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Executive Summary   
The senior design project, Shear Stress Sensor Design, is a project sponsored by Dr. Benjamin Dickinson 
at Eglin Air Force Research Laboratories. The purpose for the project is to design a sensor that has the 
capabilities to decouple pressure and shear force and be affordable for mass production. There is a need 
for an accurate shear stress sensor because the shear force is directly related to the drag on an air 
vehicle. With the ability to know the shear forces being applied on the vehicle, an adjustment can be 
made to lessen the drag; which saves fuel consumption for the aircraft.  Current shear stress sensors 
have issues in which their practicality is only in lab use, i.e. debris causing error and complexity of 
calculation, or not cost effective for mass production. Cholesteric crystals will be used to perform the 
task of measuring shear force because of their visual properties. When a force is applied to cholesteric 
crystals the pitch of the crystals changes, thus changing the color that is reflected. 

To create a pure shear force, a linear servo is used to transmit motion to a shear block which then 
applies the force to cholesteric crystals. Since the shear block will need to be in contact with the liquid 
crystals, a light emitting diode (LED) will be required at the base to reflect light through a slot in the 
baseplate. To collect all of the data from the reflected light, a fiber optic cable connected to a USB 
spectrometer will determine the wavelengths of the reflected light, and then display a graph on a 
computer. Once experiments are completed, a relation will be found between the voltage applied and 
wavelength received. The voltage from the load cell can be converted to the force applied by the servo 
motor, which can be used to determine the shear stress applied to the specimen. If the experiment is 
successful in correlating the shear force to wavelength, further experimentation on a polymer 
cholesteric crystal will be performed. The reasoning behind testing a polymer is because the liquid 
crystal has the ability to be displaced with motion. 

The testing procedure and testing apparatus concept was created by a graduate assistant over the 
summer but never completed. To complete the design a holder is required for the LED and fiber optic 
cable, a shear block, and a method to measure angles for the LED and fiber optic cable. After preliminary 
experimentation with the LED and fiber optic cable, it was found that the angle between the two is 
important because the spectrometer can only read the crystals when the LED’s light is reflecting directly 
into the spectrometer.  

All parts have been machined and ordered. As previously stated some of the preliminary testing has 
been conducted like the calibration of the load cell and spectrometer/LED calibration. 

For the upcoming spring semester, testing and analysis of the project will be carried out to see how the 
liquid crystals are affected by the shear forces. 
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Introduction 
There currently isn’t a small, inexpensive, and accurate method of measuring shear stress. The current 
methods aren’t able to decouple the normal force from the shear force. It is hypothesized that normal 
and shear forces can be decoupled by measuring the light emitted from cholesteric crystals attached to 
a body undergoing a shear force. The project topic was thought up by Dr. Oates of Florida State 
University. Dr. Dickinson of Eglin Air Force Base realized that this is a very important problem that 
needed to be solved and offered to finance our project. The current testing apparatus, created by Dr. 
Oates and his research assistant Matt Worden, is partially completed and needs to be completed before 
any testing can begin. Once we complete the apparatus we can begin research on whether cholesteric 
crystals can accurately measure shear stress better than the other methods existing today. 

Project Scope: 

Needs Assessment:  
A testing apparatus for cholesteric crystals is required to determine if the crystals are able to be used as 

a consistent visual meter for shear stress. 

Problem Statement: 
There currently isn’t a shear stress sensor that only measures shear stress. The current methods 

unintentionally measure part of the normal component of pressure on the body as the shear stress. The 

current methods are also large and expensive. The cholesteric crystals attributes indicate that they 

might be able to only measure the shear component of stress; decoupling the shear from the normal 

stress. The cholesteric crystals can also be modularly attached to materials and measured with only a 

fiber optic spectrometer. This would make it possible to cheaply measure shear stresses outside of the 

lab environment.  

Background: 
The liquid crystals are not a new item, but they have never been used to find shear stress. Dr. Dickinson 

from Eglin Air Force Base is our sponsor providing us with the funds for the project. However our faculty 

advisor Dr. Oates will be providing most of the background information along with a lab and materials. 

