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CHAPTER 3 
 

ENGINE BENCH TESTS 
 

3.1 The Test set-up 
 

Several bench test configurations and procedures have been 

employed to evaluate the efficacy of four-stroke engine lubricants. 

However, despite an extensive literature review there appeared no 

accepted bench test set-up or procedure for the evaluation of four-

stroke engine lubricants and the effect of additives during a hot-test. 

The primary concern was to develop a test set-up that would 

simulate, to the maximum extent, the conditions that exist on the 

production line for the hot-tests. It would have been ideal to conduct 

these tests on a set-up that exactly matched the one used on the 

production line. Perhaps, the high capital involved led to this prospect 

not being discussed at all.  The use of a simple test geometry such as 

a BOCLE (Ball-On-Cylinder-Lubricity Evaluator) or a four ball wear 

tester was not even considered as they are bereft of the capability to 

model wear mechanisms at the various interfaces in an internal 

combustion engine and even more so, the conditions for no-oil hot 

tests. Furthermore, it is more direct to study the effect of different 

lubricant compositions on the internal combustion engine itself rather 

than use a simple geometrical test and attempt a correlation.  
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While the test set-up used by Patterson [23] was considered it 

was not used primarily due to vibrational problems associated with the 

same. These conditions and limitations led us in the direction of the 

end use of these small engines, to their widespread use on lawn 

movers. In what can be described as semi-field tests, the engine tests 

were conducted on a MURRAY lawnmower. The blade was mounted on 

to the engine and the air resistance accounted for the applied load. 

Two parameters were monitored during the test: engine speed 

and temperature. This was done to gather information regarding the 

normal speed of the engine and temperature of the cylinder at WOT 

(wide open throttle) as well as to detect any deviations from this 

datum, such as higher temperature caused by frictional heating and/or 

lower speed possibly caused by improper lubrication. The information 

thus gathered would also aid, depending on the deviation of the speed 

and temperature, in deciding whether or not to stop a test mid way. 

The test set-up essentially consisted of a lawnmower with a 

Tecumseh four-stroke engine mounted on it. A thermocouple to 

measure the cylinder temperature, amplifier to amplify the voltage 

that is subsequently read by data acquisition software and a reluctance 

transducer connected to a universal digital counter to read the engine 

speed (Figure 3.1).   
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Figure 3.1: Test Set-Up Used for Conducting the No-Oil Hot Tests 

 
 
3.1.1 Data Acquisition 
 

A hole was drilled in the shroud to introduce a reluctance 

transducer  (proximity probe) that would pick up a pulse generated by 

the magnet on the flywheel. The reluctance transducer was wired to a 

universal digital counter, which gave the engine speed in Hertz. A 

chromel - constantan (type E) thermocouple was utilized to monitor 

engine temperature. The design of a four-stroke engine does not offer 
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the facility to introduce a thermocouple into the cylinder to monitor the 

actual in-cylinder temperature, in direct contrast to its two-stroke 

counterpart, where a thermocouple may be introduced through a port 

or in place of a roll pin (a roll pin generally extends from the cylinder 

into the muffler; its purpose is to extract the heat from the cylinder to 

burn unburned exhaust gases in the muffler). As such, a hole was 

drilled on the cylinder block to introduce the thermocouple as close to 

the cylinder liner as possible, without actually going through the same. 

The hole was drilled at the beginning of the  � guide space� (where the 

piston rings reverse their direction of travel � towards the BDC), to 

eliminate the effect of the combusted gasses and ease of access. The 

leads of the thermocouple were then connected to a junction that was 

held in an ice bath (0 o C) as a reference as temperature was being 

monitored. The leads were then connected to an amplifier to boost the 

voltage signal of the thermocouple. The amplifier was in turn 

connected to the data acquisition box of an IBM PC that was set-up to 

gather, analyze and give a read out of the actual temperature. A 

Labview program written by Patterson [23] was used for this purpose.  

�The program written had a variable sample rate and sample period to 

collect and save the thermocouple voltage data. Included in the VI 

(labview program) was an algorithm to calculate the mean and 

standard deviation for each sample period. The standard deviation 
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could be set as the criteria for saving each data block. A sudden 

temperature increase, for example, would result in a large standard 

deviation over a sampling period, telling the computer to save the data 

block with the time after the start of the test in which it had occurred. 

For the purpose of this testing, this value was set as zero and the 

mean temperature data was saved over each 4-second sample period. 

This program also converted thermocouple voltage to temperature and 

displayed a strip chart temperature record on the screen during the 

test�[23]. 

This program was enhanced to pick up the output from the 

proximity probe as well and yield a direct readout of engine speed in 

rpm. However due to the limitations of existing hardware this facility 

could never be used. 

 
3.2 Study of Tecumseh Four-Stroke Engine 
 

The Tecumseh Engine products division manufactures a wide 

range of four stroke engines. These include vertical and horizontal 

shaft engines, cast iron sleeve engines and custom made ones. Ten 

engine tests were conducted here at Virginia Tech primarily on three 

engine models TVS 115, VLV 55 and LEV 115. Table 3.1 summarizes 

the important specification of the TVS 115 model. 
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Table 3.1: Specifications of the TVS 115 Four-Stroke Engine 
 

Power 5 HP 
Displacement (in3) 11.32 
Stroke (in) 1.844 
Bore (in) 2.795-2.796 
Piston Diameter (in) 2.790-2.791 
Crank Shaft Mag. Main Brg. Dia. (in) 0.9985 � 0.9990 
Crank Shaft P.T.O Main Brg. Dia. (in) 0.9985 � 0.9990 
Conn. Rod Dia. � Crank Bearing (in) 0.8620 � 0.8625 
Cam Shaft Bearing (in) 0.4975 � 0.4980 
Recommended Oil SAE 30 (below 32oF-5W30) 
Capacity (engine oil) 630 ml 

 
 

3.2.1 The TVS 115, VLV 55 and LEV 115 4-S Engines 
 

All the engines tested were vertical shaft, air cooled ones with a 

power rating from 4.5 to 5.5 H.P. Most of the small single cylinder 

four-stroke engines available in the market today are air-cooled. These 

engines had an aluminum piston, steel piston rings and aluminum alloy 

C.R bushing inserts. The VLV 55 series engines, however, were robust 

in design and construction and had a cast-iron sleeve. Dimensions of 

the main bearings and central bearings were longer than those on the 

other two engine models. The upper main bearings on the cylinder 

block had a recess to contain sufficient lubricant to lubricate this 

comparatively longer interface. The three engine models varied not 

only in the power rating but also with respect to the design, placement 

and construction of parts such as carburetor, air cleaner and muffler. 
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3.2.1.1 Carburetors 
 
