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INTRODUCTION
BEN HUR DIGITAL (BHD) is an electromechanical device, patented by APLab, for training of swimmers. It
can be used to tow the athlete or to slow him, to improve his force and technique. The device is equipped
with sensors and a data acquisition system to measure displacement, speed and force of the athlete.
BHD is composed of a stainless steel frame and a plastic drum. A cable is winded around the drum. The
swimmer is connected to one end of the cable by means of a belt. An electric motor controlled by the user
via a PC interface spins the drum.
The device can work in two modes:
1. speed mode: the rotation speed of the drum is chosen by the user. The motor supplies the force
needed to keep the selected speed.
2. force mode: the force applied by the motor is chosen by the user. The rotation speed of the drum
depends on the resistance the swimmer applies to the cable.
This manual gives a detailed description of BHD, instructions for its setup, use and maintenance.

All the technical files, drawings, electric diagrams, part list of the system are available at APLab premises
for control from the legal authority.

WARNINGS AND RECOMMENDATIONS
BEN HUR DIGITAL DIGITAL has been designed and built according to safety standards for the protection
of people and things. Every precaution has been adopted to avoid dangers and hazards. Nevertheless, an
improper or maladroit use of the system can cause damage to people and/or things.
Only the operators who have received an instruction course from APLab are authorised to use Ben
Hur Digital. All safety rules exposed in this manual must be respected.

WARRANTY
Ben Hur Digital comes with a 2-years warranty, starting from the day of shipping of the device .
Warranty doesn't cover normal wear and tear.
Warranty doesn't cover damage caused by rough handling.

1. DESCRIPTION OF THE DEVICE
1.1 Bill of materials
Bifore starting the setup of the device, please make sure that you have the following parts:

•

BEN HUR DIGITAL machine with thread, snap-hook and belt

•

Electric supply unit

•

PC or tablet

•

Power cable

•

230 V power supply cable

•

Waterproof USB cable

•

Software on CD or other support (software includes the BHD user interface, the Sport DAQ data
analysis tool and the drivers for the USB to serial connection)

The system is composed of a machine, a power supply unit and a control PC Ther machine operates the
cable, which has one end attached to the swimmer. The power supply unit delivers low voltage (30 V DC)
current to the machine. The PC controls the operations of the machine via a graphic interface

1.2 The BHD machine
The machine is composed of a low-voltage (30 V) DC motor and a drum around which a nylon thread is
rolled up. The swimmer is harnessed at one end of the thread. Motor and drum are connected by a chain
transmission. All this is caged into a stainless steel frame, to be put by the pool. DC motor can work both
as an engine and as a brake. The frame can be contained in a bigger frame shaped as a starting block
(Figure 1).
At the front end of the machine a photoelectric safety switch disables the motor when a thin plastic body
passes between two steel cylinders. A second thicker body stops the cable in case of failure of the
photoelectric cell (Figure 2)
A position and speed sensor (encoder) is placed on the shaft of the motor, and two boxes contain
connections and electronic components.
An adjustable arm for cable positioning can be mounted on the frame.
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Figure 1 – The BEN HUR DIGITAL machine with starting block
Figure 2 – Mechanical safety switch

In the version with starting block, an emergency push-button is placed on the back of the machine (Figure
3).

Emergency push-button

Figure 3 – The emergency button on the starting block
When the emergency push-button is pushed, the motor stops. To reenable the motor, rotate the pushbutton gently rightwards.
The adjustable arm can be used to tow the athete at a controlled depth. Mount it the frame using the two
mouting holes on the frame (Figure 4).

Figure 4 – Front and rear mounting holes for the adjustable arm

1.3 The Power Supply Unit
The Power Supply Unit (PSU) contains the voltage converter (from 230V AC or 125V AC to 30 V DC), the
main switch and several safety components, including two warning lights, a differential switch and an
emergency push-button. The PSU is connected to the machine via a high current power cable (in some
versions of BHD also by a signal cable) and to the grid via a standard power cable. The power absorbed by
the system is about 700 W.
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Figure 5 – The Power Supply Unit
When the emergency push-button is pushed, the power supply to the machine is cut off and the red
warning light lights up. To reenable the motor, rotate the push-button gently rightwards.
The PSU contains parts at 230 V. For this reason it must be placed at least 2 m away from the water,
in compliance with international safety standards.

1.4. The Control PC
The BHD machine is controlled by a PC (OS: Windows 7, 8, 10) via a Graphic User Interface (Figure 6).
The PC is connected to the machine (in some versions of BHD to the PSU) with a waterproof USB cable.
Please refer to the GUI Help for details about the use of the control interface.

Figure 6 – The PC with control interface

2. SETUP OF THE SYSTEM
Before you start using the machine, setup the system as follows:
1. Place the machine at one end of the pool
2. Place the PSU at least 2m away from the pool
3. Secure the machine frame to the ground using the mounting holes (Figure 7)

Figure 7 – Mounting holes
4. Connect the high current power cable to the machine and the PSU;
5. Connect the USB cable to the machine and the PC;
6. Connect the power cable to the PSU and plug it to the grid;
7. Turn the main switch on;
Now the system is ready. Switching the main switch on the green warning lights on the PSU and on the
back of the machine will light up.
When connecting and disconnecting the high current connectors, don't pull or bend the cable.