The physical design will be to create a testing apparatus, but the data collected during experiments will 

be the bulk of our effort. The data collected will show how cholesteric crystals react to shear stress 

under various conditions. Eglin and Dr. Oates both hope to use this data to determine if this method of 

testing shear stress is viable for use on aircraft, underwater applications, robots, and other equipment. 

There are currently other shear stress sensors existing, but there isn’t a method that is widely used and 

simple. There currently isn’t much research in regards to using liquid crystals for sensing shear stress but 

there is a patent for the cholesteric crystals in the form of a polymer. 
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Previous Technology: 
In the past few years, skin friction has become an important parameter in the aircraft industry because a 
reduction in drag directly correlates to a reduction in fuel consumption. As a result, many techniques for 
measuring shear stress have risen; but scientists are still having challenges with them. Some can only be 
used just in laboratories while others are very expensive. In the upcoming section different methods for 
measuring shear stress will be presented along with their advantages and disadvantages. 

MEMS-based techniques 
Microelectromechanical systems (MEMS) are, by definition, devices that have been fabricated using 
silicon micromachining technology. In general, it allows high resolution, time-resolved and quantitative 
fluctuating turbulence measurements in a controlled wind tunnel environment.  However, the open 
nature of these sensors is not well suited for dirty environments in which debris may be trapped in the 
sensor gaps.  

The three types of MEMS sensors are direct sensors, thermal sensors and laser based sensors. An 
example of direct sensors is shown in the figure below. In this case, the displacement of the floating 
element is a function of wall shear-stress. Therefore, it can measure the integrated force produced by 
the wall shear stress on a flush movable “floating” element. 

 

Figure 1- MEMS Direct Sensor (Naughton) 

 

Thin-Oil-Film techniques 
Thin-oil-film is a quasi-direct means of measuring skin-friction where the motion of the oil film is 

sensitive to shear-stress, gravity, pressure gradients, surface curvature of the oil and surface tension. As 

fluid passes over the model, the oil thins. To quantify the thinning rate of the oil, the oil thickness “h” is 

measured, normally via interferometry. It is possible to correlate the measurement of the oil thickness 

to local skin-friction using a form of the thin-oil-film equation.  
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The figures below show the interference fringes in interferometry and a schematic of an image-based 

oil-film technique. The common components of the measurement apparatus are the light source, a 

detector camera and a suitable model surface.  

 

 

Figure 2- Schematic of image based oil film technique (Naughton) 

 

 

 

 

 

 

 

 

 

 

 

Single points, line, 1D and 2D techniques are examples of Thin-oil-film shear stress measurement.  The 

advantages vary depending on the method selected, but the main limitation is the optical access 

required.   

Figure 3- Interferometry finges (Naughton) 
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Liquid crystals coating techniques 
Liquid crystals are a group of substances that display characteristics of both liquids and solids. When a 

shear stress is applied to the crystals, there is a change in the birefringence and also a selective 

reflection of light from the liquid crystal layer.  The major classifications are isotropic, pneumatic and 

chiral/cholesteric. From these cholesteric is the material with more important properties to changing 

forces. 

One of the advantages is that, as it does not need electricity, it can be used in dirty environments. 

However, some limitations such as the color dependence on illumination and observation angles, as 

illustrated in the figure below, constitute a problem for scientists who want to apply this technology 

outside the laboratory. As a result, the optical access, calibration and accuracy have to be considered 

before its use.    

 
Figure 4- Viewed from different points, distinct change in color is observed (Naughton) 

Devices for the measurement of light reflected from the crystal as the following have been developed.  
Figure 5 shows a patent scheme based on a laminate structure of a crystal polymer substrate attached 
to a test surface of an article. 
 
