness friction shall be compared, in SI units, with 100 times 
the friction per meter of (A4): 
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       (A6) 

From (A3) and (A6) then follows: 

 2 324 6 d cP D D R         (A7) 

When taking the bend radius R equal to 50Dd (is about 40xOD) 
(A7) becomes: 

 2 312000 3 d c dP D D D         (A8) 

And with (A3): 

  315 3 d c dA D D D         (A9) 

Example: Dc = 8 mm and Dd = 12 mm. The IEC trajectory would 
have bend radii of 0.6 m (50 x Dd). Undulations follow with 
amplitude A = 2.16 mm and period P = 1.315 m. The duct 
undulation amplitude Ad (used in JetPlanner 4.0) is then 4.16 mm. 

Note that for the lowest forces the IEC trajectory is a bit more 
severe than the undulation approximation, because the latter adds 
gravity and capstan/stiffness friction quadratic (because the normal 
forces point in arbitrary directions). In the IEC trajectory the 
capstan/stiffness friction is concentrated in the bends and therefore 
in fact adds linearly. So, the examples treated are about true for an 
IEC test track with COF of about 0.07 (also a value often achieved). 
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