
ABSTRACT 

LOHR, JONATHAN CHARLES. Design of a Multi-Engine Test Stand with Eddy Current 

Dynamometer. (Under the direction of Eric Klang). 

For several years, the Mechanical and Aerospace Engineering department and NC 

State University has been working on building an engine test stand. This report represents 

two semesters of work trying to get the existing setup to work and then taking the lessons 

learned from that stand and designing a new stand. This new stand was designed to meet not 

only the current requirements but also tried to anticipate future applications of that stand. 

With this new design the stand goes from only being able to hold a single engine, to being 

able to hold any engine with only minimal design. The design method used in the design of 

this stand is method that allows for quick prototyping. With this design the engine test stand 

should be able to be built in less than a month and still hold its tolerances. 
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1. INTRODUCTION 

This project started out with the goal of refurbishing an existing engine test stand that had 

been worked on by various students but never completed. 1With a team of one Master’s 

student and two undergraduate students the two semester project was started in the fall 

semester of 2013. The original timeline was to do all of the physical modifications to the 

stand and to have the software working after the first semester, leaving the second semester 

open for testing.  This schedule was followed, with the engine mounting system being 

modified to allow for the engine to be adjusted into the proper location relative to the eddy-

current brake, and the software running and reading values from the stand at the end of the 

first semester. 

However, during the initial testing at the beginning of the second semester it was discovered 

that there was a fundamental flaw in the initial design of the stand and additional 

modification would be required for the alignment between the engine and the brake to be 

within the specifications of the Lovejoy coupling.  After a great deal of deliberation, the 

decision was made to design a new stand from the ground up as opposed to continuing to 

modify the existing stand. The decision was made based on the additional resources required 

to make the existing design functional but also the high amount of skill and insight required 

for setup. The best course of action was to design a new stand, that would leverage lessons 

learned through the development of the previous stand, and in the end be much more robust, 

support a wider range of engines, and require much less skill to set up and break down.  The 

previous stand would take weeks of work to change over to a new engine, months if the new 
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engine had a different mounting system than the current engines.  The new stand was 

designed to take only a few days to design and implement new tooling for any type of side 

mounting engine. Laterally mounting engines, like those used in front-wheel drive vehicles 

and some all-wheel drive vehicles, may be able to fit in the stand, but were not considered for 

the design described. 

2. LITERATURE REVIEWS 

2.1 Design Process 

The NC State EcoCAR2 team developed and published a paper on a method of designing and 

building quick and accurate structures and brackets. They had used this method to design and 

build the mounting structure for the engine bay components in their series-hybrid vehicle. In 

this method, Computer Aided Design (CAD) is used to design the pieces of the structures in 

such a way that the pieces are able to hold tolerances while being welded together. In this 

technique complicated structures are able to be quickly designed and constructed using only 

a CAD machine, a water-jet, sheet metal, and a welder. 

The first step of this process is to create a space-claim of the model in CAD. This means to 

model the existing structures and constraints and then to place models of the components that 

are going to be harnessed into the model. The components should then be adjusted till there 

are no interferences and the components are arraigned in a manner that makes sense. For 

instance, if one component is shaft driven it should be positioned in a manner that the 

component driving the shaft is able to do so. 
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The second step is to create a rudimentary mounting structure for the components.  At this 

step a simple mounting structure is devised.  Here the mounting points are being figured out 

and the positing of the mounting structure is being designed.  The structure does not need to 

be very refined at this point, but it should be made entirely of flat pieces of sheet metal.  This 

does not mean that the structure as a whole cannot have complex geometry, but that it needs 

to be able to be broken down into flat pieces. 

The third step is to analyze the assembly using Finite-Element-Analysis (FEA) software.  If 

the structure passes refinements should be made to the design to reduce the cost and time of 

assembly, if it is a visible piece some thought can be put on aesthetics as well.  This analysis 

and refinement step may need to be repeated multiple times, until the design meets the 

constraints of the application (i.e. weight, size, cost, etc.) 

