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ABSTRACT

An Animal engine was converted from pump gasoline to methanol for racing applications. Through testing different engine components the best combinations were found to create the most powerful stock engine.  These results will be used to create specifications for a stock class of go-kart racing for the WKA (World Karting Association) and other racing chapters. This report will describe in detail, the results that were obtained through such testing. 
INTRODUCTION

Briggs & Stratton recently released a new engine to the public for purposes of racing.  In order to be used by the popular racing associations there was need to have the engine analyzed to find ways to keep the stock engines as similar as possible. The research done included design and installation of electric start, flowing of cylinder heads, computer software simulation, and inertia dynamometer tests for horsepower and torque in acceleration.

Research
Throughout the course of the senior research project many tests were conducted and some problems were solved in order to find the best stock engine setup for the Animal engine.  Three methods of measurements were taken on the engine: static, air flow, and computer generated.
Electric Start design and Installation

This part of the project focused on installing electric start on the block of the Animal engine.  The Animal engine is not available with the electric start option because the factory flywheel, which weighs 3.73 lbs, is not equipped with a ring gear and a starter must be purchased separately. This was done to keep the weight of the engine down for racing applications. 
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Fig. 1 Engine with Starter Installed

To adapt electric start onto the Animal Engine, a jig had to be designed that would position the drilled holes in the correct places to bolt the starter onto the block.  The correct place for the holes is in the same place as the Intek block, which is the industrial version of the Animal Intek.  The industrial version is used for pressure washers, air compressors, generators, and other various small engine applications. The sum of the additional weight after electric start is 18.82 lbs. When the factory flywheel (3.73 lbs.) is removed the actual increase in weight is 15.09 lbs.  
Cost Analysis
	Description
	Weight
	P/N
	Cost

	B&S Electric starter motor
	4.66 lbs.
	694504
	$106.10 

	Starter Button (G&L Auto)
	<1 lbs.
	ssd-5
	$7.61 

	Wire (8 gauge)
	<1 lbs.
	-
	$1.50/ft

	Battery (Ni-Cad)
	5.75 lbs.
	BP7-12
	$25.99 

	Flywheel with Ring Gear
	6.41 lbs.
	694902
	$63.95 

	Total
	18.82 lbs.
	
	$205.15 


Installation guide and CAD drawing of jig found in Appendix 1.
Simulation using computer software

One specific part of the project was creating computer simulated horsepower outputs based on the static and air flow measurements. Two different software programs were used:  Engine Analyzer and Dynomation. Engine Analyzer is a windows based program made by Performance Trends.  Dynomation is a DOS based program.  The main difference between Dynomation and Engine Analyzer however, is the fact that Dynomation is a “wave-action simulator” and Engine Analyzer is not.  This means that Dynomation takes the intake path length and calculates the 1st, 2nd, and 3rd harmonics for inertia super charging effect, and theoretically gives a more accurate depiction of how the engine breaths at its operating RPM. Both require almost exactly the same input and operate similarly. The horsepower and torque outputs created by the computer were compared to the actual engine output as measured on the inertia dynamometer.  It was noticed that the computer simulations assume perfect air/fuel mixtures, airflow tendencies, and SAE standard atmospheric conditions.  


For these programs to work they require a lot of engine information.  The measurements needed are:
· Short Block

· bore
2.68 in.

· stroke 
2.2 in.
· number of cylinders
1 cyl.
· connecting rod length
2.425 in.
· Cylinder Heads

· compression ratio
9.8:1
· combustion chamber 
23.8 cc
      volume 

· chamber type 
Wedge
· Intake

· Layout
1 valve/cyl.
· valve diameter

1.23 in.
· average port diameter 
1.15 in.
· port volume
24 cc
· port length
1.4 in.
· Exhaust
· Layout
1 valve/cyl.
· valve diameter
.94 in.
· Intake System

· manifold design
cylindrical
· runner diameter
.89 in.
· runner length
1.75 in.
· flow efficiency
69.4%
· intake heat
no
· Carburetor
· CFM rating
60 CFM
· vacuum secondaries
none
· Exhaust System

· Design
no restriction
· primary diameter 
1.25 in.
· primary length
18 in.
· flow efficiency 
66.7%
· collector length
none
· type
tubular
· Camshaft and Valve Train