A. Float style Carburetors  
 

�A float is used to maintain the operating level of fuel in the 

carburetor bowl. As the engine uses the fuel, the fuel level in the 

carburetor bowl drops and the float moves downward. This allows the 

inlet needle valve to move off the sealing seat. Fuel flows by gravity or 

a pulse pump into the fuel bowl. As the fuel level in the bowl again 

rises, it raises the float. This upward float motion moves the inlet 

needle valve to the closed position. When the needle contacts the seat, 

the fuel flow is stopped. The tapered end of the inlet needle varies the 

fuel rate and the fuel; level in the carburetor bowl remains constant 

(Figure 3.2). The float height is set according to the service procedure� 

[8]. 
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B. Diaphragm carburetors 
 

�Diaphragm type carburetors have a rubber like diaphragm, 

which is exposed to intake manifold pressure on one side and to 

atmospheric pressure on the other. Tecumseh diaphragm carburetors 

use the diaphragm as a metering device. As the intake manifold 

(crankcase) pressure decreases due to the upward piston travel, the 

atmospheric pressure on the vented side of the diaphragm moves the 

diaphragm against the inlet needle. The diaphragm movement 

overcomes the spring tension on the inlet needle and moves the inlet 

needle off the seat. This permits the fuel to flow through the inlet valve 

to maintain the correct fuel level in the fuel chamber. The inlet needle 

return spring closes the inlet valve when the pressure on the 

diaphragm equalizes or a pressure higher than atmospheric exists on 

the intake side (downward piston travel). The diaphragm meters a 

correct fuel level in the fuel chamber to be delivered to the mixing 

passages and discharge ports (Figure3.3). 

The main nozzle contains a bell check valve. The main purpose 

of this ball check is to eliminate air being drawn down the main nozzle 

during idle speeds and leaning the ideal mixture. A main or idle 

adjustment needle may be replaced by an internal fixed jet on some 

models. An advantage of the diaphragm carburetor over the float 
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system is that diaphragm carburetor increases the angle that the 

engine may be operated at� [8]. 

 

 

 
 

Figure 3.3: Diaphragm Carburetor [8] 
 

 

The VLV 55 series engine was equipped with a diaphragm type 

carburetor, whereas the TVS 115 and LEV 115 series were equipped 

with the former. 
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3.2.1.2 Compression Release Mechanisms 
 

For easier cranking of the engine one of the two following 

mechanisms were used on Tecumseh�s engines to lift the valve and 

relieve the engine compression. 

(A) Mechanical Compression Release (MCR) Mechanism: The camshafts 

equipped with such a mechanism are called MCR camshafts. They 

have a pin located in the camshaft that extends over the exhaust 

cam lobe, to lift the valve during cranking. This pin is connected to 

a weight (Figure 3.4) which moves outward as the engine starts, 

thereby dropping the pin down. This now enables the engine to run 

at full compression [8]. 

 
 
 

Figure 3.4: Mechanical Compression Release Mechanism [8] 
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(B) Bump Compression Release (BCR) Mechanism: BCR camshafts have 

a small bump ground on the exhaust lobe of the camshaft to relieve 

compression. This is shown in figure 3.5.  

It was observed that a specific engine model (TVS 115) was 

equipped with either of these mechanisms. As such, there appeared to 

be no specific advantage of one over the other. 

 
 
 

Figure 3.5: Bump Compression Release Mechanism [8] 
 
 
3.2.1.3 Flywheel Brake Systems 
 

Two types of braking systems are employed on Tecumseh�s 

small four-stroke engines, which kill the engine within 3 seconds of 

release of the engine/blade control bail at the lawnmower�s handle.  

Once again, it was observed that a specific engine model (TVS 

115) was equipped with either of these mechanisms. As such, there 

appeared to be no specific advantage of one over the other. 
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In spite of the reliable performance and widespread use of such 

L-head engines there has been considerable interest and a perceptible 

shift towards manufacture of engines with over-head valves (OHV). 

 
 
3.3 Development of test procedure 
 

An extensive literature was conducted to evaluate test 

procedures that matched or came truly close to the one that had to be 

developed for conducting no oil tests on small engines in the 

laboratory, but in vain. Moreover, the initial requirement stipulated by 

the concerned personnel at Tecumseh was to be able to run four-

stroke engines without oil for ten minutes. This was a gross 

exaggeration of that required solving the problem at hand. Test 

duration of 1 minute was eventually decided upon. 

Prior to conducting each test, every engine was dismantled and 

relevant components soaked in naptha solvent for at least 2 hours 

before pre-treatment, to get rid of the factory oil. After cleaning the 

engine parts, measurements of the cams and the connecting rod 

bushing half were made as described in the following chapter. The 

additive (if any) to the fuel was added at 2% concentration. The fuel 

was then stirred for 5- 10 minutes for the additive to be dissolved. The 

different bearings, cams and piston-cylinder interface were then coated 

with the selected lubricant mixture using either a brush or a stick. The 
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weight of the lubricant mixture was noted after pre-treating each 

interface to get an idea of the amount of lubricant used at each 

interface. 

The engine was then assembled using a torque wrench whenever 

necessary, as prescribed in the service manual. The engine was then 

mounted on the lawnmower along with the blade. It was then run for a 

minute at WOT at a speed of about 3000 rpm.  

 
 
3.4 Lubricant Formulations Used  
 

Based on Dr. Furey�s work on tribopolymerization, compounds 

that had previously exhibited unique anti-wear and/or anti-friction 

characteristics were initially used as additives for the first couple of 

tests. However, from the third test onwards, a unique, bold approach 

was used to solve the problem at hand. Herein, the monomers that 

were hitherto used as additives were used as the lubricant itself. The 

lubricant formulations used for each test and other pertinent details 

regarding each test are dealt with in the next chapter. 