The fourth step is to design the pieces of the structure for assembly. At this step the overall 

structure has already been defined, but how that structure is going to be constructed is yet to 

be designed.  Tabs and corresponding slots should be added the in the structure pieces. This 

allows the structure to be assembled in a manner similar to a 3d jigsaw puzzle, and hold form 

and tolerance while being welded.  Tolerances need to also be added to the tabs. A good rule 

of thumb is to allow for a 0.005” on an inch (0.127 mm) between the faces of the tabs and 

slots.  It is also good practice to put 1/16 inch holes at all the corners to negate some possible 

errors in the water-jet process. Another good practice is to design the components of the 

structure asymmetrically so that they can only be assembled in the right geometry. [1] 
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2.2 Dynamometers 

Dynamometers, or dynos for short, are devices that measure the torque and the power of an 

engine over its operating range. There are two different kinds of dynamometer, a chassis 

dyno which uses the power output from the wheels of the car, and an engine dynamometer 

which bolts directly to the engine. By absorbing the energy output of the engine, the stand is 

able to replicate operating conditions that the engine could see in its everyday use.  

 Dynamometers can absorb the energy through several means. It can be through mechanical 

friction, called a prony brake, which is the simplest form of dyno brake, but also the most 

restrictive in types of tests that can be run. The water brake can absorb the mechanical energy 

by converting it into work by heating water; this is called a hydraulic dynamometer. Eddy 

current dynamometers use magnetic fields to resist the spin of the engine. This is the type of 

brake that is utilized in this engine stand. The last type of brake is the electric dynamometer; 

this is basically a DC motor that is attached to the engine’s crankshaft. The DC motor can act 

either as a motor, spinning an engine to calculate the mechanical losses and pumping work of 

the engine, or as a generator, converting the mechanical energy of the engine into electrical 

energy. [2] 
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2.3 Engine Testing 

There are many different types of tests that can be done on an engine dynamometer, in 

industry there are six principle tests that are performed. They are: durability, performance, 

lubricants and fuels, specialized investigations and testing, exhaust system testing and 

catalyst ageing [4].  There also is the “green run” which is the first time that all the 

component parts of an engine are run together [3].  The types of tests that are foreseeable in 

being performed on the designed stand are the durability (or design validation test), the 

performance test, the exhaust systems test, and the green run. 

Durability testing is performed to establish which engine components will wear out first.  In 

this test the engine is run for a long amount of time either at steady operating conditions or 

cycling conditions.  This means that the engine could be run at a constant load and speed, or 

that the load or speed could be cycled.  There are more advanced durability tests, like thermal 

shock cycling, where the temperature of the engine is rapidly changed, and vehicle cycle 

simulation, where the engine is exposed to operating conditions that it would see during 

vehicle operation.  [4] 

Performance testing is used to discover the torque and power curves of an engine, fluid flow 

measurements, heat balances, and emissions measurements [3]. This is usually done by a 

throttle sweep, which is where the “load and power varying at an arbitrary rate with the 

variation in engine speed” [3].  In the test the throttle is adjusted from a lower operating 

point, usually below the peak power speed, to above a point above the peak power speed.  
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The runs will usually be repeated with the load set at one quarter, one half, three quarters and 

full load of the engine. 

The exhaust system test can be done using either a vehicle cycle simulation or a steady state.  

The idea behind this test is to explore the acoustic qualities of the exhaust.  During the test 

the intensity of the sound of the exhaust should be monitored and any points where the sound 

level becomes too high should be explored. 

2.4 Welding 

There are four common methods of welding, these are: oxy-acetylene welding, shielded 

metal arc welding (SMAW) or stick welding, wire feed welding or Metal Inert Gas (MIG) 

welding, and Gas Tungsten Arc Welding (GTAW) or Tungsten Inert Gas (TIG) welding. 

Welding works by melting the surface of the base metal and forming a weld pool.  Once the 

pool cools and hardens the two pieces of metal needing to be joined have fused into one 

piece. 

TIG welding creates an arc between the welding torch and the base metal.  This arc needs to 

be shielded by an inert gas, argon or helium, to prevent oxidation and contamination of the 

weld pool. If filler is needed it has to be added manually.  TIG welding provides the most 

control over the weld bead, creating higher quality beads, but has slower deposition rates and 

requires higher operator skill than other forms of welding. 

A weld can be as strong as the base metal itself, as long as the weld has full penetration into 

the joint.  This full penetration is only possible through proper preparation of the material to 



 

 

 

7 

be welded.  The most common method to prepare the material being welded is to bevel the 

edges that are being joined.  These bevels open up the joint allowing for the weld to better 

penetrate, making the weld stronger.  It is recommended to have both sides of the joint 

beveled for a total of a 60˚ groove. 

