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Abstract: The pressure on a horse's back can affect their performance during the equestrian competition. A 

better pressure distribution on the surface of the horse's back can be obtained using a custom saddle, 

considering the rider's weight and back anatomy. The first part of the paper presents a recent study 

regarding the mathematical and CAD methods used to generate the hyperbolic paraboloid of the saddle 

surface. The second part of the paper shows the saddle design modelled using CAD software. The horse's 

back and rider's anatomy stay at the base of the saddle's surface. The saddle surface is divided into several 

areas for a better and more accurate evaluation. The third part of the paper presents the saddle evaluation 

using the finite elements method, using two load simulation cases in different rider situations. The 

improved shape of the saddle and conclusions are shown in the last part of the paper. 
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1. INTRODUCTION 

 

1.1 General context 

A good symbiosis between the horse and the 

competitor influences success in horse competition. The 

saddle connects them, designed to distribute the 

competitor's mass more effectively from the horse's back. 

In general, saddles of standard sizes for daily activities 

on a farm are used, which can be a disadvantage in 

competition. The horse saddle is defined by the shape of 

a hyperbolic paraboloid, a double-curved surface created 

by a movable line parallel to a fixed plane that crosses 

two fixed oblique lines [1]. In horse competitions, it is 

recommended to use custom-made saddles tailored to the 

horse's anatomy, which provide better coverage of the 

rider's mass distribution. The development of the saddle 

can be traced back to the nomads from the Eurasian 

steppe, who designed it for long horse trips in the 7th 

century B.C. [2]. 

Interaction between saddle-horse backs can have 

repercussions in the case of sports competitions; these 

can cause pain to the horse's back, and it no longer 

manages to perform. Nowadays, saddle pressure 

reduction on the horse's back is extensively studied, and 

new materials for the construction of saddles and 

costumed saddle geometry behind the horse's back are 

produced. A complete study on pressure reduction by the 

seat panel is presented by Murray et al., where accurate 

data is taken from the riding, and graphical diagrams of 

the distribution of the saddle pressure on the horseback 

are presented [3]. 

Thermography, a method that measures the 

temperature of the back surface and the contact surface 

of the saddle, can help determine a more balanced 

distribution of the saddle's pressure in the thoracic region 

of the horse's back. In current studies, this technology is 

used to detect a reference grid, a visual representation of 

the temperature distribution obtained by measuring the 

temperature from the thoracic surface of the horse's back 

using a thermal camera [4]. 

It's crucial to recognize that the geometry of the 

saddle plays a pivotal role in the biomechanics of both 

the horse and the rider. This underscores the need for a 

harmonious rider-saddle-horse interface. As academic 

researchers and horse competition enthusiasts, it's our 

responsibility to understand and optimize this interface 

[5–6]. 

This study presents the stages of saddle design, which 

include determining the areas on the horse's back 

affected by the saddle's geometry and improving the 

saddle's geometry according to the horse's back geometry 

to increase horse comfort when using the horse saddle 

during horse competitions. 

 

1.2 Saddle parts 

To better understand the saddle parts in Figure 1, the 

essential components of an American Polo Saddle, which 

are in contact with the horse's back surface, are presented 

[7]. 

 

 

Figure 1 Saddle parts 

 

2. SADDLE CAD DESIGN  

 

The custom saddle design is done by scanning the 

horse's body and reconstructing its shape using CAD 

software or by visually approximating the shape of the 

horse's back. The following presents the method of 

creating the model of the horse's back and the structure 

of the customized saddle. 

 

2.1 Horse body design 

The first step in our modelling process is designing 

the horse model, which specifically focuses on the 
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contact portion between the saddle and the horse's back. 

Figure 2 illustrates this process. This process involves 

using construction plans, on which the sketches defining 

the exterior surface of the horse are drawn. 

 

       
 

a) 3D Sketch b) Horseback surface 

      
 

c) External surface d) Horseback model 

Figure 2 CAD horseback model. 

 

In this study, the dimensions of the horse's anatomical 

model are measured from the horse and modelled in the 

CAD environment. For greater accuracy of the horse's 

back surface, the back of the horse can be scanned, and 

the surface from the resulting images of the tomograph 

computer can be reconstructed. Another easier method is 

to reconstruct the three-dimensional model through the 

interlude of 3D scanning with a dedicated scanner. 

 

2.2 Saddle design 

The geometry of its model is generated starting from 

the three-dimensional model of the horse's back, as 

shown in Figure 3. In the first stage of modelling, 

parallel planes are drawn. These sketches define the 

shape of the sections, and the surface geometry is given 

by the guiding curves that unite the sketches on the 

parallel planes. In the second stage, the lower surface of 

the saddle, the lower part that is in contact with the back 

of the horse, is generated. 

