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ABSTRACT 

The goal of this Cummins Inc. sponsored project was to determine the effectiveness of oleophobic 

gaskets compared to standard nonoleophobic gaskets. This objective was completed by utilizing 

on market oleophobic solutions with current gasket materials, as well as non-traditional gasket 

materials and then testing these products in an experimental test rig, which was designed and 

constructed by the team. The effectiveness of the oleophobic gaskets was assessed by comparing 

the respective leak rates of each gasket type under several conditions, including two variable 

temperatures and variable clamping pressures, to that of baseline nonoleophobic gasket leak rates. 

The test rig has been designed and built by the team so that it can test gaskets with oil at room 

temperature and at an elevated engine-like temperature while under a constant low internal 

pressure of 2.5 psi with variable gasket clamping pressure. A functional diagram was created to 

show the interactions between components, as well as a CAD model to show how the test rig 

components are assembled. An operations manual was created, which walks the user through all 

the steps for the use of the test rig in an experiment. Also, the team documented some common 

troubleshooting techniques and regular maintenance requirements for the test rig.  
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1 Introduction 

Cummins Inc. has proposed a project to determine the effectiveness of oleophobic gaskets to 

reduce the measured leak rate at low pressure, large joints on engines compared to the current 

gaskets used on engines. Oleophobic items are items which repel oil by having a lower surface 

energy than the oil. A gasket is an item which is placed between two flanges to form a seal, which 

is meant to prevent oils from leaking to the opposite side of the flange. The theory behind the 

project is that if the gasket can repel the oil, it is less likely that oil will be capable of leaking past 

the gasket. 

In order to determine the effectiveness of oleophobic gaskets, the design team determined what 

products on the market could be used to give a gasket oleophobic properties, created oleophobic 

gaskets using these products and nontraditional gasket materials, as well as designed and built a 

test rig which measures the leak rate of a gasket at various temperatures and pressures. The test rig 

must be capable of testing oils that range from 22 to 120° C and inducing a pressure on the oil 

ranging from 0 to 2.5 psi. Once the design and construction of the project was completed, tests 

were performed on oleophobic and standard gaskets using the test rig and results will be compared 

to determine the effectiveness.  
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2 Functional Analysis/Diagram 

The test rig was designed to determine the effectiveness of various oleophobic gasket materials 

(both conventional and non-conventional). The various components that make up the experimental 

set-up include: strain gauged bolts, nuts, washers, spacers, flanges, a RTD sensor, a pressure 

transducer, an air inlet valve, an oil valve, and a pressure relief valve. The tests were carried out 

for both room temperature and an elevated temperature (120°C). 

Figure 1 shows the functional diagram of the test set up. The gasket material to be tested was 

placed in between 

the flanges of the 

test rig, and then the 

strain gauged bolts 

were torqued down 

to the desired 

clamping load. The 

desired clamping 

load for the 

experimental set-up 

was obtained 

through the use of 

the strain gauges 

that were connected 

to the DAQ system. 

Oil was poured into the test rig through the oil valve and pressurized air (2.5 psig) was induced 

into system. For elevated temperature testing, the test rig was heated to a desired temperature, 

which was monitored by the RTD sensor which was connected to the omega RTD thermometer. 

The pressure transducer which was connected to the DAQ system through the amplifier to record 

the internal pressure during each test. The initial air volume (V1) and pressure (P1) were obtained 

at the start of the test, and the instantaneous air pressure (P2) was recorded during the tests. Using 

the modified ideal gas law P1V1=P2V2, the final air volume (V2) was calculated and was divided 

by the time duration of the test to give the leak rate.  

Figure 1. Functional Diagram of Project 
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3 Project/Product Specifications 

The test rig fixture is of two main parts: the top assembly (made up of the Top Cap, Top Tube, 

Top Flange, Oil Inlet Valve, Air Inlet Valve, Pressure Relief Valve, and the RTD Compression 

Fitting), and the Bottom Flange. For the body of the test rig, A36 steel was chosen because of its 

machinability, ability to withstand heat, good welding properties, and price. 

The crucial dimensions of the test rig as shown in Table 1.  The Top Flange and Bottom Flange 

have a diameter of 140 mm to accommodate the four M10 bolts and the gasket size. The Top 

Flange required an inner diameter of less than 55 mm in order to accommodate the gaskets. The 

thickness of the flanges were selected to be 6.35 mm in order to prevent yielding when loaded, and 

the surface roughness was required to be 3.2 micron RA or smoother. The bolts and their respective 

hardware components were M10x1.5, which was the minimum size allowed to use with the strain 

gauges. 