When welding a structure it is important to first tack the pieces together in their desired 

locations.  Tack welds hold the pieces of the assembly firmly in place and prevent movement 

of the pieces during welding.  Tack welds should be about one inch long and placed at 

intervals along the length of the joint. The tacks should be as strong as a normal weld as they 

will become incorporated into the final weld bead.  Once the tacks have been applied, the 

geometry of the structure should be checked. If necessary the tacks can be broken if the parts 

need to be reassembled. 

Safety is a big concern in welding, because there are many hazards present. All skin should 

be covered as the welding process emits UV light which can cause burns.  The eyes need to 

have a dark lens that reduces the light emission from the weld.  Gloves are important as 

metals have a melting point around 3000˚F and welding can produce temperatures over three 

times that. There needs to be ventilation to prevent the accumulation of gases. [5] 
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3. SAFETY 

3.1 Response to Fuel Leaks 

Fuel leaks should be addressed immediately upon discovery. Prolonged skin exposure with 

the fuel should be avoided. If the leak occurs while the vehicle or test stand is running the 

approximate location should be noted and any operation or testing halted. Proper Personal 

Protective Equipment (PPE) should be worn while dealing with biodiesel as it is an irritant. 

The leak should be contained by using an oil absorbent, either a granular or a mat product, to 

prevent the spread of the fuel from creating an environmental hazard and the source of the 

leak should be addressed. 

 eaks are unlikely to cause fires as the engine does not operate at or above the flash point of 

biodiesel,  0  C and  30  C respectively, but should still be treated with caution. 

3.2 Response to Fuel Fire 

*The first priority in any unwanted combustion event is the safety of everyone present.* 

In the event of unwanted combustion on the test stand the dyno room should be evacuated 

immediately, and the dyno door closed. Then the FM-200 fire suppression system should be 

activated, followed by the engine kill switch that is located outside of the dyno room, and 

then turn off the exhaust fan. Emergency services are automatically contacted when the FM-

200 fire suppression system is activated.  

The graduate student in charge of the dyno room should then be contacted who will 

coordinate the proper response. 
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4. EXISTING SETUP 

4.1 History of the Existing Stand 

The engine test stand that currently exists has undergone several iterations of development 

over the years as various graduate, (MAE 586) and undergraduate (MAE 416) students have 

attempted to build and refine a running engine test stand. After working on this stand for 

several months, a decision was made that a more appropriate allocation of time and funds 

would be to design and build a new stand. The existing stand was not a complete waste as it 

provided the test equipment that was utilized in the new stand, and provided insight into the 

design and operation of a test stand.  

4.2 First Iteration 

The current engine stand was created in 2011 as a graduate project. The stand that was 

created was designed to hold only one type of engine, a Yanmar turbo-diesel engine donated 

by John Deere.   

 
Figure 1: First Iteration of Existing Engine Stand (credit Mitchell Brown) 
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In this design the engine is hard-mounted to the stand, and the brake slides axially to meet the 

engine. The brake is allowed to adjust in this manner to aide in the assembly of the Lovejoy 

coupler.  However, based on the pictures available of this iteration, there does not seem to be 

enough clearance to install the coupler. The brake is mounted to the stand by its outer casing, 

preventing rotation of the casing that is supposed to be secured to the load cell. This means 

that even if the load cell was installed, which it is not in this iteration, it would not be able to 

provide any data for calculating the torque of the engine.  Power was not able to be found as 

there is currently no RPM sensor.  

Because the stand was designed for this engine, it is able to fix the engine and the brake in a 

configuration that appears to have minimal misalignment. There is question about the way 

the brake’s mounting system is harnessed to the stand, and it being able to hold tolerance 

once the stand is in operation.  While this mounting concept in theory only has one degree of 

freedom (axial) in construction it allows the brake to rotate about the vertical axis.  This 

mounting concept also did not allow for any horizontal adjustment, if such adjustment was 

needed. [6] 
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4.3 Second Iteration 

The second iteration was again a graduate research project (MAE 586). In this iteration the 

graduate student attempted to address the issues that the stand had after the first iteration.  