 
      

      
a) 3D Sketch b) Saddle surface 

           

c) Saddle external surface d) Saddle model 

Figure 3 Saddle model generation. 

 

Once the contact surface is established on the horse's 

back, the modelling of the side saddle, where the rider 

sits, commences. This process involves following the 

contours of the already generated surface and 

approximating the rider's settlement surface. The 

resulting saddle model, as depicted in Figure 4, is 

designed to be generically and stirrup-modelled to 

support the rider's legs. 

 

 
a) Front view b) Rear view 

Figure 4 CAD horseback model. 

 

2.3 CAD saddle assembly 

The saddle model is assembled on the horse's back 

model so that it can be visually evaluated according to 

Figure 5. The triple projection presented in the figure, 

completed by axonometric projection, provides a clear 

view of how to lay the saddle on the horse's back. 

 

 

Figure 5 Overall dimension of models. 

 

The next step for validating the proposed model is 

analyzing the contact between the saddle and the horse's 

back. Also, care should be taken to ensure the rider's 

prolonged comfort during riding. 

 

3. SADDLE SHAPE ANALASYS 

 

The analysis of the uniformity of the contact between 

the saddle's surface and the horse's back is not just a 

theoretical exercise. It has direct implications for the 

comfort and performance of both the horse and the rider. 
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The present paper studied two cases: when the jockey is 

placed totally on the saddle and when the horse is raised 

and standing, the charging being only on the stirrup. 

 

3.1 Base saddle geometry analysis 

Figure 13 shows how the contact surfaces of the 

saddle and the horse's back are divided into eight zones 

to determine the pressure zones exerted on it. 

 

 

Figure 6 Divided surfaces of horse back and saddle. 

 

The finite element method is employed to establish 

the uniformity of pressure with utmost precision, which 

requires meticulously establishing the boundary 

conditions and incorporating materials that faithfully 

mimic the horse body and the components of the saddle. 

For the lower element of the saddle that comes into 

contact with the horse's back, a rubber-based material is 

chosen, and for the element on which the rider is placed, 

a plastic material was chosen. For the horse's body, a 

more elastic rubber-based material is chosen. In the first 

case of simulation to evaluate the pressure distribution, 

the rider is considered to be placed on a portion of the 

surface of the saddle, as can be seen in Figure 7. In the 

second case, the loading is done only on stirrup because 

it is considered that the rider does not sit on the surface 

of the saddle. 

 

Figure 7 Pressure action on saddle surface. 

 

For a better comparison between reality, in which the 

mass load is dynamic, and simulation, in which the load 

is static, the rider's weight is considered to be 120 kg. 

 

3.2 Base saddle results  

In the first case where the rider's mass is distributed 

on the defined surface of the saddle, on the back surface 

of the horse, the more pronounced pressure area is in the 

back of the saddle, in areas 3, 4, 7 and 8. Figure 8 

presents the side and top view of the horseback pressure 

distribution according to the first simulation case. 

 

 
a) Side view 

 
b) Top view 

Figure 8 Case 1 - Pressure distribution on the horse back 

surface. 

 

The back of the saddle affects the back side of the 

horse, so the pressure is not evenly distributed on the 

back of the horse. Figure 9 presents the pressure 

distribution for the second case, when the mass acts on 

the saddle stirrup, lifting the rider from the horse back on 

the stirrup. 

 

 

a) Side view 

 
b) Top view 

Figure 9 Case 2 - Pressure distribution on the horse back 

surface. 

 

3.3 Improved the saddle geometry 

After analysing the results, a proposed saddle 

geometry is modified to reduce the pressure in the 

vertebral area. The lining shape of the saddle is changed 
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to relieve the pressure on the spine. Figure 10 presents 

the modified part of the saddle.  

 

        

Figure 10 Improved geometry of saddle surface. 

 

The study is run under the same boundary conditions 

as the first case. Figure 11 shows the results obtained 

from the first case. It can be observed that the pressure is 

distributed on the horseback area better than in the base 

model. 

 

 

a) Side view 

 
b) Top view 

Figure 11 Case 1 - Pressure distribution on the horse 

back surface (improved geometry). 

 

Figure 12 presents the results of the second case, 

which shows the pressure distribution of the rider's 

weight on the horseback. 
 

 
a) Side view 

 

b) Top view 
Figure 12 Case 2 - Pressure distribution on the horse 

back surface (improved geometry). 

4. CONCLUSIONS 

 

This paper studied the modelling of a saddle used in 

horse competitions. The use of the CAD modelling 

environment and the software's capabilities to create the 

model assemblies are strong points, increasing the 

accuracy of the results. The analysis of the pressure area 

on the surface of the horse's back is carried out using the 

finite element analysis method. The materials used in the 

study are approximately similar, and the values of stress 

or displacements are not considered, following strictly 

the distribution of pressure caused by the rider mass on 

horseback. 
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