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ABSTRACT
The purpose of this project was to design a poppet valve testing bench rig that would imitate the compression
cycle seen in the Dresser-Rand ESH-1 reciprocating compressor (figure 2). The discharge side of the poppet valve
assembly consists of a set of cylindrical plastic valves that act as passive relief valves and open as the pressure in the
compressor reaches a critical point. The valves were designed to be inexpensive and replaceable. The Dresser-Rand
compressor yields a long set-up time to change out the poppets due to heat generation and the nature of the design.
Simply put, there is too much downtime on the existing compressor. Our rig will recreate the movement felt by the
poppets but with a more practical set-up time and a smaller footprint so it is portable. The overall goal of this rig is
to be able to measure vibrations felt by the poppets to detect wear and predict life expectancy. This project is
restricted to a $2,000 budget. This technical paper will detail our design objective and process with initial customer
and engineering requirements and will include our concept selection, theoretical analysis, building, and testing.
KEY TERMS
Throughout this paper, there will be a few key terms used to describe components of the system. The “pressure
vessel” refers to the aluminum cylinder that we will be using from a previous team’s project (team P16452).
Mounted on the pressure vessel are the “valve seat block,” the “valve housing,” and the “collector,” which are
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mounted in their respective order. Finally, the “backpressure tank” refers to the black tank which is the final
component in the system which will contain the backpressure and discharge the air to the atmosphere.
INTRODUCTION
The purpose of the compressor testing rig is for health monitoring purposes. In a previous project, another team
worked on designing active valves to test the feasibility of the concept. Our project is a similar in that it will be
testing existing poppet valves to monitor wear and fatigue. However, the assembly and disassembly of the poppet
valve manifold in the large compressor is too inefficient to test in a timely manner. The design objective for our
team is to simulate the pressure curve of the reciprocating compressor on a smaller scale using computer driven
solenoid valves. The new rig will be much smaller, compact, and will be portable for ease of use. The rig should
feature a practical design with a user-friendly process of switching out the poppet valves. The set-up time will be
reduced to a maximum of ten minutes.
PROCESS
Customer Requirements:
The first step in our process was gathering the customer requirements. Figure 3 below details each specific
requirement from our customer, and the importance of each requirement was noted.

Figure 3: Customer Requirements

Engineering Requirements:
Then, the customer requirements were quantified and an engineering requirements table was constructed (figure
4).

Figure 5: Engineering Requirements
Figure 4: Engineering Requirements
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Functional Decomposition:
Next, a functional decomposition was constructed to decide which functions our rig needs to accomplish (figure
5). The four key functions are measuring vibrations, containing the poppet valves, creating compressor conditions,
and connecting applied pressure, valve manifold, and back pressure.

Figure 6: Functional Decomposition

Pugh Analysis/ Concept Selection:
Next, we developed a list of all possible
concept designs which would accomplish the
functions of our functional decomposition. A Pugh
Chart was developed for each concept to weigh the
pros and cons of each alternative, and then
compare them to one another to arrive at the most
optimal design. Factors such as cost, footprint,
mobility, feasibility, risk of failure, safety and
durability were considered. Figure 7 to the right
shows an example of one Pugh analysis that was
performed to select a vessel to use. After several
of these Pugh charts were constructed, we
concluded that we would use shop air, an 8020
aluminum frame, hose connections, bolted
connections for manifolds, computer controlled
pressure management, team 16452’s pressure
vessel and a purchased back pressure tank that was
rated for our backpressure requirement.

Copyright © 2017 Rochester Institute of Technology

Proceedings of the Multidisciplinary Senior Design Conference

Page 4

Figure 7: Pugh Chart Example for Pressure Vessel

Theoretical Calculations/ Simulations:
At this point, we decided which functions required numerical calculations. In order to contain the applied
pressure, we needed to analyze the strength of the vessel to be used. We performed an analysis on team P16452’s
vessel to determine if we could repurpose it for our project (figure 8). The analysis determined that we would have a
sufficient safety factor of 29.4 for longitudinal stress and 14.7 for hoop stress (see equations (1) and (2)).

(1)

(2)

Figure 8: Pressure Vessel Strength Analysis

Next, a MATLAB code was developed to
ensure that a 3/8” orifice size would be
sufficient for one cycle per second.
Equations (3), (4) and (5) below were used
for the simulation. The plot (figure 9) depicts
the pressure curve simulation using three
typical flow coefficients for our system.