 
Figure 2: Second Iteration of Existing Engine Stand (credit M.P. Spierer) 

 

In this iteration the mounting of the brake was redesigned. The issue with the brake casing 

being hard mounted to the test stand was resolved.  The brake was now harnessed on both 

sides by a pillow block bearing.  The brake is mounted to the frame in such a way as to allow 

for easy removal when installing the Lovejoy coupler. It also allowed for the addition of 

shims to adjust the height and tilt of the brake when aligning it with the engine. Based on 

reports by the student on the difficulty of installing the coupler, it can be inferred that the 

engine and the brake may not be properly aligned.  
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Figure 3: Second Iteration Brake Mounting Concept (credit M.P. Spierer) 

A load cell was installed, allowing for the torque of the engine to be measured.  This 

measurement uses the force measured by the load cell and the known distance of the lever 

arm to calculate torque.  The issue with this lever arm is that is the precise length is 

unknown.  The student reports that it is about 18 inches in length. However, without knowing 

the exact length of the arm, the torque value calculated for the engine will be skewed. [7] 
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4.4 Third Iteration 

The third iteration was done by a team of undergraduate students who were modifying the 

test stand for a senior design project (MAE 416.) The goal of their project was to do exhaust 

noise testing on a different turbo-diesel engine. 

 
Figure 4: Third Iteration of the Engine Test Stand 

In this iteration the stand was modified to accept a Kubota turbo-diesel engine. The frame-to-

engine mounting plates were able to stay the same, but the mounting structure was cut out 

from the frame.  The new mounting system for the engine utilized the mounts that made for 

the brake in the first iteration, except that they would be bolted directly to the stand with a 
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through-bolt that pierces through the bracket and test stand beam. Quarter inch aluminum 

plate was placed between the mount and the test stand to raise the engine up closer in 

alignment with the brake. This new mounting structure if done properly could have properly 

aligned the engine and the brake, but the mounting holes in the frame were not located 

properly to align the brake and the engine, making the Lovejoy incapable of properly 

coupling the system.  

4.5 Final Iteration 

The final iteration was started as part of this project, with the help of two undergraduate 

students.  The goal was to be able to obtain power, torque, and potentially brake specific fuel 

consumption (BSFC) curves of the Kubota engine. After the project was done the plan was to 

begin using the engine test stand in undergraduate labs. 

 
Figure 5: Final Iteration of the Engine Test Stand 
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It was initially decided to try and revise this stand instead of making a new one, as it was 

believed that only minor modifications were needed to complete it.  The first step was to 

make sure the data collection system was working. The DYNOmax software was provided 

by Land & Sea with the DYNOmite Dynamometer hardware that was installed on the 

workstation in the lab. With the help of the literature provided and several calls to Land & 

Sea the torque value coming from the load cell could be displayed on the monitor.   

The second iteration of the  stand was designed with two mounting arms that would bolt into 

the side of the engine using the engine's four mounting points. These mounting arms were 

originally designed to mount to the frame by clamping on to the stand's frame rails. These 

clamps did not perform as designed and in the third iteration they had been modified to be 

secured by ½ inch bolts that were ran vertically through the test stand frame. 

 
Figure 6: Final Iteration Mounting Strategy 
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This third iteration's method of securing the mounting arms was rejected as it did not locate 

the engine in the proper position relative to the brake. 

The final iteration's design allowed for vertical and horizontal adjustment by running ½ inch 

bolts through nuts welded onto the top and side of the “mounting cradles” that can lift up or 

pull the engine to the side. These bolts can also be used to adjust the angle of the engine 

around any of the three axes as can be seen in Figure 6. 

 
Figure 7: Current Mounts 

The side bolts also apply clamping force that is used to hold the engine in place during 

operation.  

The holes, which had been cut through the engine stand’s rails in the previous iteration, were 

patched to prevent them from interfering with the operation of the new engine height 

adjustment bolts.  
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The welds that attach the outer plate of the mounting cradle were not able to hold up to the 

moment applied by the ½ inch side bolts.  Whenever the clamping bolts were tightened the 

outer plates would bend away along the weld bead.  C-clamps were used to fix the problem 

temporarily until the stand was properly functioning as can be seen in Figure 7. 

4.6 Issues with the Current Stand 

The main issues with the current stand design are the stacking tolerances and too many 

degrees of freedom. The Lovejoy Coupler has a parallel tolerance of 0.015 inches and an 

angular tolerance of  ˚.  Different types if shaft misalignment can be found in Figure 8. 