 

 

 

 

 



48 

CHAPTER 4 
 

ENGINE TEST RESULTS  
 

A total of ten engine tests were conducted here at Virginia Tech 

in two separate phases. A further two series of tests were also 

conducted on the production line of Tecumseh�s small engine 

manufacturing plant in New Holstein, WI. In short, this dissertation is 

concerned with the results of four series of tests, conducted at 

different times and at two locations with one phase leading onto and 

influencing the succeeding one. Table 4.1 summarizes all the tests 

conducted so far. 

 

Table 4.1: Summary of All No-Oil Hot Tests Conducted 
 
Phase 

# 
 

Engine Model 
 

# Of 
Tests 

Conducted At 

1 TVS 115, VLV 55 & LEV 
115 

7 Virginia Tech 

2 TVS 115  16 Tecumseh�s Engine Mfg. 
plant 

3 LEV 115  
(Minimum bearing clearance 
engines) 

12 Tecumseh�s Engine Mfg. 
plant 

4 LEV 115 
(Minimum bearing clearance 
engines) 

3 Virginia Tech 

 
For phase 1, the procedure described in the previous chapter 

was followed. There were signs of scuffing/ scoring on important 

interfaces, primarily on the cylinder and on the C.R. - crank bearing on 
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some engines. This might have been caused during the hot tests 

conducted on them before they were actually shipped to Virginia Tech.  

Pre-test and post-test inspection were therefore essential to 

better comprehend the change in surface condition/appearance of 

engine components after the test. Though a note was made on the 

condition of the engine�s components in the respective test report, 

photographs of critical interfaces as well as measurements of cams and 

the connecting rod bushing half complemented this effort.   A protocol 

was therefore developed to note down important parameters of the 

engine like ease of starting the engine, engine speed and temperature 

during the duration of the test, wear of different engine components 

(cams, main bearings, connecting rod bearings etc.), visual 

appearance of piston and cylinder liner scuffing as well as particulars of 

the different lubricants / additives used. The results of the penultimate 

phase indicated the area / interface where efforts needed to be 

concentrated. As such, the protocol for phase 4 was pruned to include 

pertinent data only. 

 

4.1 PHASE 1 (Seven tests at Virginia Tech) 

This phase deals with the seven engine tests (# 4S-01 to 4S-07) 

that were conducted prior to the demonstration tests on the production 

line of Tecumseh�s small engine manufacturing facility. A description of 
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the lubricants used for each test, the observations and results obtained 

and their effect on the succeeding tests are presented. Averages of 

three readings of the cams (from the base to the tip of the nose) were 

taken prior to and after each test. The section dealing with the change 

in diameter of the cams takes into account these averages.  
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4.1.1 TEST # 4S � 01 
 

A multi-pronged approach was used on this first no-oil test 

conducted here at Virginia Tech. This involved mist lubrication in the 

crankcase by the use of a miniature Filter-Regulator-Lubricator, use of 

commercially available grease and engine oils with specially formulated 

additives for lubrication of critical interfaces and a 2% additive in the 

fuel. The engine was run for about 5 minutes and 40 seconds and 

stopped arbitrarily at our discretion. However, during disassembly of 

the engine it was found that seizure had occurred at the upper main 

bearing. Post-test measurements of the cams and the connecting rod 

bushing half could not be taken as the engine was sent to Tecumseh�s 

engine manufacturing plant immediately after disassembly.  

1. DETAILS OF LUBRICANTS / ADDITIVES USED: 
 

Interface Lubricant/Carrier Additives Remarks 
Piston - 
Cylinder 

SAE 30 Oil  
(Pennzoil) 

Monoester               1.0 % 
Caprolactam            0.2 % 

Additives 
added by mass 
to the carrier 

Connecting rod 
bearing, cams, 
cam shaft 
bearing 

Moly EP Grease  
(Unilube Industrial) 

Monoester               1.0 % 
Caprolactam            0.2 % 

Additives 
added by mass 
to the carrier 

Main bearings Lubriplate Grease Monoester               1.0 % 
Caprolactam            0.2 % 

Additives 
added by mass 
to the carrier 

Piston - 
Cylinder 

Gasoline Mineral Oil (Heavy)  1.5 % 
Diallyl Phthalate      0.2 %    
Monoester               0.2 % 
Caprolactam            0.1 % 

Fuel Additive. 
Additives 
added by mass 
to the carrier 

ALL Gasoline Monoester               1.0 % 
Diallyl Phthalate      0.2 %    

MIST 
Lubrication 
introduced into 
the crankcase 
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2.  ENGINE MODEL / POWER RATING: TVS 115 / 5 H. P. 
 
3.  TEST DURATION: 5 minutes 40 seconds 
 
4.  TESTING SPEED: 3000  rpm 
 
5.  MAX. TEMPERATURE: 104  C 
 
6.  NET CHANGE IN DIMENSIONS OF CAMS:   

 
Insufficient Data (Only pre-test dimensions were available) 

 
7.  CHANGE IN WEIGHT OF CONNECTING ROD BUSHING HALF: 
 

Insufficient Data (Only pre-test measurement value was available) 
 
8.  REMARKS 
 

Starting the engine was a problem. The backpressure created by 

the mist coming into the crankcase might have been a reason. In 

addition, as the mist essentially consisted of gasoline, it might also 

have had led to a change in the air/fuel ratio.  

Figures 4.1, 4.2 and 4.3 show the critical interface where seizure 

occurred. 
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Fig. 4.1 Upper Main Bearing (Crankcase) � Location of Seizure 
(Test 4S-01) 
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Fig. 4.2 Scuffing on Upper Main Bearing (Crankshaft) � 

Location of Seizure (Test 4S-01) 

 
Fig. 4.3 Scuffing on Upper Main Bearing (Crankshaft) � Location of 

Seizure (Test 4S-01) 
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4.1.2 TEST # 4S � 02 
 

The Oil-mist lubrication used in the first test was done away 

with. Lubriplate grease was also eliminated as seizure had occurred at 

the upper main bearing. Moly EP grease was used to lubricate the main 

bearings as well. Other entities remained the same. 

