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ABSTRACT
An Expansion Joint (EJ) is a flexible composite joint constructed of rubber, fabric, and steel that is bolted between two sections of pipe.
This device allows for relative motion between the rigid pipe sections. The expansion joints are one of Garlock’s more expensive products.
Working with the Rochester NY Branch of the sealant technologies company, Garlock, the Multidisciplinary Senior Design (MSD) team
developed an EJ test stand capable of handling EJ sizes between 2” and 12” in diameter. The test stand can subject the joints to
temperatures up to 450°F while axially cycling the joint ± 1in from the neutral position. Garlock makes custom EJs for various industries
that would value an active monitoring of these joints in order to predict downtime, increasing efficiency. Being able to simulate the test in
an in-house environment is the first step in developing this system. In the future, the test rig developed by this MSD team could be used
for EJ health monitoring research and development. Effectively predicting the integrity and life of an EJ could distinguish Garlock in the
expansion joint market that is currently saturated with similar products.
INTRODUCTION
Garlock: Sealant Technology makes custom expansion joints for various industries. The EJ accommodates expansion and contraction
between pipes as well as vibration and torsional forces from system settling or temperature changes. EJs can have an inner diameter
between 2 in and 130 in, and are exposed to a variety of different fluid media, pressures, and temperatures. The joints are often installed in
hard to reach locations and forgotten about. Failure of one of these joints often means a critical system goes off line, reducing efficiency
and costing the company a significant amount of money. Garlock is looking to provide their customers with a solution to better understand
the integrity of any given unit in order to be proactive in preventing failure. Garlock engineers often survey locations and find EJs that are
on the verge of failure. Various characteristics indicate a loss of integrity – cracks, ‘sponginess’, tears, etc. Many of these failure indicators
are measureable characteristics that are difficult to monitor remotely. If an effective active monitoring system for a joint can be designed
and installed, this would prevent failures and unpredicted downtime in the field. Developing a research lab test stand is the first step in this
process. The test stand developed by this MSD team will be used for EJ health monitoring research and development. Effectively
predicting the integrity and remaining life of an expansion joint will allow Garlock to provide their customers with information that
ensures the quality of their product. The first step toward this goal is to develop an EJ test stand that is capable of handling a variety of EJ
sizes while subjecting the EJ to high temperature conditions and a cyclic axial displacement. The current team was not responsible for
creating a health monitoring system, but was considered when selecting components as a future application.
DESIGN PROCESS
The design process for the test rig was largely iterative. Major subsystems were developed in parallel as the project progressed through to
completion. The customer needs were the starting point, and were refined in order to arrive at a realistic project scope that would allow the
customer’s needs to be met within the project limits. Out of these needs, a project specifications list was determined and tools such as the
functional decomposition were utilized as a means of organizing the efforts of the team to complete the project on schedule. The project
scope initially provided by the customer was very wide and not feasible given the project timeline, budget and available manpower.
Therefore, the team narrowed the scope of the project by working with the customer to determine their highest priority needs.
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In order to better understand the customer’s needs, the team met with Garlock at their facility. The touring of the Garlock expansion joint
manufacturing facility and meeting with the Garlock engineers allowed the team to better understand how the joints are constructed and
Garlock’s current testing capabilities. During this meeting the team was able to voice their concerns with meeting Garlock’s initial project
specifications and determine what specifications were most important. This allowed the scope of the project to be narrowed down while
still providing the customer with their desired testing capability. The engineering specifications that were determined as a result of this
meeting are shown in Fig. 1.