 
Figure 8: Types of Shaft Misalignment (credit McMaster-Carr) 

In the current iteration of the test stand it is physically impossible to place the engine and the 

brake in a configuration that falls within the tolerances of the Lovejoy coupler. Even if the 

modifications were made so that the engine could be placed in-line with the brake, it would 

take weeks of setup to dial in a new engine to the stand.  From the first iteration, this stand 

was not designed for the requirements that are now expected of it.  The most practical 

solution became to leverage the lessons learned from the old stand to design a new stand 

capable of meeting the current and any foreseeable constraints. 
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5 DESIGN PROCESS 

5.1 Concept Creation 

5.1.1 Research 

Research began with a review of existing engine dyno stands.  The first place that was 

explored was  and & Sea’s website [8] as that is where all of the dyno components that were 

already in possession are from.  Their stands utilize a three point mounting system which has 

the desired effect of minimizing degrees of freedom.   

 
Figure 9: Land & Sea Empty Dyno Cart (credit Land & Sea) 

The engine mounts are able to be adjusted axially, allowing for different length engines. It 

also allows for the engine to be moved away from the brake for the coupler to be installed.  

The engine mounts also allow for a stepped vertical adjustment.  In this design the engine is 

set to a rough height by using the adjustments on the engine mounting arms, and the brake 

mount is able to finely adjusted to match the engine’s height.  
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Figure 10: Land & Sea Mobile Dyno Engine Mounting (credit Land & Sea) 

The brakes mount is a single threaded rod that supports the brake and is able to adjust the 

brake’s height in a continuous manner, by rotating the threaded rod.  Once the height has 

been roughly set by the engine’s mounting arms, the brake’s mounting system is able to be 

adjusted to perfectly match up the axis of rotation of the two components. 

These stands tie the engine and the brake together using a modified bellhousing.  This 

bellhousing aligns the shafts of the engine and the brake, insuring a connection for coupler 

that has minimal misalignment.  In effect this bellhousing is making the engine and the dyno 

into one rigid component.  [8] 
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Figure 11: Land & Sea Mobile Dyno (credit Land & Sea) 

5.1.2 Idea Realization 

Work on designing the stand began by creating rough sketches of how the engine stand 

would work. At this stage of development the exact properties of the design are not needed to 

be known, just the core concepts of the design.  

To make the design process easier, and to limit the scope of the possible solutions, some 

criteria about how the stand should work were developed.  The criteria were: 

1. The engine stand needed to be able to hold different engines with minimal 

modification. 

2. The stand should be able to harness the engine and the brake in a position that falls 

within the operating conditions of the Lovejoy coupler. 

Bellhousing 

Brake 

Engine 
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3. The stand should hold the engine and the brake securely without allowing for any 

unwanted movement of the brake or the engine 

Using these constraints, concept sketches were created to work out the fundamental operating 

principles of the stand. These initial brainstorming sketches are shown below in Figure 12 

and in Figure 13. 

 

Figure 12: Mounting Concepts 
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In the sketches above several of the key defining characteristics of the stand were outlined. 

The engine will sit on two arms, one on either side. These arms will consist of two 

telescoping square tubes with holes at constant intervals so that the arms can be elongated.  

The engine mounts will sit on top of these arms and tie into to mounting holes on the engine.  

Each new engine to be tested will require its own unique set of mounts. These mounts will be 

designed using the techniques laid out in the design process created by the NC State 

EcoCAR2 team. 

Instead of having to obtain and modify a unique bellhousing, a custom mounting structure 

will be designed to match the bellhousing bolt pattern to that of the brake.  Using this design, 

every time a new engine is to be mounted, there will only be a few day lead time to have the 

new mounting system components made. 

The brake will be harnessed by a cradle which will wrap around the brake and hold it captive 

using two pillow block bearings, one on each side of the shaft.  The brake cradle will be 

attached to the engine stand by way of a threaded rod as discussed previously. 
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Figure 13: Adjustability Concepts 

In the sketches (Figure 13) the mounting system for attaching and adjusting the engine mount 

arms to the stand was worked out.  There would be two hardened shafts running along the 

stand that the engine mounting system would clamp on.  This allows the mounts to move 

longitudinally on the stand, adjusting for length of the engine, or for the installation of the 

Lovejoy Coupler. It should be noted that Lovejoy no longer sells this style of coupler, and 

have a newer version that has increased offset tolerances. It is recommended that a newer 

coupler be invested in. [9] 
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5.2 Initial CAD and Key Components of the Design 

Using the concepts developed in the brainstorming phase, an initial design was created using 

CAD.  The goal in this step was not to have a completely correct and functioning model, but 

rather to have a design that would showcase the key concepts of the new stand and allow for 

further development.  

