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_LP_r~oj_e_ct_O_b~Je_c_ti_ve ________________ J LPhysical Design 
This project \vas focused on designi11g and constructing a clinostat to si,nulate There are t\VO types of clinostat designs: ID and 2D. for the purposes of this 

1nicrogravity. The project began wi th extensive literature review on the design and project, a ID clinostat was designed. Only one rotational speed is necessary for a 
function of clinostats, as ,,.,ell as clinostats specifically used in cell culture studies. ID clinostat. It has been observed that experilnenls ,,.,ith ID clinostats at the proper 
Fron, here, the prqject group organized into four ft.1nctions; first function is design a rotational speed have produced coin parable results to n1icrogravity space flights.2 

theoretical n1odel, the second function is to design and construct the physical One of the 1najor parts of the physical design is the frame. Based on the result of the 
apparatus, the third function is working to develop a code and electrical system for thern1otical analysis it 1nust be stable enough to support the \Veight of the 1notor 
the cl.inostat, and the final function is \vorki.ng on veri fying the clinostat design via used to induce rotation up to speeds of65 RPM tor long periods of time. In 
cell experilnentation. addition, the ,,veight of the cell culture flasks must be accounted. The next step in 

Theoretlcal analysis 

The theoretical step in the design process of a clinostat is detenn ining the 
rotational speed necessary. to overcon,e particle sediinentation due to gravity, but to 
also limit the speed so as not to cause centrifugal forces. By ,~rorking through these 
calculations, rotational values used in literature ,vere verified. 

The first step \vas to calculate the sedi111entation speed (V sed) of a cell in cell 
culture 111edia under nonnal gravity.1 This is given in Equation I , ,,.,hich is derived 
fron1 a force balance bel\¥een the velocity of the fluid and the buoyancy, drag, and 
gravitational forces felt on the particle. 

Vsed = (¾) * (Pparticle - Pttuia) * (;) * a2 

Where Pparticte is the density of the cell 

Equation I 

tested, Pttuid is the density of the tnedia, 
g is the gravitational tbrce, ~1 is the dyna­
mic viscosity of the media, and a is the 
effective Stokes radius of the particle. 

The diffusion coefficient (DA8) ofa cell 
,,.,as estimated. After the sedilnentation 
speed of a cell and the di tli.Jsion coefficient 
has been calculated, the radius that a 
particle would travel. during clinorotation 
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Figure I: A visual of the elinorota1ion and sedimentation 
w·here blue spheres represent the cells and the arrow point 
rownrd the forc.e direction 

,vas calculated. This radius accounts for sedirnentation that ,vould occur while this 
particle is traveling in a circular path, as ,..,ell as the rando111 dispersion from 
Bro~111ian n1otion. 

The period of rotation is then calculated. This is the estimated tin1e that it \\1ill 
take for the cell to complete one full rotation under the conditions of clinorotation 
and Brownian ,notion. From this value, the angular velocity (w) was calculated, 
and this ,,.,as converted into the 111inirnu111 RPM by Equation 2. 

60w 
RPMminimum =-2n 

Equation 2 

Ta blc J: The table below gives rhe calculated values for a red blood cell and a bac1erial cell. 

V scd D AB w RPM 
(cm/s) (cm2/s) (radius/s) (Rev/min) 

• 

Bacterial Cell 3.45E-05 2.00E-11 4.73 45.1 61 

the design process \Vas to design a carriage for holding the cell culture flasks during 
rotation. The carriage design was altered to accon1111odate tour Corning 12.5 c1n2 

cell culture flasks, which holds 43 111 L of cell culture ,nedia.3 

Figure 2: Assembled clinostt11 

Coding and Electrical Components 
A stepper n1otor ,,.,as chosen as the n1otor to operate the clinostat. Stepper 

motors are robust, reliable, and provide high torque at lo,v speeds. The durability of 
stepper 1notors provides assurance that the device 1\1ill operate efficiently in an 
incubator. The electronic portion of the clinostat \vas accornplished using an 
ARDUfNO unit, a driver, and the stepper motor. The progran11ningsection involves 
the developn1ent of a graphic user interface (GUI), and the ARDUINO code, \Vhich 
sends a signal to the ,notor. The GUI \vas developed using MATLAB. 
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j Clinostat Design Validation 

tat designed in this project, an In order to evaluate the effectiveness of the clinos 
experimental plan ~,as developed. This experiment,~ 
replicating the results of Sarkar.et al. and their experi 
osleosarcoma cells) in clinorotalion.2 The process for 

•ill validate the design by 
ment with ROS 17/2.8 (rat 
validating the design is shown 

belO\V. 
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Unfortunately, due to the outbreak of COVID-19, 
halted before any cell experimentation could be done 
procedure should be tested before use of the clinostat 

work on this project was 
. Ho\vever, this experi111ental 
in order to evaluate its 

construction and effectiveness. 

Economic Analysis 

0110111 ical analysis. 1'hc actual ·rhere are !\vo paths that ,..,ere considered in the cc 
expenses that were spent during this project, and 1he 
this device to sell ii to public. Both considerations ca 
Table 2: The actual costs expended during lhe project 

cost estimated to 1nanufacture 
n be vie\ved below: 

Elements Material Electronics Labor Exper imental Shipping 

Cost $256 $87 $1710 446 $ $18 

Table 3: The estimated cosrs and profits if this design were comn ,ercially manufactured. 

Units 

Year 

5 

Conclusion 

Cost 

Unit 

Total Cost 

Year - ..... -----... 
$5,082 $25,410 

Price Selling 

Un it 

$6,0 00 

Profit 

Unit 

: $9 18 

Total 

$2517 

Profit 

Year 

I $4,590 

• The theoretical n1odel provided a strong toundatio n for the prqject based on 
revie\ved literature. 

• The design \Vas finalized and asse1n bled. 
• Electronics ,~•ere asse,nbled and secured in a hous ing. 
• Validation of the cl inostat was prepared, but due to the COVD-19 pande111icthe 

experin1ent \ Vas not accomplished. 
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• Considering costs of labor and materials it ,vould take 8.41 years to gain profit on 
Red Blood Cell 

Acknowledgment 

2.57E-04 7.85E-10 6.68 63.750 Figure 3: \Viriog diagram of the electrical asse.rnbly for dte operatioo of 1his clinostat. f igure 4: F.lccHonics housing 
Assembled 

this clinostat design. 
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