 

 
Figure 5- Patent 5223310 – Shear stress measurement apparatus (Singh) 
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THEORY 
To model the problem described, two kinds of loads were studied. For the first one, which is constant 

through the domain x, the plane theory can be applied. For the second, represented by oscillating load, 

the Timoshenko equations and boundary conditions are more appropriate. Both distributions can satisfy 

the real case, depending on the way in which the experiment is executed.    

Constant Load 
The problem that will be analyzed can be simplified applying the plane strain theory when a constant 

load is applied. In this case, the strain normal to the x-y plane   , and the shear strain            are 

assumed to be zero. This assumption can be done because the dimension of the structure in one 

direction (z), is very large in comparison with the dimensions of the structure in the other two directions 

(x and y coordinates axes). 

 
Figure 6-Section of the structure in Z direction. Material in a state of plane strain 

 

 

The strong form for solid mechanics problems is set below: 

Equation 1 
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Equation 2 
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Where σ is the stress, u is the displacement, ρ is the density and   is the problem function. As in this 

case the problem is stationary,  ̈ is zero. In addition,   is also zero. Recalling the equations for the 

Hook’s Law,  
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Equation 3 
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Where   is the strain and σ the stress. The x, y and z corresponds to the axes. To solve the problem, the 

simplifications described must be applied to these equations. Another characteristic of this assumption 

is that the loads are uniformly distributed with respect to the large dimension and act perpendicular to 

it, as shown in Figure 7. The quantitative value of both pressure and shear loads is 0.5 Pa, which 

represents a real experimental value. Figure 7 shows a scheme of the problem. The value for c is related 

to the thickness and L, to the length. The thin film modeled is subjected to a constant pressure and 

shear load.  

 

Figure 7-Scheme of the physical system of a thin film 

 

 

 

 

 

 

x 
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Oscillating Load 
For an oscillating load, the Timoshenko equations must be applied. These equations were developed 
based on the plane strain theory, but with a sine and cosine boundary conditions. For both, stress and 
shear, the equations are shown below. 

Equation 7 

 

Equation 8 

 

Equation 9 

 

Where α=(4π/L), and L is the film length.  

Constants C depends on the boundary conditions of each load distribution. For the pressure load, the 
values for the top and bottom are: 

Equation 10 
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Equation 11 

          

        (   ) 

For the equations above, the unit normal has to be considered when implemented in the FEM software. 

 Consequently, the resultant constants are:  
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Equation 12 
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   (
   

  
)

( )     (  )

    (   )     
 

Similarly, for the shear load, the values for the top and bottom are: 

Equation 16 
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Equation 17 
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For the equations above, the unit normal has to be considered when implemented in the FEM software. 

Consequently, the resultant constants are:   

Equation 18 
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Equation 21 
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Figure 8 shows a scheme of the problem. The value for c is related to the thickness, L to the length and 
A, to the load amplitudeof an oscillating pressure and shear load. 

 

Figure 8-Scheme of the physical system of a thin film 

COMSOL 
 One of the methods for shear stress measurement is executed through a liquid crystal thin film. 
This material has properties that allow a correlation between the load applied and the wavelengths 
reflected. However, one of the problems of this method is that the load applied at the top may not 
correspond to the load at the bottom, where the spectrometer is located. As a result, if it happens, the 
correlation will not provide accurate information. To ensure that the experimental results of the 
correlation correspond to the applied load, in this section will be studied a liquid crystal thin film FEM 
model. In addition, will be compared the stress through the domain x considering a constant and an 
oscillating load.  

Starting from the strong form in Equation 1 and Equation 2, after integrating by parts the final weak 
form can be written as 

Equation 22 
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Where         are the weight functions for x and y and          are the normal vectors. The final 

matrix for the thin film problem considering the plane strain theory is set below: 
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Equation 24 
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Another form to write this matrix is 

Equation 25 

                   

Equation 26 

                   

Equation 27 

           

Where              
 (  ),              

  (  ) and              
  (  ) for liquid crystals. 