3. OPERATING THE SYSTEM
Once the setup is complete and the system is switched on, you are ready to start working with BHD.
Start the control interface on the PC. The following form will appear (Figure 8). All the information needed
to use this interface is provided in the Help file.

Figure 8 – Control interface and Help menu

3.1. The passive drag test
The passive drag test is one of the main tests you can carry out with BHD. During the test, the machine
tows the athlete at controlled speed and measures the drag produced by his body . The athlete is required
to assume a streamlined position, without moving arms or legs (Figure 9).

Figure 9 – The drag test, streamlined position
In order to carry out the drag test:

1. Execute the Homing procedure (see Help of the control interface)
2. Let the athlete wear the belt at the end of the cable around his waist
3. Set the machine in Speed mode
4. Slowly unwind the cable while the athlete swims to the far end of the pool.
5. Start the data acquisition
6. Start the motion only when the athlete is ready
7. Stop the motion when the athlete is about 5 m away from the machine. Don't wait for the
photoelectric cell to stop the machine.

8. Stop the data acquisition and save the data
9. Analyse the data with Sport DAQ (information about the use of this tool is provided in its Help file)

Figure 10 – Speed graph on Sport DAQ. During the drag test the speed is constant

3.2. The drag curve test
This test draws the curve of the drag with respect to speed. Follow these steps:
1. Run the drag test 5 times, increasing the speed each time (for instance 1.4 m/s, 1.6 m/s, 1.8 m/s, 2
m/s, 2.2 m/s).
2. Plot the data with Sport DAQ
3. Using the average value of drag for each test, draw the drag curve on Excel (Figure 11)
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Figure 11 – The drag curve of a swimmer
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3.3. The critical speed test
This test measures the efficacy of the thrust produced by kicks. Follow this procedure:
1. Carry out the drag curve test
2. Carry out the same test, this time with the athlete kicking at maximum intensity
3. Draw the two drag curves on the same chart (Figure 12)
4. The point where the two curves intersect is the critical speed; above it, the kicks act as a brake.
The higher the critical speed, the more effective is the action of the legs
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Figure 12 – The critical speed of this athete is about 2,25 m/s; her kicks are very effective

3.4. The maximum thrust test
This test can measure the maximum thrust the athlete can produce in the water. In this case the machine
acts as a brake. Follow this procedure:
1. Run the Homing procedure (see Help of the control interface)
2. Let the athlete wear the belt at the end of the cable around his waist
3. Set the machine to Force mode
4. Start the data acquisition
5. Tell the athlete to swim away from the machine
6. Gradually increase the braking force produced by the machine. Start with a very low value
7. At each increase of the braking force, the swimmer will slow down his speed. When he can no
longer advance, stop the acquisition and stop the motor
8. Analyse the data with Sport DAQ

3.6 11 tips for a correct and safe use of BHD
1. Keep the power supply at least 2 m away from the pool
2. Never remove the plastic covers from the machine
3. Make sure that both green lights (on the power supply and on the machine) are switched on
4. Make sure that the red light on the power supply is off
5. Make sure that the red emergency button on the machine is off
6. On the PC control panel-> device manager, check that the USB connection appears under COM
and LPT ports as “Prolific USB-to-Serial Comm port”
7. Always have a person near the machine to control the cable and switch off the emergency button
in case of trouble (Figure 13)

Figure 13 – A person should always attend to the machine
8. Always stop the motor from PC when the athlete approaches the wall. Don't wait for the
photoelectric switch to do it for you.
9. Be very prudent when using the machine in force mode.
10. When using the machine in force mode, always have a swimmer attached to the end of the cable
(without a load the motor would spin out of control)
11. Switch off the system when you don't use it.

3.7 Maintenance
BHD doesn't require much maintenance. Periodically lubricate the transmission chain and tighten the bolts
if necessary. If the chain gets loose, adjust its tension by loosening the four bolts of the plate where the
motor is mounted and moving the plate slightly backwards.
If the cable is broken or needs to be replaced, it is absolutely necessary to place the plastic bodies
back in the right position. Contact APLab for support.

3.8 AFTER SALES SUPPORT
For assistance and support please contact:
APLab - Ing. Nunzio Lanotte
Via G. Trissino 23
00137 ROMA
tel.

+39 06 82059398

cell.

+39 320 1456792

E-mail:

info@aplab.it

TECHNICAL SPECIFICATIONS
Size and weight
Length

35 [cm]

Width

35 [cm]

Heigth

24 [cm]

Weigth

≅ 16 [kg]

Frame material

AISI 316 stainless steel

Type

DC brushless

Voltage

30 [V]

Power

750 [W]

Torque

2,86 [Nm]

Max. continuous current

30 [A]

Motor

Transmission
Type

Chain

Transmission ratio

5,7

Cable max. speed

2.86 [m/s]

Max. traction force

230 [N]

Performance

