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U.S. CUSTOMS AND BORDER PROTECTION

LABORATORY METHODS
CBPL 87-01

Determination of Displacement of

Reciprocating Internal Combustion Engines
SAFETY STATEMENT
This CBPL Method cannot fully address safety issues that may arise from its use.  The analyst is responsible for assessing potential safety issues associated with a given method at its point of use.

Before using this method, the analyst will consider all general laboratory safety precautions.  In particular, the analyst will identify and implement suitable health and safety measures and will comply with all pertinent regulations.
METHOD UNCERTAINTY
The uncertainty of measurement for this method is specific to each laboratory.

0.

INTRODUCTION
NOTE:  This method was developed jointly by CBP/LSS and the Air Enforcement Division of the U.S. Environmental Protection Agency.

0.1

This method describes the procedure for determining the engine displacement in cubic centimeters (cm3) of reciprocating internal combustion engines.  It covers dimensional measurement, calculation, and reporting of the piston-swept volume of such engines.

Engine displacement is an important physical property that affects the power output, size, and weight of an engine and its suitability for use in various equipment or vehicles.

0.2

Government agencies regulate equipment based on engine displacement.  For example, US EPA regulations at 40 CFR 86.419-78, divide motorcycles into separate classes based on engine displacement.
1.

SCOPE AND FIELD OF 




APPLICATION
1.1

This method is utilized for determining the engine displacement of reciprocating internal combustion engines, such as motorcycle and scooter engines classified in Chapter 87 of the Harmonized Tariff Schedule of the United States (HTSUS), subheadings 8711.10 through 8711.50.

2.

REFERENCES
2.1

40 CFR 86.419-78.  “Engine Displacement, Motorcycle Classes.”

2.2

ASTM E 29.  “Standard Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications.”

3

APPARATUS
3.1

Calipers, bore gages, and/or telescoping gages having a range of at least 0-150 mm or other device suitable for measuring the diameter (bore) of a reciprocating internal combustion engine cylinder.

3.2

Calipers, depth gages and/or telescoping gages or other suitable devices for measuring the stroke of reciprocating internal combustion engines.

3.3

A set of gage blocks or end gages suitable for verifying the accuracy of the calipers, bore gages, and/or depth gages.

3.4

Various hand tools required to gain access to the engine cylinder and flywheel.  Typically, a 1/4" and 3/8" socket set, Phillips and flathead screwdrivers, combination wrenches, and Allen wrenches.  Both standard and metric tools may be required.

3.5

Camera for recording the appearance, model numbers, VIN, serial numbers of the engine, and any other pertinent information.

4.

DEFINITIONS
4.1

Reciprocating Internal Combustion Engine:  Two-stroke, four-stroke, and diesel engines that run on a hydrocarbon fuel.

4.2

Engine Displacement:  The piston swept volume of an internal combustion engine calculated using the bore and stroke values determined according to this method.  For regulatory compliance purposes, EPA will round the calculated displacement to the nearest whole cubic centimeter, in accordance with (2.2).

4.3 

Cylinder Bore:  The bore value or average diameter of the cylinder within the area traveled by the piston.

4.4

Cylinder Stroke:  The stroke value or average length of travel of a piston in a cylinder from the point closest to the crankshaft (bottom dead center or BDC) to the point farthest from the crankshaft (top dead center or TDC) in the engine cylinder.

5.

PRELIMINARY






DOCUMENTATION
5.1.

EPA staff and contract inspectors, as well as independent contractors, are to use the Engine Displacement Data Sheet, Appendix A, to record documentary and generated data.

5.2

Examine measurement instruments for visible damage and note the date on the calibration label affixed to the instrument or case.  Damaged instruments or instruments that have not been calibrated by an accredited calibration laboratory should not be used.

5.3.

Prior to use, verify the accuracy of all measuring devices using certified gage blocks.  EPA staff and contract inspectors, as well as independent contractors, are to use the currently calibrated standards (gauging blocks or end measuring rods) to determine that the test instruments measure within 0.05mm of the standards.

6.

PROCEDURE
6.1

The cylinder volume swept by the piston is calculated from the measured bore and stroke values using the standard mensuration formula for cylinders.  The volume of each cylinder on multi-cylinder engines is measured and added together for a total volume.  Engine displacement is equivalent to the total displacement volume calculated when rounded to the nearest whole cubic centimeter, in accordance with (2.2).

7.

PREPARATION
7.1

Dimensional measurements are to be performed using certified measurement tools and recorded in SI units, unless otherwise noted.

7.2

This method requires some disassembly of the engine, and some cases may require drilling a hole through the head to facilitate measuring the stroke of the engine.

7.3

Photograph the pertinent markings on the shipping carton (e.g., model number, VIN, engine number, frame engine, engine displacement, etc).

7.4

Remove the carton and photograph the motor scooter or motorcycle, its engine, and any pertinent markings.

8.

ENGINE DISASSEMBLY
8.1

Perform disassembly necessary to gain clear access to the cylinder of the engine and the engine flywheel.  This may involve removal of various pieces of shrouding or flaring, covers, brackets, and other components.

