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INTRODUCTION
The assistive devices developed for NMD and MND patients must fulfill specific 
requirements from mechanical engineering point of view. These devices must have very 
high mechanical efficiency to minimize energy consumptions and ensure proper force 
feedback to the user. These devices should feel natural while being used and should 
not impose resistance to movement, should be easy to operate and augment the lost 
capacity of the user’s body parts that it is complementing. As a result, they should not 
only carry their own structural weight but also carry the weight of the associated body 

part of the user. To achieve this effect gravity compensating mechanisms are employed. 
The current chapter will provide a brief description of the principle followed by the 
general design steps used for the orthosis development presented in the current thesis.

Principle of Static Balancing
There are several names given to gravity compensating systems such as statically 
balanced systems, energy free systems or gravity balanced systems. In definition 
these are mechanical arrangements that can operate by keeping the total energy of 
the system constant in a gravitational field i.e. the can compensate for the changes in 
gravitational force [1]. This principle when applied in assistive devices ensure that less 
force is required to control or move the device.

There are several ways to achieve the effect. The most commonly used methods include 
the counterweight balancing method [2-5] and the spring balancing method [6-10].

As the spring balancing method allows for compact and light weight construction 
compared to counterweight balancing method, it is the most popular method to achieve 
static balancing in assistive devices. Before going in to the basic principle of spring 
balancing method it is necessary to understand the concept of zero free length spring. 
A zero-free-length spring is a linear spring whose length is zero when the spring force 
is zero [11]. Obviously, this is a theoretical definition and a spring with zero coil length 
cannot be made in reality. So, these springs are manufactured in a special way by 
manufacturing a coil spring with built-in tension. This allows the spring to contract 
further than its equilibrium point thereby allowing the zero force point to occur at 
theoretical zero length.
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In the following section the basic construction of spring balancing system is presented:

Figure 1: The gravity balancing of a rotary mass system fitted with a zero-free-length spring [9]

Let us consider a rotary uniform mass m attached to a zero free length spring device as 
shown in figure 1. In the configuration shown in the figure the link of length S can freely 
rotate around the joint O at any angle q. The gravitational acceleration g acts in the 
negative y direction. The zero free length spring is attached between the points A and 
B. The lengths a and b represent the lengths between point A and O and between O and 
B, respectively, as shown in figure 1. All angles are measured counter clockwise from 
positive x direction. In the following equations bold letters represent vector parameters.

From the system shown in figure 1, the gravitational potential energy,  can be 

expressed as:

     (1)

Where, S is the position vector from point O to the center of mass m.

2
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The elastic potential energy, of the system can be calculated as

  (2)

Where k is the spring constant. By adding eq. 1 and 2, the total potential energy, U can 
be calculated as

        (3) 

By rearranging eq. 3,

  (4)

To keep the potential energy of the system invariant the coefficient of  needs to 

be zero. So, eq. 4 becomes 

       (5)

Equation (5) is known as the basic balancing condition. This implies that the system is 
always in equilibrium regardless of its configuration as long as the equation is satisfied. 
The design parameters, k, a, and b, of the zero-free-length spring can be determined 
for a given system for specific values of m and S. Normally, selection of the spring 
constant k is determined prior to that of a and b because of the specifications of the 
available spring.

This principle of static balancing has been used, albeit in more complex mechanical 
configurations than figure 1, in the trunk and neck orthosis presented in the subsequent 
chapters. Hereafter this will be mentioned as principle of gravity compensation.

DESIGN METHOD
The design of the trunk and neck orthosis was developed based on systemic design 
approach [12, 13]. The main workflow for developing the trunk and neck orthosis 
(including the design steps) are given below:

1. Problem definition (through interviewing stakeholders).
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2. Stakeholder Analysis (categorizing the demands in terms of importance).

3. Making list of requirements (based on safety, performance, usability, manufacturing).

4. Functional analysis of the device (defining the main functions and how to achieve 
them).

5. Generating different concepts of the orthosis for achieving the goals from functional 
analysis.

6. Choosing the most potential concept (judging on the basis of how much functionality 
is achieved).

7. Generating computer aided design (CAD) model and implying finite element analysis 
to check suitability for different materials.

8. Performing mechanical testing of the device and perform risk analysis.

9. Making the prototype to test with healthy participants and patients.

2
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