Other important components used in the test rig were the sensors. The Kulite pressure transducer 

was chosen because it met the requirement of reading pressures between 0-5 psig and was small 

in overall size, which was beneficial since the test rig is a small item. Appendix A contains the 

data sheet for the pressure transducer selected [1].  

Another sensor which was used was an Omega RTD sensor. The data sheet for the chosen RTD 

sensor is shown in Appendix B [2]. This RTD sensor was chosen because it was capable of reading 

oil temperatures of 120°C, and was only 2 inches in length. Again, the small size was beneficial 

because of the size of the test rig. 

Table 1. Test Rig Critical Dimensions 

Product Specifications  Values  

Top Flange Dimensions  
Inner Diameter (ID): 55 mm   

Outer Diameter (OD): 140 mm 

Bottom Flange Dimensions   Outer Diameter (OD): 140 mm 

Flange thickness  6.35 mm 

Bolts (strain gauges) M10x1.5 70mm 

Washers and nuts M10x1.5 

Flange Surface Roughness Maximum 3.2 microns RA.  



Team No.1                                                   Determining the Effectiveness of Oleophobic Gaskets 

4 

 

4 Product Assembly 

The test rig was assembled in two main steps: Top Assembly sub assembly and final assembly. 

The Top Assembly consists of the Top Flange, Top Tube, Top Cap, Oil Inlet Valve, Pressure Relief 

Valve, Air Inlet Valve, and the RTD Compression Fitting. The welding of the Top Flange, Top 

Tube, and Top Cap was done first to create the air tight chamber required for the design. Then the 

other components were all threaded into their respective positions in the Top Assembly.  Figure 2 

shows the Top Assembly CAD model. 

The rest of the assembly occurs before each test, and is outlined in detail in the Operation 

Instructions section of this document. The main assembly tasks in this process are the placing of 

the test gasket and the Top Assembly on the Bottom Flange, and the tightening of the stain gauged 

M10 bolts. In Figure 3, the final assembly of the test rig is shown. Appendix C contains the CAD 

drawing of the test rig assembly. 

 

Figure 2. Exploded view of the Top 
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Figure 3. Exploded view of the final assembly for the test rig. 
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5 Operation Instructions 

This test rig is designed to measure the leak rate of various circular gaskets with an inner diameter 

of 55 mm and an outer diameter of 75 mm. The internal pressure can only be set to 2.5 psi or less; 

however, the temperature is variable, as well as the bolt clamping loads. The following instructions 

refer to testing procedures: 

1. Turn on power to the signal box for the pressure transducer. Let it warm up and stabilize 

while the test is being set up. 

2. Place selected gasket in the center of the bottom flange. Four small weld marks have been 

placed radially out from the center of the flange. All four welds should be inside the gasket 

inner radius, which will ensure the gasket does not move out of place during set up. 

3. Carefully set the top flange on top of the bottom flange. Make sure the four bolt holes in 

the top flange match with the bolt holes in the bottom flange. 

4. Place a washer and spacer around each bolt and then place all of the bolts in the bolt holes. 

Write the number of each bolt with a permanent marker on its washer. This is important as 

each bolt has a different calibration curve provided by Cummins Inc. 

5. Loosely tighten a washer and a nut onto the end of each bolt. Do not let the washer and nut 

touch the bottom flange. 

6. Connect two bolts that are physically across from one another on the test rig to the DAQ 

system. Plug in their respective power sources. Be careful to not tangle or break any wires. 

7. Open the DAQ two channel VI in Labview. Keep all inputs at their default values, except 

for the sampling rate which should be set to 20,000 Hz. Set the file path to the desired 

location and name the file accordingly. 

8. Run the VI from the front panel. Locate and open the output file with Excel. There should 

be two columns of many data points which correspond to many samples of the unstrained 

voltage of each bolt. 

9. For each bolt, take an average of all of its unstrained voltage data points. Record the two 

average unstrained voltage values in Excel. It is common for these values to differ. 

10. Begin tightening down these two bolts to the specified clamping load either through two 

wrenches or a torque wrench, depending upon how much torque needs to be applied. 

11. Run the VI from the front panel once again at the same conditions as step six. Repeat the 

process of accessing the file in Excel and finding one average value.   