Engineering Specifications
Engineering Specifications
ES1
ES2
ES3
ES4
ES5
ES6
ES7
C1
C2
C3
C4

Meets Customer Needs
1.1
1.5
1.5
1.3
1.3
1.2
1.2
3.3
4.1, 4.2

Metric
EJ diameters accommodated
Displacement
Cycles per test
max Pressure demonstrated
Pressure consistency
max Temp demonstrated
Temperature consistency
LabView-based monitoring and control
All identified safety issues addressed
Footprint
Cost

Units
In
In
#
Atm
Atm
ºF
ºF
Y/N
Y/N
sq ft
$

Target
2-12
±1
500
1
± 0.1
450
±5
Y
Y
4x6
5000

Preferred
Direction
range
up
up
up
down
up
down
n/a
n/a
down
down

Figure 1: New Engineering Specifications Following Customer Meeting

A House of Quality (HOQ) chart was developed to determine and rank the importance of the engineering specifications as well as how
well they meet the customer needs. The HOQ shown in Figure shows that accommodating the range of EJ sizes, accurate displacement
during cycling and maintaining a consistent, evenly distributed temperature are the most important aspects of the project.

Figure 2: EJ Test Stand House of Quality
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A functional decomposition map (Fig. 3) was developed to organize customer needs into sub systems in order to guarantee that all
customer needs would be met. The Expansion Joint Test Stand was broken into 3 sub-systems which included measurement, control, and
structure. The measurement subsystem was broken into 4 additional systems temperature, axial displacement, pressure, and flow rate. The
control system was also broken into temperature, axial displacement, and flow rate. The test stand structure sub-system was broken into 3
subsystems: safety, ability to change EJ and fluid, and portability.

Figure 3: EJ Test Stand Functional Decomposition

In order to mitigate risks in the project and avoid potential problems that could arise during the course of the project, a risk assessment
chart was developed (Fig.4).

Figure 4: Risk Assessment

The functional decomposition was used as a starting point for the concept generation processes. The team members researched ways to
meet the customer needs within their sub system. The team members in each group then developed several ideas for their systems
ultimately using Pugh diagrams to choose which idea would be used in the final test stand.
Fluid Flow System Design
The two main foci of the fluid system design were flow rate and pressure. The flow rate requirement for the system was determined based
on the heating element requirements and fluid filling options. Since the fluid system is a loop, the fluid needs to be actively pumped around
the loop to guarantee fluid circulation and temperature distribution. Research revealed that purchasing a pump that would meet the low
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pressure, high temperature requirement would be a major expense for the project. As an alternative to using an expensive pump the team
considered using the actuation of the EJ coupled with one way check valves to turn the EJ into a pump.
Since the Expansion Joints are designed to absorb some changes in fluid systems, testing needed to be performed to determine if
actuation of the EJ ±1in would result in fluid displacement. The team developed a test fixture for a 6 in EJ to determine if the interior
volume of the EJ changes under a -1 in axial deflection. The testing fixture consisted of a solid cover plate that was bolted to one side of
the EJ and a second cover plate for the other side of the EJ with a ½ in diameter center opening. Flexible clear pipe was secured using an
interference fit and sealant to the 1/2in center hole of the one cover plate. The EJ was filled with water and assembled in the testing fixture
using the EJ retaining rings (Fig. 5). The assembly was then placed in the Tinius Olsen material testing machine provided by the RIT
Mechanical Engineering Department. The testing machine was used to compress the expansion joint 1in. The displaced water from
compression was collected and measured. The test was performed several times resulting in an average fluid displacement of 37.4 in3 per
inch compression for the 6in EJ.

Figure 5: The 6in EJ Volume Displacement Test

The volume displacement test results for the 6in EJ were then used to estimate the fluid displacement from 1in compression of
each of the EJ sizes (Fig. 6). The results of the testing confirmed that the compression and expansion of the EJ would result in enough
fluid displacement that the check valves and the actuation motion can be used to circulate the fluid around the fluid loop eliminating the
need for an additional mechanical pump. Check valves on the inlet and exit sides of the EJ are used to establish the fluid flow direction
and the meet the fluid circulation requirements.
EJ Size
3

Volume /displacement (in /in)
3

Total system volume (in )