· determine how events will 
.050”
       be rated (seat to seat, @ .050” lift)
· Intake
· centerline (ATDC) (B/G)
110.2 / 110.6˚
· duration(B/G)
207.4 / 208.9˚
· open @(B/G)
6.7 / 6.2˚
· close @(B/G)
34.1 / 35.1˚
· max lobe lift(B/G)
.252” / .256”
· valve lash
0”
· rocker arm ratio
1:1
· Exhaust
· centerline (BTDC) (B/G)
110.2 / 110.6˚
· duration(B/G)
213.5 / 217˚
· open @(B/G)
37.5 / 38.8˚
· close @ (B/G)
4 / 1.8˚
· max lobe lift(B/G)
.256” / .257”
· valve lash
0”
· rocker arm ratio
1:1
· Total cam advance/retard
0˚
· Lifter type 
Mechanical
*B=Broached Camshaft

*G=Dyno Cam (Ground and Hardened Camshaft)
For simulating the intake system, measurements of intake runner diameter, the runner length, and the intake flow in cubic feet per minute (cfm) at designated lift points are needed. For the exhaust system simulation, measurements of the primary exhaust manifold diameter, along with a primary length of the manifold is required. Since, there are no restrictions in the exhaust, other information, such as muffler type and exhaust tubing diameter may be omitted. 
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Fig. 2 Cam Pro-Plus

The cam profile information can be entered in two ways.  It is possible to enter events in terms of seat to seat duration or at .050” lift.  Either way, the max lift, opening and closing angles, and center line are needed.  A valve lash and the rocker arm ratio must be entered.  The intake side and exhaust side of the cam are entered separately.  At that point, the advance or retard of the cam can be adjusted in order to notice any tendencies that will increase output for the particular application.  The valve train lay out is also entered (pushrod w/ rocker arms, OHC, DOHC, etc.)

Once the fuel type and atmospheric conditions are set, the computer generates simulated horsepower and torque curves.  It also generates calculations on volumetric efficiency, BSFC, BSAC, mean piston speed, piston Gs, and a maximum spark advance before detonation based on the fuel type and octane of the fuel. 

Flowing of head, Valve and port
In order to use the computer simulation software the intake and exhaust valve and port flow was needed.  The SuperFlow model SF-300 was used for the flow testing of this head.  Four basic tests were performed to determine the total flow

1) Head only with a radius inlet guide

2) Head with manifold and radius inlet guide

3) Head with manifold and carburetor

4) Exhaust flow
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Fig. 3 Flow # 1
[image: image5.emf]Radius Inlet with Manifold
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Fig. 4 Flow # 2
[image: image6.emf]Radius Inlet with Manifold and Carb
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Fig. 5 Flow # 3
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Fig. 6 Flow # 4
The carburetor can be adjusted on the intake manifold to allow it to be kept level when the engine is installed in the kart. This adjustment is performed at a potential air flow penalty. The adjustment only allows the carburetor bore and intake manifold bore to line up concentrically in one position. All other positions cover up part of the intake manifold area.  Additional tests were performed to see if there could be a flow gain by simply adjusting the position of the manifold.  The in-line test was set up so the manifold and head were lined up exactly inline.  The intake was then offset as far up as possible and tested in that position, then the manifold was offset as far down as possible and tested.   
 In-line

Offset up
Offset down
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Fig. 7 Carburetor Offsets
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Fig. 8 Flow of Three Carburetor Positions
After the flow was taken a series of calculations was needed to find actual valve and port flow.  Test pressure was taken at twenty-five inches of water and lift to diameter ratios were calculated by multiplying the intake valve diameter by each one of the seven L/D ratios, (0.05, 0.10, 0.15, 0.20, 0.25, and 0.30), according to SuperFlow.  This gave seven valve lift test points of (0.053, 0.106, 0.158, 0.211, 0.264, and 0.317).  The flow range number two was used for the first three lifts and range three for the last three.  They were then corrected using the SuperFlow correction factor of 47.5 for range two and 99.7 for range three.  The percent flow reading from the SF-300 was then multiplied by the corrected flow and leakage was subtracted from this number.  This number represented valve and port flow of the Animal head.