 
Figure 14: First CAD Model 

Common materials were designed for to aide in the construction of the stand. Most of the 

square tube is 1.5x1.5 1018 steel with a wall thickness of 0.083 inches (14 BWG).  The plate 

steel is 3/8 inch 1018 steel. 
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Figure 15: Engine Interchangeability 

The stand was designed such a way that a new engine could be installed on the stand with 

minimal alterations to the stand itself.  The 3 points of contact to the engine can easily be 

reproduced to fit onto the new engine.  The plate that aligns the engine to the brake can be 

cut on a water jet and will connect the engine to the brake bracket.  The engine will be held 

in place by brackets that are bolted on to the top of the engine mount arms and into the 

engine block via the mounting holes. 

The brake bracket adjustability was designed to use a ¾ inch threaded rod that will run into 

tie-rod ends welded into the stand. The bottom rod end has right-hand threads and the top rod 

end had left-hand threads so that when the threaded rod is turned clockwise it will raise the 

stand. 
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Figure 16: Brake Height Adjust Design. 

To build this, a    /4” hole will be cut in  ”x2” rectangular steel tube. A sleeve will be 

welded through the tube to add some structural rigidity and to properly align the tie-rod end.  

The tie rod will then be welded into the sleeve.  The threaded rod will have flats machined in 

its center to accommodate a wrench. 
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5.3 FEA Testing 

Two rounds of static structural FEA were performed to verify that the stand would be able to 

withstand the forces that will be exerted by the components during operation. The testing was 

done in ANSYS using a static structural simulation. 

The first simulation was a test to make sure that the stand would be able to withstand the 

weight of the engine and the brake. For this test the weight of the engine was distributed 

evenly to the mounting holes on the mount brackets. The weight of the Kubota engine is just 

over 250 pounds, so a force of 62 pounds was exerted on each mounting face, one of the 

loading conditions can be seen in Figure 17. 

 
Figure 17: Static Engine Mounting FEA Forces 

The Eddy current brake weighs approximately 200 pounds so to simulate its weight on the 

stand 100 pounds was placed on either side of the brake bracket, one of the loading 

conditions can be seen in Figure 18. 
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Figure 18: Static Brake Mounting FEA Forces 

 

 

 

 
Figure 19: Static Mounting Calculated Stress 

The results show that there is a maximum stress of the stand of about 12,500 psi, which is 

acceptable as the steel plate has a yield strength of 54,000 psi and the tube has a yield 

strength of 72,000 psi. This would give the stand a factor of safety of 4.3 when not in use.  

When the stand is running there will be two opposing forces created. The first is loading on 

the brake's load cell that is created by the torque of the engine. The other is the opposing 

moment that is acted on the engine mounting arms by the engine. The Kubota engine is rated 
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to have a peak torque of 120 Nm or 88.5 ft.-lbs. To hold the engine captive it is then 

calculated that the engine mounts will experience two equal but opposite reaction forces, on 

one side the force will act up and the other down. To model this effect a simplified engine 

model was built to tie the engine mounts and the brake bracket together.   

 
Figure 20: Operating Engine Mount Force Loading 

With this simplistic model of the engine, the engine weight and torque can be added directly 

to the model. 
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Figure 21: Engine Weight Loading 

 

 

 

 
Figure 22: Engine Torque Loading 

The weight of the brake on the brake bracket was kept the same as, negating friction in the 

mount bearings, the torque from the engine will act upon the load cell. To model this, a 72 

pound force was placed on the load cell.  This was calculated by taking the 88.5 foot pounds 
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of torque and dividing it by the distance (375mm) from the center of rotation of the brake to 

the vertical axis of the load cell. 

 
Figure 23: Operating Force Load on Load Cell 

The stresses calculated from the operating loading conditions are shown below. 

 
Figure 24: Operating Load Stress Results 
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The analysis shows that the maximum stress when the engine is running at full power is 

27,500 psi, which gives a factor of safety of 2.  However, the actual factor of safety will be 

even higher due to the location of the maximum stress in the model. The maximum stress 

occurs in the tube connecting the brake to the load cell, this stress is caused by the 

simplifications made to the model to remove complexity from the analysis. These 

simplifications include simplifying the loading of the load cell. Originally it was attempted to 

simulate the loading of the test stand by the brake by using a model of the brake. This would 

give the most realistic reactions of the stand, but the simulation software was not able to 

work with the frictionless surfaces of the mounted bearings that are suspending the brake. 