2" EJ

2.5" EJ

3" EJ

4" EJ

5" EJ

6" EJ

8" EJ

10" EJ

12" EJ

61.02

61.02

122.05

183.07

305.12

427.17

732.28

1159.45 1647.64

366.14

427.17

427.17

549.21

610.24

671.26

915.36

1525.59 2074.81

Figure 6: Volume Displacement from Compressing 1in and Total System Volume

The system pipe size were selected to be ½ in diameter based on the test result, the smallest EJ tested and the required flow rate
for the heater. An additional gate valve for draining the system in and a funnel-shaped accumulator were added to the system for filling
and draining the system. The Accumulator is open to the environment provides an easy method of filling the rig with fluid as well as
eliminates unwanted pressure build up in the otherwise closed-loop system.
Heating System Design
The ability to uniformly heat the inside of the EJ from room temperature up to 450°F is a major requirement of the system. Since most of
the volume of the system is comprised of the EJ volume, the total system volume fluctuates significantly depending on the size EJ being
tested. This can be seen in Table 1. The changing system volume presented a significant challenge when determining the heating source.
The customer required that the time to reach the maximum temperature be minimized. The maximum temperature, time to heat, range of
potential system volumes and cost were all considered when selecting a heating source and fluid type.
Several fluids were considered based on their thermal properties. The criteria considered in the fluid selection included max
optimal temperature, cost, viscosity at 350°F, availability, safety and thermal conductivity. The thermal characteristics of the system were
model using Matlab and equations 1 and 2 based on the first law of thermodynamics. The Simulink model can be seen in Fig. 7 and the
resulting graph of temperature vs. time to heat for the system is shown in Fig. 8. The Simulink system was solved for a 6” EJ assuming no
losses through the pipes and a rough estimate of the heat lost through the EJ. The heat loss estimate is on the higher side to account for heat
losses through the pipes and the rest of the system. The system was simplified by ignoring the volume of the fluid in the pipes since the
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amount is small relative to the size of the heater and EJ. Also a constant mass flow rate was assumed at an averaged value of the total
displaced liquid over a 30s cycle from the above test. In reality the flow rate will ramp up and down due to the actuation of the EJ.

𝜌𝑉𝐻 𝑐𝑝 𝑇̇𝐻 = 𝑚̇𝑐𝑝 (𝑇𝐸𝐽 − 𝑇𝐻 ) + 𝑞𝐻

(𝐸𝑞. 1)

𝜌𝑉𝐸𝐽 𝑐𝑝 𝑇̇𝐸𝐽 = 𝑚̇𝑐𝑝 (𝑇𝐻 − 𝑇𝐸𝐽 ) − 𝑞𝑜𝑢𝑡

(𝐸𝑞. 2)

Figure 7: Thermal System Simulink Model

Figure 8: Graph of Temperature vs. Time from Simulink Model

A Pugh diagram was used to make the selection and it can be seen in Fig. 9 Based on the requirements and Pugh diagram results the team
selected to use soybean oil as the system fluid.
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Figure 9: Pugh Diagram System Fluid

Once the system fluid was selected the heating unit was determined. The based on the thermal properties of the fluid, volume range of the
system and time to heat the EJ, uniformly, to the max temperature of 450°F. Several heater options were considered including inline
heaters and a variety of circulation heaters. Utilizing Pugh diagrams it was determined that a circulation type heater would be used for the
system. The circulation heater allows the system at maximum volume (when testing 12in EJ) to be heated to maximum temperature in
under an hour. The time to heat the maximum volume system to maximum temperature was the limiting factor when determining the
required power of the circulation heater. Equation 3 was used to size the heater based on the previously mentioned criteria. The power
needed to heat the system to 450°F and the time to completely cycle the fluid through the system when testing each size EJ is shown in
Fig. 10.
𝑄̇ =
EJ Size
3

Total system volume (in )
Cycle to move total volume
Actuation cycle time (min)
Time cycle system fluid (min)
Required kW to heat in 1hr

𝐶𝑝 ∗ 𝜌 ∗ 𝑉 ∗ ∆𝑇
𝑡

(𝐸𝑞. 3)