HORSEPOWER/TORQUE DYNAMOMETER
To measure horsepower and torque an inertia dynamometer, constructed at MSU, was used. The software that was used to measure the values was DataMite made by Performance Trends. The inertia dynamometer incorporated a 157 pound steel inertia wheel with a magnet attached. A speed sensor was attached inline of the magnet to record the flywheel speed of every revolution. The speed sensor, along with an inductive pickup attached to the spark plug wire to read engine revolutions per minute (RPM), would record its data and save it to the DataMite box. After a run was completed the stored information in the DataMite box was downloaded to the computer for analysis.

The first attempts at horsepower and torque runs yielded many problems. Noise spikes and incorrect data were recorded. The feedback desk at Performance Trends was contacted, a run was reviewed and feedback was returned. First, it was found that when a run is being downloaded it is best to edit out all noise spikes to get a smooth curve. Second, it was recommended only one magnet be used on the inertia wheel to receive data. Originally there were four magnets on the wheel. Last, it was recommended to engage the clutch at a lower RPM (2500 RPM) so the inertia wheel and engine were spinning at appropriate RPM. To engage the clutch at 2500 RPM lighter springs (less tension) were purchased from the Engine Room. Using the feedback from Performance Trends appropriate and consistent data were seen on each run.
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Fig. 9 Inertia Dyno.
After receiving consistent data, horsepower and torque testing began. The first step in testing was to install two K type thermocouple wires, one inside the crank case to measure oil temperature and a second under the head bolt closest to the spark plug. The head bolt closest to the spark plug was chosen to measure the temperatures around the combustion chamber. A Fluke multimeter was used to measure the oil temperature in degrees Fahrenheit and an Omega meter to measure the head temperature in degrees Fahrenheit.

After installing the thermocouples the engine was started and allowed to idle for five minutes.  At the end of the five minutes the temperature of the engine oil and cylinder head was recorded. This was done twice, allowing the cylinder head and engine oil temperatures to cool down to ambient air temperature between each run. Both times a reading of 120 ˚F was recorded for the engine oil and cylinder head.  Only the engine oil temperature was used as the starting point because the cylinder head temperature will vary during the wait for the oil to cool. Once the starting oil temperature was determined the dynamometer runs began.
Steps followed for making a dyno run:

1. Start engine and allow it to idle.

2. With the DataMite software on your computer screen go to file and click on open(from all saved tests).

3. Select a test that is similar, one that has the dyno and engine specs of your engine already saved.

4. Once this test comes up on your screen go to file and select new(select new test). A screen with all your engine and dyno specs will appear.

5. Click on test conditions and select type of measurements you will perform. Enter in the weather conditions at the time of the test and close the screen. Software will use your test conditions to calculate a correction factor and correct your horsepower and torque readings.

6. Plug in DataMite. When you plug it in the red LED associated with the yellow record button will start to flash. 

7. When the light stays on continuously press and hold the red clear memory button for three seconds. The red LED associated with the yellow button will go out as the memory is cleared.

8. When the red light next to the yellow button reappears press the yellow button to stop recording data.

9. When starting engine oil temperature is reached press yellow button and begin test. When yellow record button is pushed the red LED will illuminate.
10. Increase engine speed to max RPM. Once max RPM is reached, release throttle. And after five to ten seconds push the yellow record button to stop recording. The red led should go out.

11. Apply brake and slow engine down to idle. Once engine is at idle shut engine off. 

12. Making sure cable is connected from DataMite box to the computer, click start new test in upper left hand corner of screen. The saved run you just made will be downloaded to your computer.

13. If any noise spikes were detected during the run select to edit them out.

14. Once downloading is complete evaluate data.

15. Save tests.
Three different carburetor positions and two different engine mounts were used during the runs.  Three to five runs at each position with each engine mount were recorded and the three most consistent were used. The first runs were made on a flat engine mount with all three carburetor offsets tested. Fifteen ounces of oil was used on the flat mount. The second runs were made on an angled mount. Eighteen ounces of oil was used on the angled mount. The factory broached camshaft (Part Number 555532) was then replaced with a Dyno Cam #AN001 cam which met stock limitations but was ground and hardened.
Results
The following information summarizes the results obtained through the testing. Flow testing, engine simulation and dynamometer testing results are discussed.
FLOW TESTING 

As expected the head flowed very well with the radius inlet guide as its only restriction.  Starting at the lower lift point of .053 inches it flowed 15.45 cfm and at the high lift point of .317 a reading of 61.05 cfm was seen.  The average flow of this setup was 44.02 cfm.  Adding the manifold to the setup proved to be a rather significant restriction bringing the average flow down to 34.90 cfm, a 9.09 cfm deficit.  With the entire intake system on the average flow fell to 30.10.  This 4.8 cfm drop was caused by only adding the carburetor.  This is the flow that would be used in the computer simulation software.