8.2

Determine whether the engine cylinder has a head that can be separated from the cylinder.  If it does not, remove the spark plug and determine whether the measurement instrument can be inserted through the spark plug hole in order to measure the stroke in an axis parallel to the motion of the piston.  If this is possible, the stroke will be measured through the spark plug hole.  If it is not possible to measure the stroke of the engine through the spark plug hole, it may be necessary to drill a hole through the cylinder head so that a measuring device can be used to measure the stroke of the engine.

8.3

For engines in which the head can be separated from the cylinder, remove the engine head and gasket from the cylinder.  If the engine has an overhead camshaft, the camshaft assembly must be removed.  It is useful to secure the camshaft chain above the engine block with a twist tie or wire so that it does not fall into the crankcase and interfere with the rotation of the crankshaft.

8.4

Remove the flywheel cover.  This will allow the engine crankshaft to be turned by hand and facilitate accurate stroke measurement.

9.

STROKE MEASUREMENT:



ENGINE WITH REMOVABLE



HEAD
9.1

Measure the stroke of the engine using the slide of a caliper, a depth gage, or other suitable measuring device.  To measure the stroke, rotate the engine crankshaft by hand until the piston is at the lowest point of travel in the cylinder.

9.2

Insert the measuring device into the cylinder until it just touches the piston.  Slightly rotate the crankshaft in both directions to ensure the piston is at the bottom of its travel in the cylinder.  The measuring device should be flat against the wall of the cylinder and perpendicular to the face of the piston.  Measure the distance from the piston to the top of the cylinder wall.  Record the measurement to the resolution allowed by the device.

9.3

Rotate the crankshaft until the piston reaches the highest point of travel.  Slightly rotate the crankshaft back and forth to ensure the piston is at the top of its travel in the cylinder.  Measure the distance from the face of the piston to the top of the cylinder wall ensuring that the measuring device is flat against the cylinder wall and perpendicular to the crankshaft.  Record the measurement.  The stroke is the difference between the bottom measurement and the top measurement.  Make four stroke measurements at 90-degree intervals around the cylinder wall.  NOTE:  In order to minimize measurement error, ensure that the orientation of the measurement device and the position of the device on the top of the piston remain identical at the BDC and TDC measurement points.

10.

STROKE MEASUREMENT:



ENGINE WITH ONE PIECE



CYLINDER/HEAD ASSEMBLY

10.1

If the measurement instrument can be inserted through the spark plug hole in order to measure the stroke in an axis parallel to the motion of the piston, insert the measuring device into the spark plug hole and, if necessary, expand the device until it touches the piston top.

10.2

Rotate the crankshaft back and forth to ensure the cylinder is at its lowest point of travel.  The measuring device should be flat against the edge of the spark plug hole and perpendicular to the face of the piston.  Measure the distance from the piston to the top of the spark plug hole.  Record the measurement to the resolution allowed by the measuring device.

10.3

Rotate the crankshaft until the piston reaches the highest point of travel.  Slightly rotate the crankshaft back and forth to ensure the piston is at the top of its travel in the cylinder.  Measure the distance from the piston to the top of the spark plug hole.  Record the measurement.  The stroke is the difference between the bottom measurement and the top measurement.  Make four stroke measurements in this manner with the purpose of assuring an accurate and precise measurement of the piston travel in the cylinder.

11.

STROKE MEASUREMENT:



ENGINE WITH ONE-PIECE



CYLINDER HEAD ASSEMBLY


AND WITH OFFSET SPARK



PLUG HOLE

11.1

If the spark plug hole is at an angle such that it is not possible to insert a measuring device through the spark plug hole in order to measure the stroke in an axis parallel to the motion of the piston, it may be necessary to drill a hole in the top of the cylinder head to provide access for measuring the engine stroke.  If necessary, remove the head/cylinder assembly prior to drilling the access hole.  Drill a hole through the top of the head/cylinder assembly.  The hole must be of sufficient diameter to accommodate the depth gage probe or other measuring device.  If it was necessary to remove the head/cylinder  assembly in order to drill the hole, reassemble the engine by attaching the head/cylinder unit back onto the engine block.  Measure the stroke as described in Section 8 using the drilled hole instead of the spark plug hole.

12.

BORE MEASUREMENT
12.1

Measure the bore of the cylinder using a caliper, bore gage, telescoping gage or other device suitable for measuring the diameter of the cylinder.  If there is clear access to the cylinder for measuring, the bore measurements may be made without removing the cylinder from the engine.  If clear access for measuring is not available, the cylinder may be removed from the engine to make bore measurements.  If the engine head is an integral part of the cylinder measurement of the bore must be done from the bottom or crankcase side of the cylinder.