Figure 26 shows how the simulation believes the test stand will deflect with the given 

loading conditions (in a highly exaggerated state.) It shows that the load cell will bend 

outwards away from the center line of the brake. In reality, there will be far less movement of 

the lever arm as it is attached to the brake that will be rotating around its center line, thereby 

reducing the deflection of the load cell arm and the resultanting stress. The deflection that the 

model is calculating can be seen in Figure 26. 



 

 

 

33 

 
Figure 25: Stand with no Loading 

 

 

 

 
Figure 26: Stand Deflection with Full Load (Greatly Exaggerated) 

Based on the analysis done, this stand has a factor of safety of over 2. But the stress 

concentration points where this max stress is present at is not an accurate representation of 

the  actual stand. This inaccuracy is caused when corners in the model are meshed. Once 

these inaccuracies are removed the factor of safety moves closer to 7. This means that the 
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failure point of the stand is 7 times the torque of the engine being tested for, or 620 foot 

pounds. Therefore, the stand could withstand an engine making up to 300 foot pounds of 

torque and still have a factor of safety of 2. 

5.4 Design for Construction 

One of the key components to this design is the ability to be able to change over to a new 

engine in a quick and easy manner.  For this reason the brackets that hold the Kubota engine 

in place were designed to be cut out of plate steel using a water-jet machine, and then based 

on their design be able to hold position and tolerance while being welded.  

In order for the stand to work properly, meaning that it holds the engine a brake in the proper 

positions with little error, the construction of the stand must follow very tight tolerances.  If 

tight tolerances are not met, the errors at each joint can combine to throw the entire stand out 

of alignment. The stand was designed with assembly in mind, in a very similar manner to the 

mounting brackets, having added features to the components of that stand so that the proper 

positioning of the components can be achieved. 

To accomplish this task, the components making up the structure have tabs and 

corresponding tabs added to them, so that they lock together like a 3D jigsaw puzzle.  An 

example progression is shown below, in which the engine mounts are modified in this 

manner. 
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Figure 27: Design for Assembly - Basic Layout 

Figure 27 shows the engine mounts in their most basic form.  The mounts are from 3/ 6” 

steel components. Each part can be cut out of a sheet of steel using a waterjet or laser cutter. 

 

 

 
Figure 28: Design for Assembly - Slots and Tabs 

In Figure 28 slots and tabs have been added to the design. These features will hold all the 

components of the bracket in place, and help to prevent warping when the bracket is welded 
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together. A clearance of 0.005” added between faces of the slots and tabs. This clearance 

allows for the parts to be easily assembled, but holds a tight tolerance. 

 
Figure 29: Design for Assembly – Dog-boning 

The last step is to add a  / 6” hole to all of the corners. This feature, called dog-boning, is a 

way to ensure that the components can be assembled without modification. Without these 

holes there is a possibility, at least with older, less accurate machines, of not properly cutting 

the corners. This could prevent the components from properly fitting together. 
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5.5 Final Design 

This section is a compilation of  several images of what the final design looks like. 

 
Figure 30: Final Design 

The stand has a pan on the bottom. This pan will catch any spilled fluids and can hold 

secondary systems of the engine, like the battery and the fuel tank. This is an effort to try and 

make the stand  a standalone unit. Everything can be set up and tested before the engine is 

ever wheeled into the dyno room. 
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Figure 31: Final Design - Side View 

 

 

 

 
Figure 32: Final Design - Engine to Brake Coupling 

This stand was designed to be able to mount different engines with minimal alterations to the 

stand. To this extent the pieces that fasten the engine to the stand have been designed to 

quickly and easily be replaced. In Figure 32 the plate that holds the engine in line with the 
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brake can be seen. This plate can easily be fabricated if the bolt pattern of the bell housing is 

known. 

 

Figure 33: Final Design - Arms 

The arms that hold the stand are telescoping. They are the first height adjustment that should 

be made when setting up a new engine. There is a locating pin in the middle of the arm that 

will position the engine mount in the correct position relative to the arms. 
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6. COMPONENT COSTS 

The components for this stand have been sourced from two different locations. The hardware 

has been found on McMaster-Carr's website and the raw materials are from Dillon Supply. 