 
1. DETAILS OF LUBRICANTS / ADDITIVES USED: 

 
Interface Lubricant/Carrier Additives Remarks 
Piston - 
Cylinder 

SAE 30 Oil  
(Pennzoil) 

Monoester               1.0 % 
Caprolactam            0.2 % 

Additives 
added by mass 
to the carrier 

Main bearings, 
Connecting rod 
bearing, cams, 
cam shaft 
bearing 

Moly EP Grease  
(Unilube Industrial) 

Monoester               1.0 % 
Caprolactam            0.2 % 

Additives 
added by mass 
to the carrier 

Piston - 
Cylinder 

Gasoline Mineral Oil (Heavy)  1.5 % 
Diallyl Phthalate      0.2 %    
Monoester               0.2 % 
Caprolactam            0.1 % 

Fuel Additive. 
Additives 
added by mass 
to the carrier 

 
 
2.  ENGINE MODEL / POWER RATING: TVS 115 / 5 H. P. 

 
3.  TEST DURATION: 3 minutes 10 seconds 
 
4.  TESTING SPEED: 3000  rpm 
 
5.  MAX. TEMPERATURE: 67  C 
 
6.  NET CHANGE IN DIMENSIONS OF CAMS:   

 
Upper Cam:  - 0.00016 in. 
Lower Cam: 0.00000 in (No measurable wear) 

 
7.  CHANGE IN WEIGHT OF CONNECTING ROD BUSHING HALF:  - 

0.001 grams 
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8.  REMARKS 
 
The author was amazed by the impeccable condition of the engine 

parts. There were no signs of scuffing on any component. Figure 4.4 

shows the Moly EP grease thrown around in the crankcase. Note the 

discoloration on the two cams in figure 4.5, which was probably caused 

during a heat treatment process.  

 

 

 

 
Fig. 4.4 Moly EP Grease Strewn Around in the Crankcase (Test 4S-02) 
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Fig. 4.5 Discoloration on the Cams � Probably Caused by Heat-
Treatment (Test 4S-02) 
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4.1.3 TEST # 4S � 03 
 

A bold approach was used from this test onwards. It was the first 

time, since Dr. Furey began his work on tribopolymerization, that a 

monomer mixture was used in pure form to lubricate an interface. This 

unique concoction was used to lubricate all interfaces including that of 

the piston-cylinder. The standard SAE 30 oil was done away with. Moly 

EP grease was not used as the consultant from Triad believed that 

Tecumseh might have objections to its use, based on environmental 

restrictions to the use of the same*. 

 
1. DETAILS OF LUBRICANTS / ADDITIVES USED: 

 
Interface Lubricant/Carrier Composition/Additives Remarks 

ALL Monoester + 
Caprolactam  
Mixture 

Monoester               80 % 
Caprolactam            20 % 

 

Piston - 
Cylinder 

Gasoline Mineral Oil (Heavy)  1.5 % 
Diallyl Phthalate      0.2 %    
Monoester               0.2 % 
Caprolactam            0.1 % 

Fuel Additive. 
Additives 
added by mass 
to the carrier 

 
2. ENGINE MODEL / POWER RATING: TVS 115 / 4.5 H. P. 

 
3. TEST DURATION: 1 minute 00 seconds 
 
4. TESTING SPEED: 3000  rpm 
 
5. MAX. TEMPERATURE: 49 C 
 
6. NET CHANGE IN DIMENSIONS OF CAMS:   

 
Upper Cam:  - 0.002  in. 

  Lower Cam:    0.0006  in.  
 

7. CHANGE IN WEIGHT OF CONNECTING ROD BUSHING HALF: -  
0.0005 grams 
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8. REMARKS 

 
The viscosity of the Monoester - Caprolactam mixture that was 

used for pre-treatment hindered the free movement of the piston, 

even during assembly. No signs of scuffing could be seen on the cams, 

main bearings, C. R. bearing, etc. However, slight scuffing could be 

seen on the cylinder liner. Figures 4.6 and 4.7 show the connecting rod 

bushing before and after the test, respectively. Note that no wear is 

visible on this bushing half.  

 

 
 

Fig. 4.6 Connecting Rod Bushing � Before the test (Test 4S-03) 
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Fig. 4.7 Connecting Rod Bushing � After the test- (before cleaning -
Test 4S-03) 
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4.1.4 TEST # 4S � 04 
 

The solitary change from the preceding test was that of the fuel 

additive. The monoester - caprolactam mixture that was formulated for 

the earlier test was used for this purpose as well. The test was aborted 

midway based on the screeching sound and non-uniform rotation of 

the flywheel, which indicated possible impending seizure at the upper 

main bearing. Disassembly of the engine showed seizure at the 

connecting rod bearing interface. 

1. DETAILS OF LUBRICANTS / ADDITIVES USED: 
 

Interface Lubricant/Carrier Composition/Additives Remarks 
ALL Monoester + 

Caprolactam  
Mixture 

Monoester               80 % 
Caprolactam            20 % 

 

Piston - 
Cylinder 

Gasoline Monoester               1.6 % 
Caprolactam            0.4 % 

Fuel Additive. 
Additives 
added by mass 
to the carrier 

 
2. ENGINE MODEL / POWER RATING: TVS 115 / 4.5 H. P. 
 
3. NET CHANGE IN DIMENSIONS OF CAMS:   
 

Upper Cam:  - 0.0003 in. 
                    Lower Cam:    0.0000  in. (No measurable wear) 

 
4.  CHANGE IN WEIGHT OF CONNECTING ROD BUSHING HALF:  

 
 + 0.001grams*  

 
5.  TEST DURATION: 0 minute 40 seconds 
 
6.  TESTING SPEED: 3000  rpm 
 
7.  MAX. TEMPERATURE: 34 C 
 
                                                           
* positive (+) sign indicates net increase in weight 



62 

8.  REMARKS 
 

30-35 seconds after the engine was started a peculiar screeching 

sound was heard and the rotation of the flywheel appeared non-

uniform. The author believed that the engine was on the verge of 

seizure (probably at the upper main bearing). Hence, the engine was 

stopped and the test aborted immediately. Disassembly of the engine 

showed seizure at the connecting rod bearing interface. However, 

there was negligible scuffing at the other interfaces. From figures 4.8, 

4.9 and 4.10 depicting the condition of the connecting rod bushing half 

before and after the test, the scuffing on the connecting rod bushing 

half is evident.  