12. Using the respective Cummins Inc. calibration curves and standard formulas for strain 

gauges, an excel file was set up such that the only required values to calculate the bolt loads 

are the average unstrained and average strained voltage values from each bolt. Place the 

experimentally determined average values in this Excel sheet.  

13. Adjust the tightness of the bolt until the desired bolt load is met. 

14. Repeat steps 6-13 for the other two bolts. 
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15. Carefully measure 75 milliliters of Shell Rotella T 15W-40 diesel oil and pour into the test 

rig via the oil inlet valve on the top of the test rig (a small funnel is recommended). 

16. Connect RTD to an instrument that will read out the temperature on a digital screen. This 

data does not need to be recorded. 

17. For room temperature tests, skip steps 18-22. 

18. For elevated temperature tests, set hot plate to 500°C. Place the test rig on the hot plate on 

top of a metal spacer. This spacer is to ensure the bolts are not touching the hot plate. 

19. Continuously monitor the temperature of the oil from the instrument digital screen. When 

it reaches approximately 100°C, change hot plate to about 345°C.  

20. Wait for the oil temperature to stabilize around 119°C-120°C. Carefully close oil inlet valve 

using proper heat protectant gloves. 

21. Every few minutes, pop open oil inlet valve to relieve pressure and then close again. 

22. After about 15 minutes at a steady temperature, relieve pressure one last time. 

23. Close oil inlet valve.  

24. Tighten pressure transducer into the appropriate hole in the test rig using an 8 mm wrench. 

Be careful to not tangle or break any wires. 

25. Open the DAQ one channel VI in Labview. Change the sampling rate to 100 Hz, the 

timeout to 7,200 seconds, and samples per channel to 720,000. These are the settings for a 

two hour run time test. All tests are run for two hours. Set the file path to the desired 

location and name the file accordingly. 

26. Connect the pressure transducer to the DAQ system. 

27. Start running the VI from the front panel. 

28. Unscrew cap off of air inlet valve and begin pumping air into the test rig via a bike pump. 

Stop pumping when the pressure safety valve pops open, which should occur at 2.5 psi. 

Replace cap back onto air inlet valve. 

29. Let the test run for the entire two hours. Have at least one person present in the room at all 

times. 

30. Access the output file as previously described. 

31. Input experimental data into an Excel file that is already set up to convert the change in the 

pressure of the air to an oil leak rate.  

32. For hot tests, allow entire test rig to cool down before handling.  

33. Remove pressure transducer. 

34. Carefully open the oil inlet valve and tilt the test rig to slowly drain most of the oil out 

making sure to not allow the oil to enter the pressure relief valve. Dispose of the oil. 

35. Loosen the bolts and open the test rig up.  

36. Document the state of the gasket and dispose of it. 

37. Wipe down the bottom and the top flange with paper towels, as well as carefully cleaning 

inside of the test rig. 

38. Return the test rig back to its original condition and begin testing again. 
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6 Trouble Shooting 

Rarely do experiments ever happen without some error or unexpected occurrence. Thus, there were 

a few problems throughout the duration of the experimentation. The first and most common 

problem was the breaking of strain gauge bolt wires. The wires on the strain gauges are very thin 

and fragile. Making too fast or strong of movements with them would cause them to break 

connection. This was noticed either visually or when there was a zero voltage return on Labview. 

The wires could be repaired using a soldering iron and shrinkwrap.  

Another noticeable occurrence throughout the experiment was having oil come out of the pressure 

relief valve. When the pressurized air was inserted into the test rig, remaining oil from previous 

experiments that had gotten into the valve would shoot out. This could possibly affect the internal 

pressure for the next experiments. The best way to mitigate this is to remove the oil very slowly 

from the test rig and to be very careful when cleaning the inside of the test rig for the next 

experiment.  

Fluctuating internal temperature was also an issue. The hot plate heats the spacers, the spacers heat 

the test rig, and the test rig heats the oil. So we had to gauge the internal temperature by changing 

the external applied temperature from the hot plate. When the temperature is fluctuating, the best 

way to mitigate that was to allow the temperature to equalize for a longer time. Once the 

temperature remained constant for 30 minutes, then experimentation should begin.  