(3)

(4)

(5)
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Figure 10: Governing Equations for Simulation

Design Process:
The bulk of our design process involved
engineering the valve assembly (figure 11). The
function of this assembly is to contain the poppet
valves on the end of the pressure vessel and then
transfer the air to the backpressure tank which will
then expel the air to the atmosphere. Our valve
assembly contains three major parts. The valve seat
block will bolt to the pressure vessel and will allow
for the poppet valve movement and it has a
chamfered geometry like the Dresser-Rand
manifold. The seat block will have fixed threaded
studs installed in tapped holes to align the three
components together. The valve housing will come
next in the assembly and will slide onto the studs.
The function of this part is to contain the poppets
and the springs. This is the component that the
valves will strike, producing vibrations when they
open. The housing also replicates the geometry of
the Dresser-Rand housing. Finally, the collector will
slide onto the studs and will contain the back
pressure. This component will channel the air into
an orifice which will be tapped for a brass fitting for
the hose to connect to the backpressure tank. To
ensure that we have air-tight seals, we performed an
o-ring analysis to select the right o-rings and groove
geometries for our manifolds. Dowel pins will align

Figure 9:Matlab Simulation for 3/8" Orifice

the valve housing to the seat block for easy assembly. Figure 11: Valve Assembly
our engineering drawings for the
assembly.
Engineering Drawings:

Figure 13: Valve Seat Block
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Figure 1412: Collector

Figure 15: Valve Assembly

Product Selection:
Throughout the design process we
continued to update a bill of materials. With our
$2,000 budget in mind, we began selecting the
most reasonable products for our system. One of
our major purchases was the solenoid valves.
We selected valves that would sufficiently
operate at 5Hz (even though our frequency
requirement was relaxed to 1Hz) and be large
enough to move the amount of air required. Our
8020 aluminum frame was another major
purchase. We selected the 15 series with
threaded t-slot nuts to mount the components to
the frame. An air horn tank was ordered to serve
as our backpressure tank. We also ordered a
backpressure regulator to maintain our
backpressure in the tank. Vibrations were a
major concern in our system so we ordered a
rubber sheet that would be cut in strips to isolate
our frame from the table, our components from
the frame, and the pressure vessel from the table.
Building:
Figure 16 depicts our 8020 assembly with
mounted components. Custom brackets were
machined to mount the solenoid valves which
are isolated by rubber strips, to minimize
vibrations transferred to the frame and table.
Figure 16: 8020 Mounting
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Testing:
Next, various tests were performed to determine the functionality of our subsystems. First, a function
generator test was performed to run a solenoid valve using the steady state relay. This was done to make sure that
we could actuate a valve using the solid-state relay and with higher frequencies than required, and it was successful.
Then, a manual digital relay control test was performed to show that we could activate the solid-state relays by
manually sending a high digital signal to the relay. This test was also a success. Next, we needed to address the issue
of delay. When the SignalExpress program loops back to the top of the cycle, there is a delay present. Using a 60
frames per second camera, the delay was measured. Then. The dual activation of our valves was tested. The valves
did actuate simultaneously. One issue was that one of the valves produced a buzzing sound when not being actuated.
This was fixed by moving that valve to the other relay, so now the buzz only occurs when it is being actuated. Next,
a test was done to see if we would actuate the valves while exposed to shop air of 100psi. The valves opened and
closed when expected so it was a successful test. Then, a safety relief valve calibration test was done. This test was
successful in setting the relief pressure to 80psi on our pressure vessel, which is nearly double our expected
pressure. Finally, a leak test was performed to test our seals. Soapy water was used to test for leaks, and the only
leaks occurred on the fittings that did not have Teflon tape.
RESULTS AND DISCUSSION
Figure 17 shows the final prototype of our
project. The rig has two primary sections connected
with hoses. The 8020 frame holds the valves and the
backpressure tank. The pressure vessel sits on its
own on a vibration isolation pad. We decided to
keep the system divided into two parts due to the
weight of the system. Quick-release connections
allow for easy assembly and disassembly of our
design.
Figure 18 shows sample data taken from
system. The red line is the pressure in the vessel, the
blue line is the pressure in the backpressure tank and
green line is the vibration data overlaid on the plot.

our
the
Figure 17: Final Prototype
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Figure 138: Sample Data

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”
Reference Matlab
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.
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.
[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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