Exhaust flow proved to have no real restrictions that could rob the engine of any power gains.  The information was used for the simulation software and had an average flow of 89.43 CFM.

Results of the multi-position flow test proved rather interesting.  The accepted idea would be that the straight in line position of the first test would prove the most flow.  This was not true as the best average flow was seen by adjusting the intake so it was offset down.  This average flow was 30.49 CFM compared to 30.11 CFM of the in line test.   Again, by testing at a fully offset point the results proved that this got a better flow at 30.27 CFM than the inline but was slightly worse than the half offset position.  The results showed that some attention should be paid to the position of the intake manifold as the best results were seen by a half offset position.  A slight amount of air flow may equal a very slight amount of horsepower gain but that may mean the difference between winning and losing a race.

ENGINE SIMULATION

The simulation programs cannot take into account the angled or flat mount or the amount of oil in the crankcase. This explains why the output of the simulated horsepower when compared to the actual horsepower, was 10% higher. Peak simulated horsepower also occurred at a higher RPM in both programs (5500). 

The peak horsepower in Engine Analyzer was 10.5 HP @ 5500 RPM. The peak horsepower in the DOS based Dynomation software was 11.1 HP @ 5500 RPM. The software incorporates SAE standard atmospheric test conditions to calculate corrected horsepower. The difference was related to the inertia supercharging aspect of the engine simulated by the Dynomation software.

HORSEPOWER TESTING

During the horsepower and torque runs it was found that more horsepower was made on the flat mount than on the angled mount. More power was also made on the flat mount when there was no carburetor offset. The peak corrected horsepower found was 9.34 hp @ 4750 RPM on the flat mount using the hardened and ground camshaft.  Using the broached camshaft on the flat mount with no carburetor offset the peak corrected horsepower was 9.17 hp @ 5000 RPM. 
Using the angled mount and the hardened and ground camshaft, it was found that more horsepower was produced when the carburetor offset was all the way down.  With the offset in the down position on the angled mount, the carburetor was more level than in the other two positions. The peak corrected horsepower on the angled mount was 9.29 hp.  The rest of the horsepower and torque graphs can be seen in Appendix 2. All data is compared in Appendix 3. 

When the factory broached camshaft was used for horsepower and torque testing the peak engine speed was around 7600 RPM.  The broached camshaft was also equipped with a decompression clip for easy starting.  The Dyno Cam was not equipped with a decompression clip that made hand starting more difficult.  The electric start however was capable of starting the engine.  Also the ground camshaft, which does meet stock specifications, increased peak engine speed to 8200 RPM. This may be due to the .004” increased lift.
CONCLUSION
A Briggs and Stratton Animal Intek engine was converted from pump gasoline to methanol.  The engine was rated from the factory to be able to put out 6.5 HP, after the modifications were completed, the engine proved to produce 9.34 HP on an inertia dynamometer.
The electric start was effective and useful in starting the engine while on the dyno. Some problems were noticed when the brackets that are used to support the starter to the block failed presumably due to vibrations. The electric start will be instrumental in racing applications to enable a driver to quickly start the engine after a stall.

The simulated horsepower, taking into account the static measurements and airflow of the cylinder head, yielded a 10% greater horsepower output than the actual measured corrected horsepower. This means that using simulation programs is vital to comparing engines while keeping costs down, as well as identifying tendencies in engine changes such as fuel type, cam advance/retard, or flow differences.
The differences in the flow of the head, with the different offsets, initially showed variation in CFM, which were later proven in actual horsepower tests.
The horsepower was found to be higher when the flat mount was used.  This is believed to be true because when using the flat mount, only 15 ounces of oil are used compared to the 18 ounces used on the angled mount.  Using less oil reduces the drag on the crankshaft counterweights and connecting rod dipper producing more power.   

The most power available from the Animal engine, and the recommended setup, is created using the flat engine mount, 15 oz. of engine oil, no carburetor offset, and the ground and hardened Dyno Cam.
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