6.1 From McMaster-Carr 

Table 1: Component Pricing from McMaster-Carr 

McMaster-Carr 

Description Part # Qty Unit Price Note 

.584 ID Tube 89955K629 1 1 ft. 9.02   

linear pillow block 9338t3 2 ea. 66.6   

Mounted Ball Bearing 7835t54 2 ea. 171.45 

Already 

have 

Threaded WeldNut (Left-

Hand) 94640A369 1 ea. 6.12   

Threaded WeldNut 

(Right-Hand) 94640a365 1 ea. 6.12   

3/8" Dowel Pin 97395A515 1 5 pack 11.25   

3/4-16 Threaded Rod 98957A409 1 1 ft. 5.95   

3/4" Hardened Shaft 6061k54 2 24" 21.68   

Shaft Raisers 1865k5 4 ea. 19.68   

.194 ID Tube .062 wall 89955k439 2 1 ft. 5.64   

1/4"-28 Weld Nut 93975A120 1 50 pack 8.74   

4" Caster  1/2"-13 stem 2437T77 4 ea. 25.27   

Angle Steel 1"x1" 3/16 

wall  9017K144 1 1 ft. 3.98   

   
Total 418.82 
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6.2 From Dillon Supply 

Table 2: Component Pricing from Dillon Supply 

Dillon Supply 

Description Qty. Unit Price 

3/16"  Plain Carbon Steel Sheet  1 4ft x 8ft $153.41 

   /2 x    /2,  / ” wall 2 20ft $37.42 

1/16" Plain Carbon Steel Sheet 1 4ft x 8ft $53.52 

 "x2"  / ” wall 1 20ft $38.00 

  
Total $319.77 

 

The total cost of materials for this stand comes to $750; if the stand is constructed in house 

there will be no labor fees. A similar stand from Land & Sea costs $7000.  
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APPENDICES 
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Appendix A - Useful Terminology 

Spark Ignition (SI) This is an engine that creates the ignition source for the combustion by 

using a spark plug.  Almost always is referring to a vehicle that runs on gasoline or ethanol. 

Combustion Ignition (CI) This style engine creates the ignition source for the combustion 

by compressing the air in the cylinder until it generates enough heat to ignite the fuel. 

Otherwise known as a diesel engine. 

Wide-Open Throttle (WOT) This is the position of the throttle when it is fully opened. 

Used when maximum power or speed is desired. 

Air-Fuel Ratio (AF) Ratio of the mass of the air in the ignition charge to the mass of the fuel 

Fuel-Air Ratio (FA) Inverse of the Air-Fuel Ratio, it is the ratio of the mass of fuel to the 

mass of the air in the intake  

Accessory Pulley This is the pulley on the front of the engine that will provide power to the 

accessories via belts. Various accessories that can be run off of the accessory pulley are: 

alternator, power steering pump, water pump, AC compressor and radiator fan, 

Alternator converts the rotational energy of the engine into electrical energy that provides 

power to the vehicles electrical systems when the engine is running.   

Crankshaft Rotating shaft the converts the linear motion of the pistons into the rotational 

motion of the engine.  The flywheel is attached at one end of the crankshaft, and the 

accessory pulley to the other. 

Flywheel This is the large rotating wheel on the back of the engine.  The flywheel has a large 

moment of inertia that helps the engine maintain a semi-constant RPM while the engine is 

operating.  It helps the engine to do the work necessary of compressing the intake air without 
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losing too much speed.  It then absorbs some of the energy of the power stroke to prevent the 

engine for providing an inconsistent power application. 

Fuel Injector A pressurized nozzle that injects the fuel either into the intake manifold or 

directly into the cylinder. On a CI engine, the nozzles can inject the fuel at pressures up to 

30,000 PSI. 

Naturally Aspirated (NA) Air is pulled into the engine by the vacuum created when the 

piston descends. 

Turbocharger A system that uses exhaust gas to pressurize the intake air.  The pressurized 

air is capable of burning more fuel per combustion stroke, allowing a smaller engine to get 

comparable power to a larger engine. 

Supercharger A system that compresses the intake air by using power from the crankshaft. 

Bellhousing Connects the transmission to the engine in a vehicle, and covers the flywheel. 
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Appendix B - Useful Calculations 

Engine Torque 

                      

Engine Power 

For SI units, 

          
                             

     
 

For English units, 

          
          

    
 

Brake Specific Fuel Consumption (BSFC) 

     
                      

            
 