After setting up the equations, the model was implemented in the COMSOL software. The geometry 
used was a rectangle of                      , and liquid crystal was selected as a material. Figure 9 
shows the boundary load and the fixed constraint in the geometry. Figure 9Figure 10 shows the liquid 
crystals properties. 

 

Figure 9-Boundary load and fixed constraint in the geometry selected. 

 

Material ν E (GPa) 

Liquid Crystals 0.3 0.5 

Figure 10- Liquid Crystal Properties 
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Regarding to the boundary load, was considered a load of -0.5 (Pa) (pressure) and 0.5 (Pa) (shear) in the 
constant load problem simulation. In addition, for the oscillatory problem, the boundary conditions in 
the Equation 10, Equation 11, Equation 14 and Equation 15 were applied for pressure and shear 
respectively. The value assumed for A and B constants were 0.5.    

The results for a shear load of 0.5(Pa) are shown below. The curves plotted correspond to strain and 
stress in XY through the domain x. The verification can be done substituting the materials properties and 
the numerical value for the middle point of the geometry in Equation 27. The stress calculated must be 
equal to the FEM stress in the simulation.    

 

 

(a) 

 

(b) 
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(c) 

Figure 11- FEM simulation of a shear load of 0.5(Pa).  

The geometry is a rectangle with 8.56 x 〖10〗^(-4) m  x  2m . (a) Stress distribution in 2D. (b) Stress XY 

distribution through the domain (x,  8.56 x 〖10〗^(-4) ). (c) Strain XY distribution through the domain 

Verification through the surface – Recalling Equation 27, 

           

                   
    

               (       
 ) (        )         Pa 

                      

                                

Similarly, for a pressure load of -0.5 Pa, the resultant graphics for YY component are shown below. The 

verification can be done substituting the materials properties in Equation 26.  
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(a) 

 

(b) 

 

(c) 

Figure 12-FEM simulation of a pressure load of -0.5Pa. 
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The geometry is a rectangle with 8.56 x 〖10〗^(-4) m  x  2m. (a) Stress distribution in 2D. (b) Stress YY 

distribution through the domain (x, 8.56 x 〖10〗^(-4) m  ). (c) Strain YY distribution through the 

domain. 

Verification – Recalling Equation 26 

                      
      

                      
     

                   

    (         
 )(           )  (          )(           )    

                          

                                

Analyzing the oscillating load, comparing the simulation to the Timoshenko Equation 7, Equation 8, and 

Equation 9, the results for the shear are shown below. 

 

Figure 13-FEM simulation of an oscillatory shear load 

Stress xx through the domain (x, 8.56 x 〖10〗^(-4) m  ). 

 

Figure 14-FEM simulation of an oscillatory shear load 
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Stress xy through the domain (x, 8.56 x 〖10〗^(-4) m  ). 

 

Figure 15- FEM simulation of an oscillatory shear load.  

Stress yy through the domain (x, 8.56 x 〖10〗^(-4) m  ). 

The error between the simulation and theory is shown in the following figure.  

 

(a) 

 

(b) 
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(c) 

Figure 16-Verification error for pressure load. (a) Stress xx. (b) Stress xy (c) Stress yy 

Similarly, for the pressure load, the graphics are plotted below. 

 

Figure 17-FEM simulation of an oscillatory pressure load. 

Stress xx through the domain (x, 8.56 x 〖10〗^(-4) m  ). 

 

Figure 18-FEM simulation of an oscillatory pressure load. 

Stress xy through the domain (x, 8.56 x 〖10〗^(-4) m  ). 
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Figure 19-FEM simulation of an oscillatory pressure load.  

Stress yy through the domain (x, 8.56 x 〖10〗^(-4) m  ). 

The error between the simulation and theory is shown in the following figure.  

