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Executive summary
In the current report, the process of creating a modern and ergonomic medical cart to host all the
electronic devices needed for proper operation of the SOUNDPET system is described in detail.
An already existing cart of the company 'Haeberle' was modified according to the requirements
and specifications of the current electronic system, which consists of a laptop, a motor driver, and
an amplifier. The final product resulted from continuous improvements made during the design
process. The design specifications of the cart were decided to account for both functional and
aesthetical criteria. Regarding the manufacturing process, the material and the thickness of each
individual compartment of the cart assembly were properly selected based on stress analysis using
simulations. The process of designing and developing the cart, as well as the features of the final
product, are described below.

Introduction
The purpose of creating this board/cart is to assembly all the electronic components in a small
ergonomic system, simultaneously enabling their ease transportation and avoiding incorrect cable
connection by the user. A common problem faced when looking for such products in the market,
is that companies do not produce a single product due to increased costs. Most of the times, only
mass production can be done with a minimum number of 1000 pieces. Even in the case where the
company agrees to produce a single product, the cost of production will be fairly high. For this
reason, we decided to modify the cart of the company 'Haeberle' since it is close to our
requirements. The cart as offered by the specific company, has one power supply, a metal shelf,
two plastic shelves, and a drawer, as shown in Figure 1. Our electrical panel/cart consists of a
laptop computer, a motor driver (Figure 2), an amplifier (Figure 3), and a signal generator (Figure
4). The existing cart has the ability to hold the weight of these electronic devices. According to the
manufacturer, the metal shelf can hold 15 kg and the plastic shelf can hold 25 kg.

Figure 1: Existing cart from company Haeberle.
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Figure 4: Motor driver.

Figure 3: AG Series Amplifier (T&C Power Conversion, inc).

Figure 2: Signal generator (Agilent).

Design ideas
First idea: Expansion of existing plastic shelves
The first idea was to keep the existing plastic shelves. However, the existing plastic shelves have
small width, and thus, the amplifier is protruding approximately 7 cm, as shown in Figure 5. To
solve this problem, we designed plastic extensions which could be 3D printed to be attached on
the existing parts, as shown in Figure 6.
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Figure 6: The offset between amplifier and plastic shelves.
In Figure 6A, we see the existing stand, which was modified. To create the final product, which is
shown in Figure 6C, we needed to create 6 metal structures, which are shown in Figure 6B. The
metal part 1 is the top cover of the cart, on which we can place objects up to 10 kg. The metal parts
2, 5 and 6 have been created to hold the motor controller, the amplifier and signal generator. The
part 4 is the door, which gives us access to the interior of the cart so that we can control the electric
parts.

Figure 5: First idea: Expansion of existing plastic shelves. A) Existing cart, B) Design
modifications, and C) Final Product.
The final product is developed by assembling all the pieces. CAD drawings of the front and the
back view of the product are shown in Figure 7 and Figure 8, respectively.
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Figure 7: Front isometric projection of the
designed cart (1st idea).

Figure 8: Back isometric projection of the
designed cart (1st idea).

Second idea: Replacement of plastic shelves
After completing the first idea, we identified a significant defect. The plastic shelves have a
complex shape, which makes construction difficult. Thereby, we moved to the second idea, which
was similar to first one, but also included replacement of the plastic shelves with metal ones,
knowing it increases the cost due to the construction of 4 extra pieces. In Figure 9A we see the
existing cart without shelves and drawer. In their place we have placed two metal shelves as shown
in Figure 9B.

Figure 9: Second idea: Replacement of plastic shelves with metal shelves. A) Existing cart
without plastic shelves, B) Design modifications, and C) Final Product.
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In Figures 10 and 11 we can see the final product. The only difference between the two ideas is
the replacement of the plastic with metal shelves and the removal of the plastic drawer.

Figure 10:Front isometric projection of the
designed cart (2nd idea).

Figure 11: Back isometric projection of the
designed cart (2nd idea).

Third idea: Optimization of 2nd idea
The 2nd version of the cart needed aesthetic improvements. Specifically, two main defects were
identified. Initially, the designed cart was quite bulky and secondly, the screw heads were visible
in several places. For this reason, we decided to reduce its volume to the minimum possible, thus
resulting in weight reduction. We have also managed to hide the screws by modifying some parts
simultaneously increasing their complexity, as well as by adding a plastic cover. In Figure 12, the
plate to which all the screws are attached is indicated with number 2. The plastic cover that was
used to hide the screws of the metal part 2 is indicated with number 1. Notably, the cover can be
tightened from the interior of the cart. Overall, this cart consists of 14 pieces; 13 metal and 2 plastic
parts.

Figure 12: Third idea: Optimization of 2nd idea. A) Existing cart without plastic shelves, B)
Design modifications, and C) Final Product.
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Figures 13 and 14 show CAD drawings of the front and back isometric views of the designed
cart (3rd idea).