 
 

Fig. 4.8 Connecting Rod Bushing Half 1 � Before the test 
(Test 4S-04) 
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Fig. 4.9 Connecting Rod Bushing Half 2 � Before the test 
(Test 4S-04) 

 

 
Fig. 4.10 Connecting Rod Bushing Halves � After the test 

(Test 4S-04) 
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4.1.5 TEST # 4S � 05 
 

The 80-20 mixture of monoester and caprolactam that was 

formulated and used for the previous tests was now mixed with Mobil�s 

high viscosity mineral oil (650N). This mixture was used as the 

lubricant for all interfaces as well as an additive (2%) in the fuel. 

1. DETAILS OF LUBRICANTS / ADDITIVES USED: 
 

Interface Lubricant/Carrier Composition/Additives Remarks 
ALL Mixture of 

Monoester, 
Caprolactam  and 
Mobil�s high 
viscosity mineral oil 

Monoester                40 % 
Caprolactam            10 % 
High Viscosity Mineral  
Oil (Mobil 650N)       50 % 

 

Piston - 
Cylinder 

Gasoline Monoester               0.8 % 
Caprolactam            0.2 % 
High Viscosity Mineral  
Oil (650 N)              1.0 % 

Fuel Additive. 
Additives 
added by mass 
to the carrier 

 
2.  ENGINE MODEL / POWER RATING: TVS 115 / 4.5 H. P. 
 
3.  TEST DURATION: 1 minute 00 seconds 
 
4.  TESTING SPEED: 3000  rpm 
 
5.  MAX. TEMPERATURE: 46 C 
 
6.  NET CHANGE IN DIMENSIONS OF CAMS:  

Upper Cam:  - 0.00017  in 
Lower Cam:    0.0000.  in ( Not measurable wear) 

  
7.  CHANGE IN WEIGHT OF CONNECTING ROD BUSHING HALF: - 

0.0030 grams 
 
8.  REMARKS 
 

The exhaust gases appeared darker than before. Scuffing was 

observed on the connecting rod bushing halves and the lower main 

bearing. The exhaust valve, duct, muffler interior and the (muffler) 
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shoulder screws were coated with black soot-like deposits. Such 

deposits were found on the cylinder also but to a lesser extent. It can 

be seen from figure 4.11 that there was scuffing on the connecting rod 

crank bearings even before the test was conducted. Comparing this 

figure with figure 4.12, taken after the test, it is evident that there was 

very little if not no scuffing of the interface due to the hot test.   

 

 

Fig. 4.11 Connecting Rod Bushing Halves � Before the test 
(Test 4S-05) 
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Fig. 4.12 Connecting Rod Bushing Halves � After the test 
(Test 4S-05) 
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4.1.6 TEST # 4S � 06 
 

The exhaust deposits in the cylinder and in the exhaust manifold 

(on the previous engine test) indicated that the cause for the same 

could be the presence of a high molecular weight oil (Mobil�s high 

viscosity oil). As such, this oil was eliminated in this test. The �80-20� 

mixture of monoester and caprolactam acted as the lubricant for all 

interfaces. The fuel additive (2%) now contained Mobil�s medium 

viscosity mineral oil (300N) instead of its high viscosity counterpart. 

The tests were conducted on a bigger, robust engine series: the 

VLV 55. The surface area of the bearing interfaces was greater, as 

such, comparatively more amount of lubricant was used for pre-

treatment of this engine�s components.  

1. DETAILS OF LUBRICANTS / ADDITIVES USED: 

Interface Lubricant/Carrier Composition/Additives Remarks 
ALL Monoester + 

Caprolactam  Mixture 
Monoester                   80 % 
Caprolactam                20 %  

 

Piston - 
Cylinder 

Gasoline Monoester                  0.8 % 
Caprolactam               0.2 % 
Medium Visc. Mineral  
Oil(300N)                   1.0 % 

Fuel 
Additive. 
Additives 
added by 
mass to the 
carrier 

 
2. ENGINE MODEL / POWER RATING: VLV 55 / 5.5 H. P. 
 
3. TEST DURATION: 1 minute 00 seconds 
 
4. TESTING SPEED: 3500  rpm 
 
5. MAX. TEMPERATURE: 48 C 
 
6. NET CHANGE IN DIMENSIONS OF CAMS:   
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Upper Cam:  - 0.0005 in 
Lower Cam: - 0.0005 in 
 

7. CHANGE IN WEIGHT OF CONNECTING ROD BUSHING HALF: - 0.005 
grams 

 
8. REMARKS 
 

Scuffing was observed on the connecting rod bushing halves. It 

appeared as if seizure would have had occurred at the connecting rod 

bearing interface, had the engine run for a further half minute. All 

other interfaces were in very good condition. Figures 4.13, 4.14, 4.15 

and 4.16 show the scuffing and material transfer that took place at the 

connecting rod � crank bearing interface. 

 
 

Fig. 4.13.Connecting Rod � Crank Bearing � Before the test 
(Test 4S-06) 

 
 
 
 



69 

 
 

Fig. 4.14 Connecting Rod � Crank Bearing � After the test 
(Test 4S-06) 
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Fig. 4.15 Connecting Rod Bushing Halves � Before the test 

(Test 4S-06) 

 
 

Fig. 4.16 Connecting Rod Bushing Halves � After the test 
(Test 4S-06) 
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4.1.7 TEST # 4S � 07 
 

A final shot had to be taken on the engine tests before a 

demonstration could be made the following week at Tecumseh�s engine 

manufacturing facility. At this time, it was clear that there were no 

environmental restrictions to the use of Moly EP grease. Moreover, the 

mixture of Moly EP grease and special additives showed the best anti-

wear and anti-scuffing properties amongst the tests conducted thus 

far. As such, this formulation was used to pre-treat the connecting rod 

bearing interface (which was the critical interface in the author�s 

opinion). The medium viscosity mineral oil (Mobil 300N) was added to 

the monoester - caprolactam mixture, for pretreatment of the piston-

cylinder interface. The results of this test matched the best results 

(test # 4S-02) attained so far. 