 

(a) 

 

(b) 
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(c) 

Figure 20-Verification error for pressure load. (a) Stress xx. (b) Stress xy (c) Stress yy 

 

Comparing the plane strain theory with the numerical values, the results are very close when a constant 
load is applied. However, considering the oscillating load, the results for the xx stress didn’t match the 
Timoshenko equations. In addition, the simulation showed that the stress through the film is constant 
when constant or oscillatory load is applied. This ensures that accuracy is achieved experimentally since 
the spectrometer will collect the correct data. The next studies will concentrate more on the oscillating 
theory to see if the solution converges when the boundary conditions are changed.  

Previous Design Work: 
This project was started by a graduate assistant over the summer. We received the testing apparatus, as 
shown in Figure 21Equation 21, at the beginning of the semester and were told to proceed. In addition 
to the apparatus, we have been given a linear servo motor, a linear load cell, a fiber optic light sensor, 
and a ProEngineer model of the baseplate. The reason that the shear stress is being measured this way 
is because the material being tested is in a liquid form, since the material is in a liquid form it can’t be 
tested in a wind tunnel or in a liquid such as water. The glass slide is where the cholesteric liquid will be 
subjected to the shear stress. The servo motor will be mounted on the opposite side of the baseplate 
and in between the glass slide and motor is where the load cell will be. With the baseplate already 
created and a clear plan of how to mount the components that will be creating the load on the 
cholesteric crystals, only a few components need to be designed.  
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Figure 21- Previous design apparatus 

Improvements on Previous Work:  
The given apparatus, motor, and load cell have given the group a good starting direction. To complete 
the project, adjustments from the previous design needed to be made. The first change that needed to 
be made was to the block holding the motor. The motor block was improperly dimensioned but was still 
a good design. So the only change was to the engineering drawings to give the motor block correct 
dimensions. To improve the design the following would need to be redesigned: shear block with the 
ability to heat the material, a support for the shear block, a connecting rod that would join the load cell 
and the shear block, a light sensor holder that would be able to vary the angle of observation, a variable 
angle light holder, and longer legs. 
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Objectives: 
Our first objective is to design, machine, and assemble the testing apparatus. A LabVIEW visual interface 
will be created to control the experiments and record data. Once this phase is complete, we will collect 
as much data as possible which will be the main product of this project. The first phase of testing will be 
for the cholesteric liquid crystal. The liquid crystal will be used to characterize the cholesteric material 
and provide a proof of concept for using cholesteric crystals as a shear stress sensor. We then expect to 
determine how the material reacts under static and dynamic shear stress along with how the material 
reacts to different temperatures, light sources, and measurement angles. We also want to find the 
maximum and minimum shear values that the materials can record, if the material has an endurance 
limit, and the materials sensitivity to shear. Once we have characterized the liquid crystal, a polymerized 
form of the cholesteric crystals will be ordered and the same experiments will be run on the polymer. 
The polymer is very expensive and takes a significant amount of time to make; which is why there first 
needs to be a proof of concept with the inexpensive liquid crystal. With time permitting we will indicate 
what type of applications the material is suited for, and design a “sensor package” that could be 
reproduced for future tests. 

Constraints: 
Some design constraints were imposed because of the fact that the testing apparatus was inherited. The 
first main constraint is space. The baseplate that was passed down by the previous design group was 12” 
by 4.5”. The size of the baseplate can be changed but additional measures will need to be taken if a 
larger baseplate is needed. The light sensor is about 3” long and its cable isn’t able to bend well. When 
the cable is bent at 90 degrees it needs about 6” of vertical length to bend. This means that the legs for 
the apparatus need to be at least 9” long. The light sensor must also be able to view the material form 
any angle from 20 to 90 degrees. The light that is going to be used must be white so that it contains the 
highest wavelength distribution across the visible color spectrum. The light must also be adjustable like 
the spectrometer. The heat source for the experiment will be able to generate temperatures up to 300°F 
and needs a 28V power source capable of supplying 10W of power. The range of load applicable is 0.5N 
due to the given load cell.  