2" EJ

2.5" EJ

3" EJ

4" EJ

5" EJ

6" EJ

8" EJ

10" EJ

12" EJ

366.14

427.17

427.17 549.21

610.24

671.26

915.36

1525.59

2074.81

8.426
0.500
4.213
0.432

5.903
0.500
2.952
0.473

4.364
0.500
2.182
0.504

2.173
0.500
1.086
0.697

1.716
0.500
0.858
0.793

1.275
0.500
0.638
1.047

1.367
0.500
0.683
1.754

1.279
0.500
0.640
2.364

2.980
0.500
1.490
0.612

ure 10: Required Power to Heat System with varying Volumes and System Cycle Time

Based on the results, a 3kW circulation heater is needed for the system. The 3kW heater allows the 6in EJ to be heated to max temperature
within 20 minutes, and the largest size EJ (12in ID) will reach the maximum temperature in 50 minutes. The 3kW heater also has a small
internal volume, which minimizes the total system volume allowing the fluid cycle time to be small which allows the system to heat to a
uniform temperature quickly. Minimizing system volume and cycle time allows for more accurate control of the temperature, a uniform
temperature distribution and will minimize the require energy to run the test stand.
Actuator Design and Selection
The actuation system was selected based on the spring rate of the EJ, displacement requirements, and cost. The customer provided spring
rate information for various size EJs that the test stand will accommodate. However, when conducting the preliminary fluid displacement
test of the 6in EJ the group also discovered that the actual spring rate of the EJ was not constant and the spring rates provided by the
customer were average spring rates over 1in. The force required to compress the 6in EJ the complete 1in was approximately double that of
the provided average spring rate. To determine the maximum force needed for the actuator in the test stand the group applied the test
results to the spring rate provided for 12in EJ. The results indicated that to compress and extend the 12in EJ 1 inch axially, a 3,000lb force
would be required. The EJs range in height from 6in to 8in which also had to be considered when selecting the actuator. To accommodate
the height range and extension and compression distance requirements it was determined that the stroke length of the actuator needed to be
8in. The design requirements for the actuator narrowed the selection down to a 3,000lb electromechanical or pneumatic actuator with an
8in stroke. Based on the control requirements and the availability of compressed air at Garlock’s facility as well as in the RIT labs, the
pneumatic actuator was the best choice for the test stand.

Structural System Design and Analysis
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The final design of the core structure was conceived by choosing the best features of the designs initially proposed and integrating them
into an assembly. Two initial designs are shown below in Fig. 11 an. 12:

Figure 11: The “Swingarm” Design

Figure 12: The “Screw” Design

Both designs were named after the method of force transmission and had distinct advantages and disadvantages. The “Swingarm” design
provided a means of manipulating the force and travel coming from the actuator as well as isolating the actuator from the working fluid,
however this design would have required a strong outer frame on which the arm could pivot. The “Screw” design utilized a power screw
that scored points for compactness but had a higher chance of failure due to the more complex parts required. The beneficial aspects of
each design contributed to the design pictured below, which was integrated into the final test rig also shown:

Figure 13: The Core Structure

Figure 14: The Final CAD Model

The final core structure pictured in Fig. 13 utilizes the simplicity of a linear actuator and isolates the actuator from the working fluid by
virtue of its’ top mount position. The motion is perfectly linear, and all forces generated by the actuator are contained within the four guide
posts which eliminates the need for a strong outer structure. The guide posts also pull double duty by acting as standoffs between the top
and bottom stationary plates. The tie rods running from the actuator clevis to the moving plate can be adjusted individually to minimize
binding and fine tune length. The final CAD model shown in Fig. 14 shows the core structure supported by standard workbench legs and
shielded by a Plexiglas enclosure.
After finalizing the design, the focus shifted to structural analysis of the critically loaded components and manufacturability. An FEA
analysis was performed on the core structural components including the plates, custom clevis and rod mounts to determine the stresses that
these parts will see during a worst case loading scenario as well as the predicted deflections. Screenshots of some of the results are shown
below:

Figure 15: Screenshot of the stress seen by bottom plate

Figure 16: Stress seen by rod bracket
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During a worst case loading scenario, all of the custom fabricated parts have a factor of safety of at least 5. As expected, stress
concentrations appear around the complex slot patterns for the mounting plates and appear to be the limiting factor. The off-the-shelf tie
rod ends and guide rods have a factor of safety of approximately 20 and 40, respectively. Originally, it was proposed that the top and
bottom plates have a thickness of ¾” and the moving plate would have a thickness of 1” in order to minimize deflection under load,
thereby reducing the probability of the plate binding on the guide rods during cycling. After conferring with the vendors, it turned out that
making all the plates 1” thick was the more economical option, as the reduction in setup fees outweighed the increase in material cost.
Steel, although it is 3x heavier than aluminum, was chosen due to its’ stiffness (3x heavier, also 3x stiffer), relative low cost, quantifiable
fatigue life characteristics and weldability. The mild steel chosen for the custom components was coated with high performance Rustoleum
paint to prevent corrosion and increase the rig’s aesthetic appeal, which proved more economical than using high carbon steel. In order to
meet the tolerances required for the press fit bearings, the plate machining was outsourced to a local company that could accommodate the
large plates on a CNC machine. Clevis and rod brackets were machined in house, as were the guide rods and standoff posts.

TEST PLAN
Many of the customer specifications needed to be tested once the system is assembled. A test plan was created to clearly and accurately
test the system for failures. An outline of the test plan can be seen in Fig. 18.
Test
ID

Test Name

T1

EJ Diameter
Accommodation
Axial
Displacement
Validation
Continuous
Operation
Demonstration

T2
T3

T4
T5

Heating System
Validation
Uniform Temp
Distribution
Verification

T8

Fluid Draining
Demonstration
Portability
Demonstration
Safety Verification
Phase I

T9

Safety Verification
Phase II

T6
T7

Relevant
Engineering
Specification
ES1
ES2

Relevant
Customer
Need
1.1
1.3

ES3

1.3

ES4, ES5

1.2

ES6

1.4

ES8, ES9

2.2

ES10, ES11

5.1

ES12

4.1

ES12

4.1

Description
Test rig must accommodate expansion joints of
various diameters ranging from 2-12 inches.
Must demonstrate 6” ID EJ.
Test rig must be capable of compressing and
extending the expansion joint by 1 inch axially
in each direction from resting position.
Test rig actuation system must be able to run
continuously

Test rig must heat the working fluid up to 400F
and maintain a +/-5F temperature tolerance for
the fluid entering the expansion joint.
Fluid flow through the EJ must be such that a
uniform temperature distribution is achieved
within the expansion joint under steady state
operating conditions
Fluid must be able to be drained from the test
rig to allow for fluid/EJ replacement
Test rig must be transportable through standard
double doors and between facilities
In the event of an expansion joint rupture
during testing, all escaped fluid must be
contained within the enclosure
All surfaces of rig external to the enclosure
must not reach a temperature that can burn
exposed skin or cause harm to surroundings
Figure 18: Test Plan

Critical
Value

Preferred
Direction

2-12 in.
dia

n/a

1 in.