1. DETAILS OF LUBRICANTS / ADDITIVES USED: 
Interface Lubricant/Carrier Composition/Additives Remarks 

Main 
bearings, 
cams, cam 
shaft 
bearings 

Monoester + 
Caprolactam  Mixture 

Monoester                   80 % 
Caprolactam                20 %  

 

Connecting 
rod 
bearings 

Moly EP grease Monoester                  0.8 % 
Caprolactam               0.2 % 

Additives 
added by 
mass to the 
carrier 

Piston - 
Cylinder 

Monoester + 
Caprolactam + 
Medium Viscosity 
Mineral Oil Mixture 

Monoester                  40 % 
Caprolactam               10 % 
Medium Visc. Mineral  
Oil(300N)                   50 % 

 

Piston - 
Cylinder 

Gasoline Monoester                  0.8 % 
Caprolactam               0.2 % 
Medium Visc. Mineral  
Oil(300N)                   1.0 % 

Fuel 
Additive. 
Additives 
added by 
mass to the 
carrier 
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2.  ENGINE MODEL / POWER RATING: VLV 55 / 5.5 H. P. 
 
3.  TEST DURATION: 1 minute 00 seconds 
 
4.  TESTING SPEED: 3000  rpm (approximate) 
 
5.  MAX. TEMPERATURE: 44 C 
 
6.  NET CHANGE IN DIMENSIONS OF CAMS:   

Upper Cam:  - 0.00067 in 
Lower Cam: - 0.0001 in 
 

7.  CHANGE IN WEIGHT OF CONNECTING ROD BUSHING HALF: 0.00 
grams 

 
8.  REMARKS 
 

Engine speed could not be read on the universal counter due to a 

possible malfunctioning of the latter or perhaps the snapping of a wire 

joint between the proximity probe and the latter. No traces of scuffing 

could be seen on any interface. All the pertinent components were in 

excellent condition. Figures 4.17 and 4.18 show the condition of the 

connecting rod � crank interface before and after the test. 
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Fig. 4.17 Connecting Rod Bushing Halves � Before the test 

(Test 4S-07) 
 

 
 

Fig. 4.18 Connecting Rod Bushing Halves � After the test 
(Test 4S-07) 
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4.2 PHASE 2: Tests on typical four-stroke engines on the 

production line 

 

Sixteen no-oil hot tests were conducted on typical four-stroke 

engines, at the Engine Manufacturing Division of Tecumseh Products 

Company, in New Holstein, Wisconsin on July 18, 1997. The 

specification of the engine and the details of the test procedure and 

results are given below.  

 
4.2.1 Specifications of the 4-S Engine Model Used for the 

Tests  
 

ENGINE MODEL TVS 115 
Power 5 HP 
Displacement (in3) 11.32 
Stroke (in) 1.844 
Bore (in) 2.795-2.796 
Piston Diameter (in) 2.790-2.791 
Crank Shaft Mag. Main Brg. Dia (in) 0.9985 � 0.9990 
Crank Shaft P.T.O Main Brg. Dia (in) 0.9985 � 0.9990 
Conn. Rod Dia � Crank Bearing (in) 0.8620 � 0.8625 
Cam Shaft Bearing (in) 0.4975 � 0.4980 
Recommended Oil SAE 30 (below 32oF-5W30) 
Capacity (engine oil) 630 ml 

 
 
4.2.2 Pre-Treatment 
 

(A) Current Procedure: The pretreatment of the different engine 

components is carried out on the production line just before the 

particular component is actually used in the engine assembly. The 

engine bore is sprayed with special oil and the piston / piston rings are 

coated before it is assembled in the cylinder. The entire camshaft is 
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inserted in a container of EP oil and the cam shaft bearing and the 

recess in the camshaft are treated by the same EP oil. In addition to 

the above, approximately 630 ml of SAE 30 oil is filled into the 

crankcase. This oil is sucked out after the completion of the �hot test�. 

However, about 75 ml of this oil remains in the crankcase when the 

engine is shipped out. 

(B)  Our Procedure: The crankshaft main bearings and the connecting 

rod bearing were pretreated with specific compositions which have 

been designated as �Tribolubes�; these are described in Table 4.2. The 

engine bore and piston / piston rings were coated with Tribolube 229 

and the cams and cam shaft bearing were pretreated with Tribolube 

129. The pretreatment was done using a brush or a stick, where 

necessary. The approximate amount of Tribolube used at each 

interface is given in the Table 4.3. Different bearing areas on the 

crankshaft are shown in figure 4.19. 

Table 4.2: Composition of Tribolubes 
 

Tribolube 
# 

Composition 

129 Monoester 80%, Caprolactam 20% 
229 Base oil (300N) 50%, Monoester 40%, Caprolactam 10% 
329 Base oil (300N) 50%, Monoester 40%, Caprolactam 10% 
429 Moly EP Grease + (Monoester 0.8%, Caprolactam 0.2 %) 
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4.2.3 Amount of Lubricant Used per Engine 
 
 

Table 4.3: Amount of Lubricant used per Engine 
 
                                                 Engines 1-12 
 
TRIBOLUBE # INTERFACE AMOUNT (grams) 

approx. 
129 Main bearings, Cams, Cam shaft 

bearing 
2 

229 Cylinder, Piston-Piston rings 3 
429 Connecting rod bearing 1 
 
 
                                                                       Engines 13-14 
 

TRIBOLUBE # INTERFACE AMOUNT (grams)  
approx 

129 Cams, Cam shaft bearing 0.5 
429 Main bearings, Connecting rod bearing 2 
229 Cylinder, Piston-Piston rings 3 
 
                                                                       Engines 15-16 
 

TRIBOLUBE # INTERFACE AMOUNT (grams)  
approx 

129 Main bearings, Connecting rod 
bearing, Cams, Cam shaft bearing 

2.5 

229 Cylinder, Piston-Piston rings 3 
 
TRIBOLUBE # 329 Fuel Additive @ 2% concentration  -- 15.52 grams/liter. 
 
Note: The amount of lubricant used at different interfaces given in the table pertains 

to TVS 115 engine. Engines with higher HP would require greater quantities of the 

same. 
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A -  Crank Shaft Main Bearing (Upper) 
B -  Connecting Rod � Crank Bearing 
C � Crank Shaft Main Bearing (lower) 
 

Figure 4.19: Illustration of Bearings on a Crankshaft 
 

The average calculated film thickness for the bearing regions A, 

B, C was found to be 0.023, 0.022 and 0.022 inches (0.55 mm), 

respectively. 