The time available for the project development is a constraint. When the first set of experiments is 
completed, a more expensive polymer form of the cholesteric crystals will be ordered. This polymer 
takes a good deal of time and money to create and the procurement of the polymer will only occur if the 
first set of experiments is done on time and if the budget is kept low. The project budget to 
conceptualize and build the device is $2000. Since the project is mostly research based there aren’t 
many constraints. The main goal is to find the constraints of the cholesteric crystals, such as; maximum 
and minimum stress measurements, endurance, and temperature limits. 
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Concept 1: 

Figure 23 below shows the design for concept one with the design of the light and sensor holder along 
with the shaft support. The light and sensor holder are the same pieces except a flipped location for the 
light and sensor circular holder. The apparatus shown has the light/sensor bracket with a set screw on 
the top, so that the bracket can be easily moved or taken off of the apparatus’ base plate. The reasoning 
behind the circular holder is for the ability of the holder to rotate along the bracket, thus giving the 
ability for the experiments to make the placement of the sensor/light a variable. Since the method of 
measuring shear stress with the cholesteric liquids is a new concept having the ability to see how the 
data is altered with the differing angles could be important to the project. For the shaft support, a U-
shape is used to hold up the shaft as to reduce the chance of a rotating moment due to the length that 
the shear block is from the motor driver.  

 

Figure 22- Concept 1- Dual Light Sensor Holder 

  
Figure 23- Close side view of holders and bracket to balance the shaft 
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Concept 2:  
Shown in Figure 24 the fiber optic light sensor would be held in a rectangular block with a set screw. The 
rectangular block would then fit into a circular track and be bolted to the track. The angle of the block 
could be adjusted by sliding the block around the tack. The main problem with this design is that while 
the block is slid around the track, the axis of rotation of the sensor would change and point at a different 
point on the slide. It would be difficult to change the angle of the sensor so that the axis of rotation 
would stay the same as they previous position that the sensor was in. 

 

Figure 24- Adjustable sensor holder with degree indicating quarter disk 
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Concept 3:  
Figure 25 shows the concept 3, based on a wheel for the fiber optic sensor holder attached to an arm. 
The desired angle could be adjusted by sliding and fixing the wheel. The simple design allows easy 
fabrication and cost reduction, as little material is required.  However, the angle test range is lower than 
the others. In addition, this design is more susceptible to errors, as the fiber optic will not see the liquid 
crystals response throughout its range of motion.   
 
 
 

 
Figure 25- Concept 3- Wheel fiber optic sensor holder 

Decision Matrix 
 Score Range (1-5) - Higher scores correlate to more ideal  

 

 Concept 1 Concept 2 Concept 3 
 Weight Score Weighted Score Weighted Score Weighted 

Ease of Use 0.20 2 0.40 4 0.80 4 0.80 

Reproducibility 0.30 3 0.90 5 1.50 4 0.60 

Accuracy 0.30 2 `0.60 4 1.20 1 0.30 

Cost 0.15 3 0.45 2 0.30 3 0.45 

Size 0.05 2 0.1 3 0.15 4 0.20 

Total 1.00  2.45  3.85  2.35 

Table 1-Decision Matrix of Design Concepts   
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Interim Design: 
The decision matrix was used and along with the input from Dr. Oates and Matt Worden (Graduate 
Assistant), it was determined that it would be best to combine concepts two and three. Once discussing 
the light source with both Dr. Oates and Mr. Worden the ability for the light source to be another 
variable would not be ideal, so placing the light holder at the base of the apparatus without being able 
to move is theoretically more effective. The shear block support will be an elevated linear bearing, in 
which the shaft will be able to slide through. By using a linear bearing a minimal amount if friction will 
be generated and effectively supporting the load cell and shear block to stop the moment that would 
more than likely occur due to the length in which the shaft will have to translate. The location of the 
linear bearing is to be between the load cell and the shear block because of the limited area on the 
opposite side of the shear block. In the interim design (see Figure 26) the quarter measuring circle is 
used as the holder for the wavelength sensor, as to have an accurate form of measuring the degree and 
rotation of the sensor. 