up

500
cycles

up

450F

up

+/-5F

down

n/a

n/a

4x6 ft

down

n/a

n/a

120F

down

The first test is the EJ Diameter Accommodation test. The test is performed to guarantee that all of the EJ sizes will fit between both the
plate and test that all the bolt patterns align with the mounting plates. The axial displacement validation test, will that check that the
different height EJs can compress and expand one inch. This test will also verify that the actuator is working properly by verifying that the
actuator will follow the preprogrammed commands accurately and smoothly. The third test is primarily a durability test. If the stand can
perform the same motion for 500 cycles with no required stops, then the Continuous Operation Demonstration test will be a success.
The heating system needs to be tested by heating the system up to 450°F and actuating the system. The heater thermocouple should read
450°F and the system thermocouples should read the same temperature to pass the Heat System Validation test. The uniform temperature
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distribution test will ensure that when the system is heated to a temperature, the temperature will stay consistent through the entire system.
The Uniform Temperature Distribution Verification test will ensure that the temperature throughout the test stays within +/-5 degree’s.
This will be monitored from the thermal couples in the system. The Fluid Draining Demonstration is important to ensure the system fluid
can be changed for changing EJs and changing the fluid. After testing, the drain valve will be opened and all the fluid in the system should
escape out into a collection container.
The test stand will be tested for portability with the Portability Demonstration test. The test stand will eventually leave RIT and return to
the customer.
Safety Verification Phase I and II verify that the rig is safe to use. Phase I should prove that the hot fluid will never be in direct contact
with human skin. Phase II shows that the stand protects surrounding humans from any possible harm from contact with hot surfaces. All
possible leaks and hot surfaces will be isolated from human contact by an enclosed plexiglass housing housing.