Figure 13: Front isometric projection of the
designed cart (3rd idea).

Figure 14: Back isometric projection of the
designed cart (3rd idea). Forth Idea: Volume
and weight reduction

Forth Idea: Volume and weight reduction
The fourth idea was to remove the signal generator and manage to properly operate the amplifier
without using the generator. This allowed reducing the volume and the weight of the cart even
more, simultaneously contributing to cost reduction. . This cart consists of 10 parts; 8 metal and 2
plastic parts, as shown in Figure 15.

Figure 15: Forth idea: Control amplifier without a signal generator. A) Existing cart without
plastic shelves, B) Design modifications, and C) Final Product.
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Figures 16 and 17 show CAD drawings of the front and back isometric views of the designed
cart (4th idea), respectively.

Figure 17: Front isometric projection of the
designed cart (4th idea).

Figure 16: Back isometric projection of the
designed cart (4th idea).

Comparison of ideas
The four versions of the cart as designed according to the aforementioned ideas were compared.
Figure 18 presents the front view of the four designs, whereas Figure 19 shows the side view.

Figure 18: Comparison of the several designs. The front view of the cart designed by
implementing the A)First, B) Second, C) Third, and D) Fourth ideas.
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Figure 19 : Comparison of the several designs. The side view of the cart designed by
implementing the A)First, B) Second, C) Third, and D) Fourth ideas.
First Vs Second Idea
The first idea was implemented by expanding the existing plastic shelves of the cart with the
addition of specially designed metal parts. As mentioned above, the first idea resulted in a bulky
cart, which will be complicated to be manufactured. The second idea was to replace the existing
shelves with metal ones. As revealed by comparing Figure 18A and Figure 18B, as well as Figure
19A and Figure 19B, the only difference is that in the second version the electronic devices are
arranged more compactly in height (650 to 505 mm). Accordingly, the first idea was rejected.
Second Vs Third Idea
Then, an attempt was made to reduce the volume of the cart, as well as to improve it aesthetically.
Going from idea 2 to idea 3 we managed to reduce the length by 100 mm, but the height was quite
increased by 40 mm, as shown in Figure 18 and Figure 19. Notably, the increase in height is due
to the design modifications done to hide the screws.
Third Vs Forth Idea
Finally, we managed to further reduce the size by removing the signal generator. The electronic
devices were thus fitted in a smaller space of 380 mm in height, whereas the other dimensions
were maintained.
As expected, we chose to implement the fourth idea, since the relevant cart constitutes an
improved version of the previous ones in terms of design, ease of use, and cost-effectiveness.
Development SpecificationsBefore proceeding with the order of the cart, we did some search

regarding its construction materials and the thickness of each individual part shown in Figure 20.
Due to the high cost of the electronic devices hosted by the cart, we set a high safety factor of 5.
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Figure 20: Assembly of the several parts of the cart.
Development of the top cover: part 1
Figure 21 shows the top cover of the assembly, which is attached to part 2 to hide the screws
improving the cart aesthetically.

Figure 21: Isometric projection of part 1.
The holes A were designed for attaching part 1 to part 2 via screws. B in Figure 21 holds the plastic
part of the amplifier(avoids damage). The material we decided to use for the construction of part
1 is Polylactic Acid (PLA), which has a characteristic Tensile Strength of 30 MPa. The part is
completely filled with PLA having a thickness of 3 mm and can hold up to 40 kg. For stress
analysis, simulations were performed using the 'SolidWords' application. The corresponding
Tensile Strength diagram is shown in Figure 22, whereas the material displacement diagram is
shown in Figure 23. Figure 22 reveals a maximum tensile strength of 5.891 MPa ≈ 6 MPa. Since
the characteristic tensile strength of PLA is 30 MPa, the corresponding safety factor is F.S =
30 𝑀𝑃𝑎
= 5,09. This value is close to the predefined safety factor, and thus, no optimization
5,891 𝑀𝑃𝑎
changes are needed. Investigation of the material displacement as function of the position (Figure
23) is essential due to the high elasticity of the PLA plastic. Figure 23 reveals a maximum
displacement of 1,457 mm. The maximum displacement is sufficiently small and is located in
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positions where it does not affect adjacent compartments. Also, the mass of part 1 as estimated by
the application is 0,6817 Kg. Thereby, this plastic shelf can lift 40 kg.

Figure 23: Diagram of the stress as function of the position for part 1.