 

Figure 26- Final design concept after the recommendations from Matt W. and Dr. Oates 

 

Figure 27- Angle of final design to show the light source holder 
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Figure 28- Interim Design Drawing 
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Shear Block Design: 
The shear block is designed to house a heating pad and apply a shear force caused by the linear servo 
motor. The shear block is made out of three rectangular pieces of aluminum. For the upper face of the 
bottom section an area has been milled out to allow room for a .007” heating pad and insulation. The 
heating pad is placed in the milled area between the aforementioned bottom piece and a similar piece 
of aluminum on top. Another piece of aluminum is placed perpendicular to the surface of the top piece 
holding the heating pad. The perpendicular piece is meant to reduce the moment caused by the lateral 
force of the servo motor. If an L-type bracket were used, the end of the shear block would be forced into 
the material while the side closest to the motor would be forced up. This would result in a nonlinear 
distribution of force across the material and cause the readings to vary across the glass slide. Also the 
bottom section of the shear block has been modularized as to have variable thickness of the cholesteric 
crystals and to display how the crystals react. Along with having the variable thickness the bottom 
sections have particular attributes in the U-shape and extended shape (see Figure 29) to contain the 
cholesteric crystals, so there will be minimal amount of thickness change due to motion. 

 

 

Figure 29- Shear Block Enhanced  
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Final Design: 
The final design is a slight variation of the interim design. The only improvement was the movement of 
the light holder. The light holder was moved because it was found through experimentation that the 
light holder and spectrometer work best when the reflection of light off the crystals hits the 
spectrometer directly. In any other orientation the signal from the spectrometer is weak or nonexistent. 
When the light source is orthogonal to the cholesteric crystals, like in the previous design, the light 
reflects directly back at the light source. This means that the spectrometer must be orthogonal to the 
cholesteric crystals to get the best reading. It also means that the spectrometer can’t be moved 
otherwise the reading degrades. Based on the laws of reflection the best configuration between the 
spectrometer and light source is most likely to be a mirror of each other across the plane orthogonal to 
the crystals. As a result the spectrometer and the light source must be adjustable to test different angles 
of the spectrometer and the crystals. To make the light source adjustable the measurement circle idea 
was adapted to fit the light source. Both the light source and spectrometer will travel on a fixed track 
that will ensure accurate positioning. Since the baseplate is relatively short the legs had to be extended 
off of the baseplate to make room for the additional measurement circle and light source holder arm. 

 

 

Figure 30-Final Design 
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Light Source Selection 
It was determined that the light source for the experiment should be an LED because of its small size 

and power requirements. A wide band light source and a blue light source were both tested to see if a 

large or small spectrum distribution would make it easier to see the cholesteric crystals against the noise 

of the light source. When the blue LED was used, the only data that appeared was the light source.  This 

is most likely because the blue light washed out the small reflection of the crystals. A wide band white 

LED was also tested and the liquid crystal’s reflection was a strong peak above the original white light as 

seen in Figure 31.The intensity is not important but the shape of the spectrum is. The large peak around 

560nm is the cholesteric crystals. This data shows that a wide band white LED would be best for the 

experiments. 

 

 

Figure 31-White Led With and Without Red Liquid Crystals 

 

 



34 | P a g e  
 
 

Components 

Spectrometer  
The use of a spectrometer will allow the collection of light in the correct intensity and range.  This 

equipment consists of a fiber optic cable attached to a 2MHz analog to digital converter and outputs the 

signal via USB. The sensor is able to detect light between 200nm and 1100nm. The maximum resolution 

possible is 0.35 nm. Consequently, it is perfect for applications where fast reactions need to be 

monitored. 

Load Cell 
The load cell is used to measure the shear force exerted on the cholesteric crystals. It is attached 

between the linear servo motor and shear block. The output of the load cell is in volts and must be 

calibrated before use.  The load cell works in tension and compression and is rated to 0.5N with and is 

overload protected to 2.5N. 