 

4.2.4 Test Procedure 

After the engine is assembled, it moves towards the end of the 

production line where the test run is conducted. At this point the 

shroud does not contain the starter housing. The engine is clamped on 

to the test stand and is loaded by means of a belt going around a 

clamp mounted on the flywheel bowl. The testing procedure consists of 

two cycles. The engine is run until the speed touches 3500 rpm; when 

the speed is adjusted to 1900 rpm the engine is stopped. It is then run 

again till it reaches the same upper limit and when the speed is once 

again adjusted to 1900 it is finally stopped. The time taken to 
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complete this test run varies from one engine model to another as well 

as by the HP rating. Each of the sixteen engines was run 

approximately for 40- 60 seconds. 

It should be mentioned that ten of the sixteen engines were run 

using an additive in the fuel. A separate gasoline tank was used to 

store and supply this fuel (with additive) to these 10 pre-selected 

engines. This is mentioned in Table 4.4. 

 

Disassembly and Inspection 

After completion of the sixteen tests, the engines were 

dismantled and placed in separate boxes for inspection. The engine 

parts were cleaned using alcohol and photographs were taken of the 

different interfaces viz. main bearings, Connecting Rod (C.R)- crank 

bearing, piston, C.R bushing halves, cylinder etc. The condition of the 

engine components and interfaces of the engines was most impressive. 

Minor scoring on the C.R bushing halves of engine #s 3,5 and 8 was 

the only aspect that came even close to causing concern. A summary 

of the post-test condition of engine components, of the sixteen tests, is 

presented in Table 4.4. 
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Table 4.4: Condition of Engine Components � Phase 2 
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General Observations 

Some additional comments here are warranted. First of all, the 

main bearings�one of the critical regions, were all in excellent 

condition. Second, there was no problem with the piston ring / cylinder 

region; this area was also excellent. Third, the camshaft / follower 

components showed absolutely no signs of wear. This is particularly 

interesting since the region was known to have problems even when 

full lubrication was used. Again, there was slight scoring on three of 

the sixteen aluminum alloy connecting rod bushings but not on the 

corresponding ductile iron, connecting rod -crank bearing. Based on 

these tests, it also appears that the fuel additive package was not 

necessary for wear control. However, under more severe conditions or 

for longer duration tests, it could provide benefits.  

In six separate engine tests with a commercial, conventional 

engine pretreatment lubricant, all six engines failed in the �hot -run� 

test due to excessive metal transfer and seizure at the connecting rod 

bearing area. 

These engine tests prove that the pre-treatment used not only 

provided excellent and most impressive results on the production line, 

but also demonstrated the superiority of this compositions/method 

over conventional approaches whether compared to previous practice 

or other pre-treatments. 
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4.3 PHASE 3: Engine Tests on Minimum Clearance Bearing 

Engines 

The highly impressive anti-wear performance of the Tribolubes, 

during the demonstration tests on the sixteen typical four-stroke 

engines, led to their being used on another series of tests - on twelve 

minimum bearing clearance engines. Based on the observations 

discussed in section 3.1.6 the fuel additive was done away with. 

Tribolubes 129 and 229 were chosen for these tests. A summary of 

these results, based on the information received from Tecumseh 

Engine Products, is presented below.  

Table 4.5: Summary of Phase 3 Results for Twelve Minimum Bearing 
Clearance Engines 

 
ENGINE 
MODEL 

PRETREATMENT RUN 
TIME 

CONDITION OF ENGINE COMPONENTS 

 
 
 
 
LEV 115 
 
 
 

 
 
 
Tribolube # 129: 
Connecting rod and 
main bearings, 
camshaft bearings, 
and cams. 
 
 
 
 
 
Tribolube # 229: 
Cylinder bore, 
piston rings,  

 
 
 
 
34 
sec. 

General:  
Black deposits on all bearings. � Typical 
aluminum bearing distress, lube turns black, this 
wipes off�. 
 
R. bearing:  
Three engines seized at this interface during the 
second cycle. Aluminum transfer seen on these 
crankshafts. Slight (but acceptable) scuffing on 
three other bearings. 
 
Main bearings:  
Slight (but acceptable) scuffing on one cylinder 
main bearing. 
Slight (but acceptable) scuffing on one flange 
main bearing. All others were good. 
 
Piston-Cylinder:  
All engines were in good condition at this 
interface. (Black polishing was seen at high 
spots). 
 
Cams- cam shaft bearing: Good condition. No 
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black deposits were observed on these 
components. 

 
It was also mentioned, in the correspondence from Tecumseh 

Engine Products Company that barring the seizure of three engines at 

the connecting rod bearing interface all other bearing and wear 

surfaces were acceptable.  

These tests proved that the critical area was the crankshaft-

connecting rod bearing interface. Moreover, as the condition of all 

other interfaces was acceptable, it was imperative that all efforts be 

concentrated on solving the problem of scuffing / seizure at the 

connecting rod interface, for successful implementation of this process 

on the production line. 

 
 
4.4 PHASE 4 (Final three tests at Virginia Tech on Minimum bearing 

clearance engines) 
 

This phase is concerned with three tests conducted on minimum 

bearing clearance engines, considering the outcome of the earlier 

phases. The outcome of phases 2 and 3 proved that the critical 

interface where the problem of scuffing / seizure had to be solved was 

the connecting rod - crank bearing interface. Moreover, prior to the 

conduction of this phase of tests, several lubricants / lubricant 

formulations were evaluated on the T-11 Pin-on-disk machine 

(discussed in Chapter 5). 
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The results of the first three test phases and the Pin-on-disk 

tests determined the approach taken in this crucial phase (4). The 

composition of the lubricants used at all interfaces, save the 

connecting rod - crank bearing interface, were the same as in phase 3.  

A reaction product of monoethanolamine with dimer acid 

exhibited superlative anti-wear and anti-friction properties in the pin-

on-disk tests. This reaction product was used as the lubricant (i.e. 

100% of the reaction product, by itself) for the critical connecting rod - 

crank bearing interface in one of the ensuing engine tests. A 

combination of this reaction product and the 80-20 monoester-

caprolactam mixture (in equal parts) formed the lubricant for this 

critical interface, in yet another engine test. The dimensions of the 

cams were not measured (as in phase 1) for these tests, as the wear 

of the cam-cam lifter region had not given any cause for concern. 
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4.4.1 TEST # 4S � 08 
 

The single change from the lubricants used in phase 3 was the 

replacement of 80-20 mixture of monoester and caprolactam 

(Tribolube #129) at the connecting rod - crank bearing, with the 

reaction product of monoethanolamine and C36 dimer acid.  