12.2

Rotate the crankshaft until the piston is at the lowest point of travel in the cylinder.  Make four measurements at 45-degree intervals around the cylinder.  If using calipers directly to measure the bore, care must be taken to ensure that measurements are directly across the center of the cylinder and that the inside measuring knife-edges of the caliper are parallel to the axis of the cylinder.  If using a bore gage or a telescoping gage to measure the bore insert the device approximately 0.5 inch into the cylinder from the top edge of the cylinder.  Allow the measuring device to "center" in the cylinder.  If using a bore gage, record measurement to the resolution allowed by the device.  If using a telescoping gage, lock the gage, extract it from the cylinder, and measure the distance between the spherical ground points of the gage with a caliper or other suitable device.  Record the measurement to the resolution allowed by the device.  Make four measurements at 45-degree intervals.  If the cylinder has an integral head and the bore must be measured from the bottom of the cylinder, it may not be possible to make measurements at 90-degree intervals if a caliper is used.  In this case, make four measurements at appropriate intervals.

13.

ENGINES WITH MULTIPLE



CYLINDERS
13.1

For multiple cylinder engines, repeat steps described in Sections 7 through 11 for each individual cylinder.

14.

DISASSEMBLED PARTS
14.1

Disassembled parts should be placed in a plastic bag and placed in the shipping container.  Unless otherwise directed by EPA management, there should be no attempt to reassemble the sample (e.g., motorcycle, scooter, etc).

15.

CALCULATIONS

15.1

Calculate the bore value of each cylinder by averaging the individual bore measurements obtained within each cylinder.  Record the average bore value to the same level of precision as the individual bore measurements.

15.2

Calculate the stroke value of each cylinder by averaging the individual stroke measurements obtained within each cylinder.  Record the average stroke value to the same level of precision as the individual stroke measurements.

15.3

Calculate engine displacement in cubic centimeters using the formula:
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This formula can be expressed more simply as:
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Where:


D = Engine Displacement (cm3)


B = Average Bore Value (mm)


S = Average Stroke Value (mm)


N = Number of Cylinders
16.

REPORTING

16.1

Report calculated engine displacement to two decimal places in the worksheet (Appendix A).

END

	APPENDIX A:  Motorcycle Inspection Worksheet (page 1 of 2)

	Date:
	

	Importer Entry #:
	

	Facility Name/Address:
	

	Name:
	(Where item was identified, inspected, or detained)

	Address:
	

	City/State/Zip:
	

	Point of Contact:
	

	Title:
	

	Telephone:
	

	Fax:
	

	Facility Type:
	

	

	Major Items

	Make:
	
	Model:
	
	Description:
	

	

	Year:
	
	VIN/Serial No:
	
	Price:
	

	

	EPA Label?
	Yes
	No
	DOT VIN plate?
	Yes
	No
	Other labels/plates?
	

	

	Headlights?
	Yes
	No
	Stop/tail light?
	Yes
	No
	Advertised:
	On-road
	Off-road
	Neither

	

	Turn Signals?
	Yes
	No
	Mirrors?
	Yes
	No
	Horn?
	Yes
	No
	Speed (source):
	

	

	Engine

	Make:
	
	No. of Cylinders:
	2-stroke
	4-stroke
	Cylinder/Head:
	1-piece
	2-piece

	

	Serial #
	
	Stated Displacement:
	
	Bore:
	
	Stroke:
	

	

	Measuring Instruments

	Bore
	
	Cal Date:
	
	Stroke
	
	Cal Date:
	

	

	Make:
	
	Model:
	
	Make:
	
	Model:
	

	Visual check: okay/damaged
	Standard check: good/out of range
	Visual check: okay/damaged
	Standard check: good/out of range

	

	Cylinder Measurements (mm)

	
	Bore
	
	Stroke
	BDC
	
	TDC
	
	Stroke
	

	Reading 1
	
	
	
	Reading 1
	
	-
	
	=
	
	

	Reading 2
	
	
	
	Reading 2
	
	-
	
	=
	
	

	Reading 3
	
	
	
	Reading 3
	
	-
	
	=
	
	

	Reading 4
	
	
	
	Reading 4
	
	-
	
	=
	
	

	Average bore value (B, two decimal places):
	
	mm
	Average stroke value (S, two decimal places):
	
	mm

	Calculated Displacement (D) = (B)2 x S x 0.0007854

D = (two decimal places):
	
	cm3

	(Formula for single cylinder engine, add each cyl. for multi-cylinder engines) Engine Displacement (nearest integer)
	
	cm3

	Comments
	

	

	

	

	Inspectors
	Print Name:
	
	
	

	
	Signature:
	
	
	


	APPENDIX A:  Motorcycle Inspection Worksheet (page 2 of 2)

	Motorcycle/Major Items

	
	Manufacturer:
	
	
	Point of Contact:
	

	
	Address:
	
	
	Title:
	

	
	
	
	
	Telephone No.
	

	
	City/State/Zip:
	
	
	Fax No.
	

	

	Engine

	
	Manufacturer 1:
	
	
	Point of Contact:
	

	
	Address:
	
	
	Title:
	

	
	
	
	
	Telephone No.
	

	
	City/State/Zip:
	
	
	Fax No.
	

	

	
	Manufacturer 1:
	
	
	Point of Contact:
	

	
	Address:
	
	
	Title:
	

	
	
	
	
	Telephone No.
	

	
	City/State/Zip:
	
	
	Fax No.
	

	

	Additional Comments:
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