Linear Actuator 
The linear actuator is needed to apply the shear force on the crystals. Its linear characteristic allows the 

movement in just one axis. The motor is a stepper motor, which means that the speed and distance that 

the actuator moves can be regulated through programming. This is ideal for accurately changing the 

force that is applied to the crystals. 

Environmental and Safety Issues 
The current project contains only a limited amount of materials including a load cell, linear servo motor, 

spectrometer, aluminum apparatus, glass slides, and cholesteric liquid crystals. The cholesteric crystals 

are the only of the aforementioned components that pose a threat to the environment or its handlers. 

There do not appear to be any environmental hazards posed by the crystals. The material safety data 

sheet shown in the appendix only indicates to dispose of the crystals according to state guidelines. The 

safety sheet also indicates that the crystals may cause irritation if they come in contact with the skin or 

eyes and irritation if they are ingested or inhaled. The solution for contact with the skin and eyes is to 

flush with water. If inhaled and irritation occurs, medical attention is advised. Medical attention is also 

advised if ingested. When combusted the crystals will emit the toxic fumes carbon monoxide, carbon 

dioxide, and hydrogen chloride. The crystals aren’t carcinogenic and aren’t considered hazardous by any 

of the government agencies listed in the material safety data sheet. The materials that make up the 

cholesteric crystals are cholesterol, oleycarbonate, cholesterol nonanoate, cholesterol chloride, 

cholesterol dichlorobenzoate, cholesterol benzoate, and cholesterol propionate. All of these chemicals 

are used in cosmetics as for color and aren’t considered hazardous. 
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Cost Analysis 
Eglin Air Force Research Laboratory has donated $2000 to the design of the shear stress sensor using 

liquid crystals. After purchasing materials and parts from McMaster-Carr, LED Supply and Pressure 

Chemical Company the project has come to a total of $369.10 which is well under budget and the cost 

for travel per the FAMU & FSU College of Engineering mileage reimbursement of $170 ($.44/mile 

traveled) the project is still under the budget set by Eglin AFRL. There are components that are being 

used by the senior design group in the Optics Lab of the Aero-Propulsion, Mechatronics and Energy 

Center (AME), if the components in the lab were to be purchased the budget would be exceeded. For 

the pricing and listing of the components used in the Optics Lab Table 3 in the Appendix displays all of 

the information. Also if the testing of the liquid cholesteric crystals is successful a polymer cholesteric 

crystal will be purchased for more testing as to see how the testing will affect a polymer form. The 

purchase of the polymer form will not be from the budget set by Eglin AFRL, but graciously by Dr. Oates 

the faculty advisor on the project. 

 
 

 

 

 

 

 

 

Table 2- Purchased Parts 

  

Part Unit Price Quantity Price 

Teflon Bearing $3.11 1 $ 3.11 

Insulation $9.03 1 $9.03 

Heat sheet $38.90 1 $38.90 

Fasteners - - - - $21.84 

LEDs $23.74 3 $71.22 

Liquid Crystals $75.00 3 $225.00 

 
Total 

 
$369.10 
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Appendix 

Environmental and Safety 
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Schedule 
Figure 32- Schedule for Fall & Spring 
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Cost Analysis (Supplied Parts) 
 

 

 

 

 

 

 

 

 

 

Table 3- Purchased Parts 

 

 

 

 

 

 

 

 

 

 

 

Table 4- Supplied Parts from Optics Lab 

 

Part Unit Price Quantity Price 

Teflon Bearing  $3.11 1 $ 3.11 

Insulation  $9.03 1 $9.03 

Heat sheet  $38.90 1 $38.90 

Fasteners  - - - - $21.84 

LEDs  $23.74 3 $71.22 

Liquid Crystals  $75.00 3 $225.00 

 Total  $369.10 

Part  Quantity Price 

Aluminum   - - $64 

Load Cell   1 $935 

Fiber Optic 

Spectrometer  

 1 $2771 

Linear Servo Motor   1 $230 

Software   1 $60 

 Total  $4,060 
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