1. DETAILS OF LUBRICANTS / ADDITIVES USED: 
 

Interface Lubricant Composition Remarks 
Main Bearings, 
Cams, Cam 
Shaft bearings 

Monoester, 
Caprolactam 
mixture 

Monoester                       80 % 
Caprolactam                    20 % 

 

Connecting rod 
- crank bearing 
interface 

Reaction product of 
Monoethanolamine 
and Dimer acid.   

  

Piston - 
Cylinder 

Monoester + 
Caprolactam + 
Medium Viscosity 
Mineral Oil Mixture 

Monoester                       40 % 
Caprolactam                    10 % 
Base Oil  
(300N)                            50 % 

 

 
2.  ENGINE MODEL / POWER RATING: LEV 115 / 5.0 H. P. 
 
3.  TEST DURATION: 1 minute 00 seconds 
 
4.  TESTING SPEED: 3100 - 3300 rpm 
 
5.  MAX. TEMPERATURE: 47 C 
 

 
6.  REMARKS 
 

Although the engine ran smoothly, starting the engine was a big 

problem. The very adhesive nature of the reaction product could have 

caused this. Furthermore, the inherent tackiness of the lubricant (used 

at the connecting rod - crank bearing) might have had hindered free 

movement at this interface.  
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All interfaces were in excellent condition and no less than that of 

the best results obtained so far. Black deposits were observed on the 

upper main bearing. 
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4.4.2 TEST # 4S � 09 

The lubricant used at the connecting rod - crank bearing 

interface in the previous test was modified with the addition of 50%, 

by weight, of the 80-20 mixture of monoester and caprolactam to the 

reaction product of monoethanolamine and C36 dimer acid. This was 

done to decrease the viscosity and adhesiveness of the reaction 

product that probably hindered easy starting of the engine in the 

previous test.   

 
1. DETAILS OF LUBRICANTS / ADDITIVES USED: 

 
Interface Lubricant Composition Remarks 
Main Bearings, 
Cams, Cam 
Shaft bearings 

Monoester, 
Caprolactam 
mixture 

Monoester                       80 % 
Caprolactam                    20 % 

 

Connecting rod 
- crank bearing 
interface 

Reaction product of 
Monoethanolamine 
and Dimer acid + 
Monoester - 
Caprolactam (80-
20) mixture.   

Reaction product of 
Monoethanolamine and  
Dimer acid                      50 % 
Monoester                       40 % 
Caprolactam                    10 % 

 

Piston - 
Cylinder 

Monoester + 
Caprolactam + 
Medium Viscosity 
Mineral Oil Mixture 

Monoester                       40 % 
Caprolactam                    10 % 
Base Oil  
(300N)                            50 % 

 

 
2.  ENGINE MODEL / POWER RATING: LEV 115 / 5.0 H. P. 
 
3.  TEST DURATION: 1 minute 00 seconds  
 
4.  TESTING SPEED: 3100 - 3300 rpm 
 
5.  MAX. TEMPERATURE: 52 C 

 
6.  REMARKS 
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The engine started on the second trial, which was remarkable. 

Scuffing was noticed on the upper main bearing. Condition of all other 

interfaces was impressive. Black deposits were noticed on the upper 

main bearing.  
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4.4.3 TEST # 4S � 10 

The use of a Moly EP Grease as a component of the lubricant in 

two tests in the first phase yielded the best results. Its use on the 

production line in phase 2, however, met with two objections. The 

shop floor personnel were concerned that their current semi-automatic 

equipment, which could only pre-coat less viscous oils, could not apply 

grease. Moreover, the grease that lubricated the connecting rod - 

crank bearing was sprayed on all components in the crankcase by the 

end of the test. These strewn, dark, black deposits appeared as if they 

were the results of some malfunction and could cause undue concern 

to the consumer, should the engine be opened for some reason. An 

attempt was made to extract the positive effects of Moly EP grease�s 

presence in a lubricant while working around the above problems. As 

such, it was decided to use the same as a solute instead of the solvent. 

A technical fine grade powder was selected and when added (at 5%) to 

the Monoester-Caprolactam  (80-20) mixture the lubricant thus 

formulated resembled a liquid than grease, thus enabling its 

application by the semi-automatic equipment prevalent on the shop 

floor. 
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1. DETAILS OF LUBRICANTS / ADDITIVES USED: 
 

Interface Lubricant Composition Remarks 
Main Bearings, 
Cams, Cam 
Shaft bearings 

Monoester, 
Caprolactam 
mixture 

Monoester                       80 % 
Caprolactam                    20 % 

 

Connecting rod 
- crank bearing 
interface 

Molysulfide powder 
(Climax) + 
Monoester - 
Caprolactam  (80-
20) mixture.   

Monoester                       76 % 
Caprolactam                    19 % 
Molysulfide powder           05 % 

 

Piston - 
Cylinder 

Monoester + 
Caprolactam + 
Medium Viscosity 
Mineral Oil Mixture 

Monoester                       40 % 
Caprolactam                    10 % 
Base Oil  
(300N)                            50 % 

 

 
2. ENGINE MODEL / POWER RATING: LEV 115 / 5.0 H. P. 
 
3. TEST DURATION: 1 minute 00 seconds  
 
4. TESTING SPEED: 3100 - 3300 rpm 
 
5. MAX. TEMPERATURE: 50 C 
 
6. REMARKS 

 

Condition of all interfaces was impressive. Black deposits were 

noticed on the upper main bearing.  
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�In subsequent engine tests carried out at the Tecumseh Engine 

plant in Dunlap, Tennessee, two sets of twelve tests each were 

conducted on consecutive days using engines selected for "minimum 

clearance". The pre-treatment compositions used were modifications of 

the original caprolactam/monoester combination, developed on the 

basis of laboratory engine tests conducted at Virginia Tech.  The 

results showed that all 24 engines were in excellent condition after the 

"hot-run" tests although the Dunlap plant test set-up was apparently 

more severe than the one used in New Holstein, Wisconsin� [24].  

 

 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 