Figure 22: Diagram of the displacement as a function of the position for part 1.
Development of holders: part 2 and part 6

Figure 24: Ιsometric projection of part 2 and part 6.
Part 2 and part 6 are located below the part 1 and they must be able to hold the maximum load of
part 1 (40 kg) plus any additional load. Specifically, the maximum load of part 2 is estimated at
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50.6817 Kg ≈ 51 Kg (40 Kg + 0.6817 Kg + 10 Kg). Stainless steel A316 with a characteristic
Tensile Strength of 520 MPa was selected for manufacturing these parts. By using a thickness of
3 mm and a maximum load of 51 kg, the maximum tensile strength is 1,228 MPa, as shown in
520 𝑀𝑃𝑎

Figure 25. This corresponds to a large safety factor of F.S = 1,228 𝑀𝑃𝑎 = 423.45. This factor can
be reduced by changing the material or the thickness of the part. However, in this case, the
maximum displacement of 1.861 mm as indicated in Figure 26 would be increased, given also that
the selected material is ductile and has great elasticity.

Figure 26: Diagram of the stress as function of the position for part 2 and part 6.

Figure 25: Diagram of the displacement as a function of the position for part 2 and part 6.
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Development of holders: part 5 and part 10
Part 5 and part 10 should withstand the weight of the amplifier, which is 12 kg. However, it is
more efficient to consider a maximum load of 20 kg for safety reasons. These parts were also
manufactured using stainless steel A316 with a thickness of 3 mm. Figure 27 reveals a maximum
stress of 156 MPa. The safety factor (F.S) is 3316. However, Figure 28 shows a corresponding
maximum displacement of 3.788 mm. Therefore, we did not reduce the thickness since this would
increase the displacement even more. The total mass of these two parts is 0.420 kg.

Figure 28: Diagram of the stress as function of the position for part 5 and part 10.

Figure 27: Diagram of the displacement as function of the position for part 5 and part 10.
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Development of the other compartments
For all the other parts, we did not perform a stress analysis because they have a supplementary
role, covering or holding some other parts, and they don't hold heavy load. Accordingly, these
parts were made with the minimum thickness necessary.

Ergonomics of cart
The handling of the electronic devices is easily done using a laptop, which is placed at the top
shelf of the cart, as shown in Figure 29A (no.1). Operation of the system through the computer is
much faster and more accurate than manual operation. The operator enters the commands at a userfriendly interface of a specially designed Magnetic Resonance guided Focused Ultraosund
(MRgFUS) software, and then, the procedure is performed automatically (i.e., robotic motion
execution and sonication). Since continuous monitoring of the system is not necessary, the operator
is facilitated in his work. However, the cart is designed to enable both automatic and manual
control of the system. In the case of manual operation, the operator sits in front of the cart, which
has a proper height so that the electronic components (motor drivers and amplifier) to be located
at eye level, as shown in Figure 29A. On the contrary, automatic operation is done with the operator
in an upright position. Again, the laptop is located at an appropriate height convenient for the
operator, as shown in Figure 29B and Figure 29C.

Figure 29: Ergonomics of cart. A) Manual operation, B) and C) Automatic operation through
software commands.
All the wiring is achieved using plugs and connectors that are located at the back side of the cart
to avoid any accidental events, as shown in Figure 30. The main power supply is connected to the
power supply plug shown in Figure 30A, and then, the several branches are further connected
through the cart column shown in Figure 30B.
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Figure 31: Cart wiring using connectors.
Figure 31 shows a photo (front view) of the developed medical cart.

Figure 30: Photo (front view) of the developed medical cart.
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Figure 32 shows photos (side views) of the developed medicasl cart.

Figure 32: Photos (side views) of the developed medical cart.
The connectors that were placed at the back side of the medical cart are shown in Figure 33.

Figure 33: The back side of the medical cart where all the connectors were placed.
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Conclusions
A medical cart was developed to host the electronic devices (i.e., the motor driver, amplifier, and
laptop) of the SOUNDPET system. An existing cart developed by the company 'Haeberle' was
modified according to the specifications of the present system. The first idea was implemented by
expanding the existing plastic shelves of the cart with the addition of metal parts designed to host
the motor driver, amplifier, and signal generator. However, this approach resulted in a bulky cart.
In the next version, the plastic shelves were replaced with metal shelves and the electronic devices
were arranged more compactly in height. The third idea aimed at reducing the volume of the cart
even more, as well as at improving the system aesthetically by making design modifications and
adding additional covers. In the final version, the signal generator was removed, and thus, the
motor driver and amplifier were fitted in a smaller space. Notably, the FUS system can be properly
activated by the amplifier, without the need of a separate signal generator. As expected, we chose
to implement the fourth idea, since the relevant cart constitutes an improved version of the previous
ones in terms of design, ease of use, and cost-effectiveness. The material and thickness of each
compartment of the cart assembly were carefully selected based on simulations of the stress and
material displacement as function of the position under specific maximum load, as well as
considering predefined safety limits. The parts that serve as holders and should hold a heavy load
were manufactured using stainless steel A316, whereas the top cover was manufactured using PLA
thermoplastic. The final cart is lightweight and thus easily transportable, easy to use and
ergonomic. All wiring is achieved using connectors and plugs. Overall, the developed cart has all
the features of a commercial product.
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