SECTION M2
The Source for Critical Information and Insight™ ELEVENTH EDITION 2008
METRIC CONVERSION OF UNITS

(ALSO SEE SECTION 5, PARAGRAPH 5-16 FOR CONVERSION TABLES.)
M2.1 SCOPE.

M2.1.1 Purpose. This SECTION portrays the methods of converting the quantities of various systems of
American measurement to the International System of Units (SI) and from the SI units to American units.

M2.2 APPLICABLE DOCUMENTS. Note: DoD Policy Memo 05-3 “Elimination of Waivers to Cite Military
Specifications and Standards in Solicitation and Contracts” has eliminated the need for waivers to use
MIL-SPECS and MIL-STDS on DoD contracts. (See PREFACE 1, Section 2)

FED-STD-376 Preferred Metric Units for Use by the Federal Government

ISO 1000 S| Units and Recommendations for the Use of their Multiples and of Certain Other Units
NIST SP 330  The International System of Units (Sl)

ASTM SI 10 Standard for Metric Practice (X-Ref: IEEE Sl 10)

M2.3 DEFINITIONS. Not Applicable
M2.4 CONVERSION OF LINEAR UNITS.

M2.4.1 Converting Inch To Millimeter. One inch equals 25.4 millimeters, exactly. Therefore, to convert any
inch dimension to a millimeter dimension multiply the inch dimension by 25.4.

M2.4.2 Converting Millimeter To Inch. To convert a millimeter dimension to an inch dimension exactly, divide
the millimeter dimension by 25.4.

M2.5 CONVERSION OF EXPLICIT TOLERANCES.
M2.5.1 Methods Of Tolerance Conversion. Two methods of tolerance conversion are presented:
M2.5.1.1 Method A. Rounds to values nearest to the limits of the tolerance. Proceed as follows:

a. For each dimension, calculate the maximum and minimum limits.

b. Convert the corresponding inch values into millimeter values, as directed in PARAGRAPH M2.4.1.

c. The use of the conversion factor (1" = 25.4 mm) generally produces converted values containing
more decimal places than are required for the desired degree of accuracy. Therefore, the converted
valves must be rounded to a practical degree of accuracy, as shown in Table M2-1.

M2.5.1.2 Method B. Rounds each limit toward the interior of the tolerance zone. Proceed as in Method A,

steps "a" and "b". Then round each converted value toward the interior of the tolerance zone. See TABLE M2-
1. Also see SECTION 5, PARAGRAPH 5.4.3.4 for rounding.

TOTAL TOLERANCE ROUND THE MILLIMETERS
IN INCHES CONVERSION TO:

More than .4 Whole millimeter 1

4 to .04 1 decimal place 0.1

.04 to .004 2 decimal places 0.01

.004 to .0004 3 decimal places 0.001

.0004 to .00004 4 decimal places 0.0001

ROUNDING OFF TOLERANCE ON CONVERSION INCH TO METRIC
TABLE M2-1
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M2.6 CONVERSION OF TEMPERATURE UNITS.
M2.6.1 Sl Unit Of Temperature. The Sl unit of temperature is the kelvin. (Ref. PARAGRAPH M1.3.5.)

M2.6.2 Other Kelvin Identifications. Kelvin temperature is also called "absolute temperature" and
"thermodynamic temperature". No conversion is required between values bearing these designations.

M2.6.3 Kelvin And Celsius Comparison Of Increments. Kelvin units and Celsius degrees are equal
temperature increments, but the kelvin temperature scale and the Celsius temperature scale differ in the
location of their zeros. See TABLE 2M-2.

M2.6.3.1 Kelvin To Celsius Conversion Factor. Subtract 273.15 from kelvin temperature (from "absolute
temperature” or "thermodynamic temperature") to get Celsius temperature.

M2.6.3.2 Celsius To Kelvin Conversion Factor. Add 273.15 to Celsius temperature to get kelvin
temperature. See TABLE M2-2.