The last noticeable occurrence was when we tested a sprayed rubber coated metal gasket with high 

heat. After the experiment, the RCM gasket had partially melted onto the flange. To fix the 

partially melted gasket, place the flange back on the hot plate so the gasket will warm up and be 

easier to remove. The melting was a result of the oleophobic solution, not the test rig. However, in 

the event that tested gaskets do melt, re-heating the flange allows the gasket to be removed. 
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7 Regular Maintenance 

There was only minimal regular maintenance to be done throughout the course of this 

experimentation process because the test rig was designed to be as simple as possible. One part of 

the maintenance was using the RTV Silicone to ensure no air leaks were present so that the test rig 

would remain pressurized. While the RTV Silicone is not required since NPT threading was used 

to prevent air leaks, the RTV Silicone can be added as an additional safe guard to prevent air 

leakage.  

The second part of the maintenance plan, and most common, was to remove residual oil that was 

in the test rig between each experiment. Once a majority of the oil was poured out of the test rig 

and it was disassembled, the inside of the upper cavity and the bottom flange had to be cleaned 

every time. Depending on the amount of leakage for the test, sometimes the bolts, spacers, washers, 

and nuts had to be cleaned off if oil ended up reaching them.  

The last part of the routine maintenance was to check the integrity of all the components of the test 

rig and fix any issues. The only noticeable component that had to be repaired was the o-ring on 

the pressure transducer. Due to the continuous high heat in addition to repeated loading, the o-ring 

on the pressure transducer sheared and had to be replaced with the back-up o-ring that was 

supplied. 
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8 Spare Parts/Inventory Requirements 

Table 2 lists spare parts which would be useful to have on hand while using the test rig for an 

extended period of experiments. The first two items listed are wear parts on the test rig. After 

repeated use, the washers and the pressure transducer o-ring tend to show signs of wear from the 

repeated loading due to removing the items between tests. The other spare items are for creating 

additional gaskets for testing. This also lists the inventory of parts which are required for the 

construction of the test rig and the testing of gaskets.  

Table 2. Spare and Initial Inventory Items 

Spare Items List Initial Inventory Items List 

Item Item   Quantity   

M10 General Purpose steel washer  M10 General Purpose steel washer  4 

Pressure Transducer O-Ring M10 Class 8 Zinc Plated Steel Hex Nut  4 

Teflon Gaskets Zinc-Plated Steel Unthreaded Spacer  4 

Rubber Coated Metal Gaskets M10x1.5 70mm long class 8.8 cap screw  4 

Paper Gaskets Pressure Relief Valve  1 

Ultra Everdry Compact High-Pressure Brass Ball Valve   1 

StainGuard-WB Brass Air Fill Valve Straight    1 

 1ft x 1ft x ¼ in Thick A36 Steel Plate   1 

 1ftLong2-1/2 OD x 2 ID Round Steel Tube   1 

 Short RTD Probe   1 

 Compression Fitting   1 

 Pressure Transducer  1 

 Teflon Gaskets  6 

 Rubber Coated Metal Gaskets 12 

 Paper Gaskets 12 

 Felt Gaskets  6 

 Ultra Everdry 2 canisters 

 StainGuard-WB 1 quart 

 T Triple Protection CJ-4 15W-40 Motor Oil   1 gallon   

 Hot Plate 1 



Team No.1                                                   Determining the Effectiveness of Oleophobic Gaskets 

10 

 

9 Conclusion 

A functional analysis was completed to demonstrate the relationship between the inputs and the 

outputs of the test rig. The inputs include a gasket, oil, heat, pressurized air, and strain gauged 

bolts. All of these interface with the test rig and produce useful outputs. The outputs of the test rig 

include raw data which was converted to bolt load, pressure, and temperature through the use of 

components such as an amplifier, DAQ system, RTD Omega Thermometer, and Excel. 

The project and product specifications were outlined by the team. This includes the dimensions of 

critical components such as the diameter of the flanges, the thickness of the test rig, and the size 

of the bolts, nuts, washers, and bolt spacers. Additionally, the data sheets for both the pressure 

transducer and the RTD sensor were included. 

A brief explanation was provided for assembling the test rig; however, due to the nature of the test 

rig, much of the assembly is repeated before every single test. Therefore, a much more in depth 

description of how to set it up is provided in the actual operation instructions. The operation 

instructions include a step by step process of how to properly perform a test by installing a gasket, 

sensors, oil, pressurized air, tightening the bolts to a desired value, and then extracting the raw data 

from the DAQ system. 

In addition to these previous items, troubleshooting help and regular maintenance was reported in 

hopes of shedding lights on common issues that may occur if the test was performed according to 

our procedure. Finally, a list of spare parts and an initial inventory was created to summarize what 

is required in order to accomplish this test. 
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