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7. Testing/Results

7.1 Testingof different fillers with
original design

ÅVerticaledgesproducedartifacts

ÅMatLab simulation did not account
for theseverticaledges

ÅAdhesive fillers were used to
correct

ÅNon-water based compounds dried
without air gaps

ÅLiquid Nails® performed the best
(Figure6)Figure 5ςTesting of Different Fillers with Original Design

7.2 Testing of different fillers with original
design

ÅWith phantom,imagedeemedacceptablethough not
desirable

ÅIdeally, we would like no artifacts present with or
without phantom

Figure 6 ςTesting with Phantom

Liquid Nails

Si Caulk
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Component Our Cost Full Cost

Heating $83 $150

Pump $100 $100

Tubing/ Hardware $110 $128.3

Surface $60 $342 (+ machining)

TOTAL $353 $702

8. Expenses

9. Future Work

The current designsatisfiesall criteria though not to a degreethat would make it a commerciallyviable
product. In addition, our designwill attenuatedifferently at different energylevelsdue to the potpourri of
materialsusedin fabricatingthe prototype. Therefore,future work will focuson creatinga more radiolucent
prototype. Thiswork entailsresearchingalternativesto the polyethyleneand particle board tubing conduit.
Water equivalentmaterials,like SolidWater® and PlasticWater®, would be ideal. However,thesematerials
are expensive,limited in size,and would require complexmachining. Asa result, acrylicor non-expanded
polystyrene may be the most appropriate choice. Both materials are excellent water equivalents for
diagnosticX-ray energies,relatively cheapcomparedto SolidWater® and PlasticWater®, and come in the
appropriate size. Unfortunately, creating the channelsand threads into the material would still require
complexmachining. Also, the describedmaterialswould exceedour current budget. Theseissueswould
needto beaddressedfor a fully functionalprototype to beconstructed. .

5. Beam Intensity Loss Simulation

4. Design Criteria
Safe for the patient

ÅNo possibility of 
burns
ÅNo leaking fluids
ÅEasily sterilizable

Heats the patient

Radiolucent
ÅMust not interfere with 

diagnosis
Cushions the patient
Costs less than $200

Figure 3 ςBack Cut Design SimulationFigure 2 ςOriginal Design Simulation

6. Final Design
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Qtube= Heat rate across tube
T = Temperature (Kelvin)
Atube = Cross-sectional area of tube
ktube= Thermal conductivity of tube
Rtube = Radius of tube

Figure 4 ςHeating Element

300 Watt Heating Coil
Copper Tubing

6.2 Heating Element and Pump

ω300Watt resistivewereheatingcoil

ω1 Inchdiametercopperpipe

ωMaximumwater temperature= 46.1 C

ωSurfacetemperature= 35 C

ωTemperaturecontrolledby dimmerswitch

ωVariable speed pump in series with heating
elementandtubingconduitdrivessystem

ωPipeinsulationretainsheat

ωbŜǿǘƻƴΩǎlaw of coolinggovernsheat transfer of
system

ω1/16 inchthick

ωOil,water,andchemicalresistant

ωFDAapprovednon-toxic

ωSterilizable

ωComfortable

ωNoanatomicaldistortion

6.1 Padding - Fine Cell Polyethylene

6.3 Tubing Conduit

ω10LDPEtubeswith 1/4 inchI.D.

ωTubinginlaid in 23x32x3/4 inchparticleboard

ωTubesspaced2.5 inchesapart

ωSquaregroovesfilled with LiquidNails®adhesive

ωFull scalemodel would require 84x32x1/2 inch
acrylicsheet.

1. Abstract

ClinicalX-ray examinationssometimesrequire patients to remain still for over an hour. A commonpatient
complaint is that X-ray examinationtables are uncomfortable,specificallythey are too hard and too cold.
Patientdiscomfort is undesirablebecausean uncomfortablepatient is more prone to movingduring a long
procedure. Theobjectiveof the client and our team is to createa devicethat can provide patient comfort
while at the sametime preservingpatient safetyandradiolucency. Thefocusof our work is to createa device
to modify the currenthard laminatesurfaceof the X-ray table throughthe additionof paddingandheat. Our
team designedand constructedan X-ray table heating pad composedof polyethylenepadding,a particle
board and polyethylenetubing conduit, and a heatingelement and pump. Despitemodelingthe expected
radiolucency,testingshowedthat our prototype producedsmall,but undesirableartifacts. Therefore,future
work entailsresearchingalternativesto the polyethyleneandparticleboardtubingconduit.

2. Motivation

Many patients complain that common X-ray examinationtables are uncomfortable. The most common
complaintis that the tabletop iseither too hard,too cold,or a combinationof both. In the interestof patient
comfort, our client believesthat a tabletop canbe designedandbuilt to rectify theseproblems. Thiswill be
especiallyusefulin longexaminationswherethe patient isbeingX-rayedfor anextendedperiodof time.

3.2 X-RayAttenutation

X-ray attenuation, which is an indication of the radiolucencyof a material, is characterizedby the linear
attenuationcoefficientό˃ύ. Thelinearattenuationcoefficientis an inherentproperty of the material that can
only be changedby altering the material composition. Asa generalrule, materialscomposedof atomswith
high atomicnumberswill attenuatemore than materialscomposedof atomswith low atomicnumbers. The
lessa materialattenuatesuponexcitementby anX-ray, the more radiolucentit will appearin anX-ray image.
Animportant aspectof the massattenuationcoefficientis its dependenceon photonenergy(Figure1)
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Equation 1: Exponential Law of Attenuation 

Figure 1 ςMass Attenuation Depends on Photon 
Energy

3.1 DiagnosticX-rays

X-raysare electromagneticwavesthat are producedwhen fast-movingelectronscollide with substancesin
their path. X-rays are similar to light rays except that they have 1/10,000 the wavelength. This short
wavelengthallows them to penetrate very densesubstancesto produce imagesthat can be recordedon
photographicfilm or digitally. X-ray imagingis usefuldiagnosticallybecausedifferencesin compositionand
densitybetweenbody structuresproduceimagesof varyingintensity on the X-ray film. Structures,suchas
bone,appearwhite, while other tissues,suchasair-filled lungs,appeardarkeror black.

3. Background