CONDITION THERMODYNAMIC CELSIUS
TEMPERATURE TEMPERATURE
Water boils 373.15K 100 °C
Body temperature 310.15K 37 °C
Triple point of water 273.16 K 0.01°C
Celsius Zero 273.15K 0.00 °C
Absolute Zero 0.00K -273.15°C

CELSIUS TO KELVIN CONVERSION TABLE
TABLE M2-2

NOTES:
1. As laboratory techniques improved, it was observed that the triple point of pure water was not
0.00 °C but was actually 0.01 °C. Therefore, you will see absolute zero as being 273.15 °C
below Celsius zero, and as being 273.16 °C below the triple point of pure water.

2. There must be a space placed between the temperature value and the symbol, °C as noted
below:
i.e. 100 °C

M2.6.4 Kelvin Versus Rankine Size Of Degree. The kelvin and the Rankine temperature scales share the
same zero point (absolute zero) but the magnitude of their units (or degrees) differs. The kelvin unit is 1.8 times
larger than the Rankine degree.

M2.6.4.1 Rankine To kelvin Conversion Factor. To change Rankine temperature to kelvin temperature,
divide the Rankine temperature by 1.8. The quotient is kelvin units.

e.g.Rankine to kelvin

kelvin = Rankine  —-273.15
1.8
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M2.6.4.2 Rankine To Celsius Conversion Factor. To change Rankine temperature to Celsius temperature,
divide the Rankine temperature by 1.8 From this quotient, subtract 273.15 to get degrees Celsius.

e.g.Rankine to Celsius

Celsius = Rankine - 273.15
1.8

M2.6.5 Celsius To Kelvin Conversion Factor. Although it is proper to say, "degree Celsius" it is incorrect to
speak of kelvin degrees. Kelvin temperature is referred to as "zero kelvin, or 240 kelvin, or 380.95 kelvin" etc.
To change degrees Celsius to kelvin temperature, add 273.15 to degrees Celsius.
e.g. Celsius to kelvin
kelvin = Celsius + 273.15
M2.6.6 Kelvin Versus Fahrenheit Size Of Degree. The kelvin and Fahrenheit temperature scales differ in
their zero points and in the size of their degrees. The kelvin unit is 1.8 times larger than the Fahrenheit degree,

and their zeros are 255.37 kelvin apart.

M2.6.7 Fahrenheit To Kelvin Conversion Factor. To change Fahrenheit temperature to kelvin, add 459.67 to
the Fahrenheit temperature and divide that sum by 1.8. The quotient is in kelvin units.

e.g. Fahrenheit to kelvin

kelvin = (Fahrenheit + 459.67)
1.8

M2.6.8 Fahrenheit To Degrees Celsius Conversion Factor. To change Fahrenheit temperature to degrees
Celsius, subtract 32 from the Fahrenheit temperature, and divide that difference by 1.8. The quotient is in
degrees Celsius.

e.g.Fahrenheit to Celsius

Celsius = (Fahrenheit - 32)
1.8
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M2.6.8.1 Temperature Scale Equations. Chart No. M2-1 equates values of Fahrenheit, Celsius, kelvin and
Rankine scales.

KELVIN CELSIUS FAHRENHEIT RANKINE
SCALE SCALE SCALE SCALE
K °C oF °R
N N N )
WATER 373.15 100 212
BOILS 671.67
BODY
310.15 37 98.6 )
TEMPERATURE 558.27
COMFORTABLE
ROOM TEMPERATURE 295.15 22 72 531.27
WATER 273.15 0 32 491.67
FREEZES
0° Fahrenheit 255.37 17.78 0 459.67
Celsius & Fah-

renheit Scales 233.15 -40 -40 41967

Equate at -40 °C

— ABSOLUTE ~273.15 -459.67 0
ZERO
scientific use common use
Kelvin &
Rankine Scales
Equate at Abso-
lute Zero- RELATIVE SIZE OF DEGREES
—5 kelvin —5 Celsius ——9 Fahrenheit ——9 Rankine
0
RELATIVE TEMPERATURES

CHART NO. M2-1
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CHART NO. M2-2

M2.7 Frequently Used Conversions. A partial list of measurements more frequently used are listed in Table
M2-3. See ASTM SI 10 for additional listings.