RESULTS AND DISCUSSION – USE STYLE “TEXT HEADING 1”
This section should describe your final prototype (product or process), whether it met specs (results of testing), and how you evaluated
its success. Most conference papers include enough information for your work to be reproducible.
CONCLUSIONS AND RECOMMENDATIONS – USE STYLE “TEXT HEADING 1”
This section should include a critical evaluation of project successes and failures, and what you would do differently if you could
repeat the project. It’s also important to provide recommendations for future work.
REFERENCES – USE STYLE “REFERENCES CLAUSE TITLE”
Within the text, references should be cited in numerical order, by order of appearance. The numbered reference should be enclosed in
brackets. For example: “It was shown by Prusa [1] that the width of the plume decreases under these conditions.” In the case of two
citations, the numbers should be separated by a comma [1,2]. In the case of more than two references, the numbers should be separated by
a dash [5-7].
References to original sources should be listed together at the end of the paper, and should include papers, technical reports, books,
prior team projects, personal discussions, websites (not Wikipedia), and software. References should be arranged in numerical order
according to the sequence of citations within the text. Each reference should include the last name of each author followed by his or her
initials.
(1) References to journal articles and papers in serial publications should include: last name of each author followed by their initials,
year, full title of the article in quotes, full name of the publication (abbreviated), volume number (if any) in bold (do not include the
abbreviation, "Vol."), issue number (if any) in parentheses (do not include the abbreviation, "No."), inclusive page numbers using “pp.".
(2) Reference to textbooks and monographs should include: last name of each author followed by their initials, year of publication, full
title of the publication in italics, publisher, city of publication, inclusive page numbers using "pp.", chapter number (if any) at the end of
the citation following the abbreviation, "Chap."
(3) Reference to individual conference papers, papers in compiled conference proceedings, or any other collection of works by
numerous authors should include: last name of each author followed by their initials, year of publication, full title of the cited paper in
quotes, individual paper number (if any), full title of the publication in italics initials followed by last name of editors (if any) followed by
the abbreviation, "eds.", city of publication, volume number (if any) in boldface – include, "Vol." if part of larger identifier (e.g., "PVPVol. 254") – inclusive page numbers of using "pp.".
(4) Reference to theses and technical reports should include: last name of each author followed by their initials, year of publication,
full title in quotes, report number (if any), publisher or institution name, city.
Example References:
[1] Ning, X., and Lovell, M. R., 2002, "On the Sliding Friction Characteristics of Unidirectional Continuous FRP Composites," ASME J.
Tribol., 124(1), pp. 5-13.
[2] Barnes, M., 2001, "Stresses in Solenoids," J. Appl. Phys., 48(5), pp. 2000–2008.
[3] Jones, J., 2000, Contact Mechanics, Cambridge University Press, Cambridge, UK, Chap. 6.
[4] Lee, Y., Korpela, S. A., and Horne, R. N., 1982, "Structure of Multi-Cellular Natural Convection in a Tall Vertical Annulus," Proc.
7th International Heat Transfer Conference, U. Grigul et al., eds., Hemisphere, Washington, DC, 2, pp. 221–226.
[5] Hashish, M., 2000, "600 MPa Waterjet Technology Development," High Pressure Technology, PVP-Vol. 406, pp. 135-140.
[6] Watson, D. W., 1997, "Thermodynamic Analysis," ASME Paper No. 97-GT-288.
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[7] Tung, C. Y., 1982, "Evaporative Heat Transfer in the Contact Line of a Mixture," Ph.D. thesis, Rensselaer Polytechnic Institute, Troy,
NY.
[8] Kwon, O. K., and Pletcher, R. H., 1981, "Prediction of the Incompressible Flow Over A Rearward-Facing Step," Technical Report No.
HTL-26, CFD-4, Iowa State Univ., Ames, IA.
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Requirements and Advice
Construct an outline
A proper outline is the framework upon which a good paper is readily written. In the process of making the outline,
ideas are classified and thoughts are ordered into a logical sequence that is readily transformed into complete
sentences. In outline form, the sequence of the various items and the progression of thought can easily be adjusted
and readjusted until the desired order is obtained.
Length
Your paper should not exceed 8 printed pages, all inclusive!
Style. The chief purpose of the paper is to convey information to others, many of whom may be less familiar with
the general subject than the author. Care should be taken, therefore, to use simple terms and expressions and to
make statements as concise as possible. If highly technical terms or phraseology are necessary, they should be
adequately explained and defined. The use of the first person and reference to individuals should be made in a
manner that avoids personal bias. Company names should be mentioned only in the acknowledgments.
Papers should be concise. Long quotations should be avoided by referring to sources. Illustrations and tables are
desirable but they should be kept to a reasonable level, especially considering the 8-page maximum length. Detailed
drawings, lengthy test data and calculations, and photographs that may be interesting but which are not integral to
the understanding of the subject, should be omitted. Equations should be kept to a reasonable level.
Originality
Only original contributions are accepted for publication. Under certain circumstances, reviews, collations, or
analyses of information previously published may be acceptable.
Accuracy
All technical, scientific, and mathematical information contained in the paper should be carefully checked. SI units
of measurement should be used. When U.S. customary units are given preference, the SI equivalent should be
provided in parentheses or in a supplementary table. Similarly, when preference is given to SI units, the U.S.
customary units should be provided in parentheses or in a supplementary table.
Headings
Headings and subheadings should appear throughout the paper to divide the subject matter into logical parts.
Headings assist the reader in following your thought process and in forming a mental picture of the points of chief
importance.
Tabulations/Enumerations
It is often advantageous to put related items in tabular or enumerative form, one after the other, rather than simply
running them into the text. This arrangement, in addition to emphasizing the items, creates a graphic impression that
aids the reader in accessing the information. It is customary to identify the individual items as (1), (2), (3), etc., or
as (a), (b), (c), etc. Although inclusion of such elements makes the text livelier, care should be taken not to use this
scheme too frequently, as it can make the reading choppy.
Mathematics
Equations should be numbered consecutively beginning with (1) and including any appendices. The number should
be enclosed in parentheses and placed on the right-hand-side of the equation. It is this number that should be
referenced within the text. An example is shown below in Eq. (1).

 2T 1 T

x 2  t

(1)

Formulas and equations should be created to clearly distinguish capital letters from lowercase letters. Care should be
taken to avoid confusion between the lowercase "l"(el) and the numeral one, or between zero and the lowercase "o."
All subscripts, superscripts, Greek letters, and other symbols should be clearly indicated.
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integrity of these special characters will be lost.
 All graphics should be embedded in the text file. Make sure the image is INCLUDED in the paper – not
hyperlinked to a separate file.
 All Tables must be created using the Table utility provided with Microsoft Word. Tables created by use of the
tab keys will not convert properly.
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special characters.
 Label the electronic file clearly as “Pxxxxx project name” and submit it to the program office.
Copyright
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