TO CONVERT
MEASUREMENT
FROM TO MULTIPLY BY
Acceleration foot/second? (ft/sz) m/s2 0.304 8
meters/ second? (m/sz) m/s2 ft/s2 3.2808
acre m?2 4046.86
foot? (ft2) m2 0.092 903
hectare (ha) m2 10 000.
Area inch? (in2) m? 0.000 645 16
meter? (m2) mile? m?2 2 589 988.
acre ha 0.404 7
ha acre 2.471
m? ft2 10.763 92
m?2 in2 1550.003
kilogram-force meter (kgfm) Nm 9.806 650
Bending Moment ounce-force-inch (oz fin) Nm 0.007 062
or Torque pound-force-inch (Ib fin) Nm 1.129 848
newton meter (Nm) pound-force-foot (Ib fft) Nm 1.355 818
Nm Ib fft 0.737 562
British thermal unit (Btu) J 1 055.056
Energy calorie (cal) J 4.186 8
(work) foot-pound-force (Ib f) J 1.355 818
joule (J) kilowatt-hour (kWhr) J 3600 000.
watt-hour (Whr) J 3 600.
watt-second (Ws) J 1.000
dyne N 0.000 01
kilogram-force (kgf) N 9.806 650
Force kilopond N 9.806 650
newton (N) ounce-force (ozf) N 0.278 014
pound force (Ib f) N 4.448 222
N kof 0.101 972
N Ib f 0.224 809
foot (ft) m 0.304 8
inch (in) m 0.025 400
Length mile (U.S. statute) (mi) m 1609.344
meter (m) m ft 3.280 84
mm in 0.039 37
km mi 0.621 371
ounce-mass (0zm) kg 0.028 349 52
Mass pound-mass (Ib m) kg 0.453 592 4
kilogram (kg) ton (long, 2240 Ib m) kg 1016.047
ton (short) 2000 Ib m) kg 907.184 7
kg b m 2.204 6
Mass/Volume pound-mass/ foot3 (Ib m/ft3) kg/m3 16.018 46
or Density pound-mass/inch3 (Ib m/in3) kg/m3 27 679.90
kilogram/meter3 (kg/m3) kg/m3 Ib m/it3 0.062 428

FREQUENTLY USED CONVERSIONS

TABLE M2-3 (Continued on next page)

M2-6
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M2.7 (Continued)

TO CONVERT
MEASUREMENT
FROM TO MULTIPLY BY
Btu per hour (Btu/hr) w 0.293 071
Power foot-pound-force/second * w 1.355 82
watt (W) horsepower (550 ft Ib f/s) w 745.699 9
W Btu hr 341214
W *(ftlb f/s) ftlb f/s 0.737 56
kilogram-force/centimeter2 Pa 98 066.50
(kgflcm?)
kiIogram-force/meter2 Pa 9.806 650
Pressure (kgf/m2)
or Stress kiIogram-force/miIIimeter2 Pa 9 806 650.
Force/Area = Pascal(Pa) (kgf—force/mmz)
pound-force foot? .(Ib f/ft2) Pa 47.880 26
pound-force finch? (psi) Pa 6 894.757
Mpa kgf/mm? 0.101 972
Mpa psi 145.037 745
degree Celsius (°C) K tK =1C+273.15
degree Fahrenheit (°F) K tK=(tF+459.67)/1.8
Temperature degree Fahrenheit (°F) °C tC=(tF-32)/1.8
Kelvin (K) K °C tC=tK-273.15
°C °F tF=(1.8) tC+32)
K °F tF=1.8 (tK-273.15)+32
foot/second (ft/s) m/s 0.304 8
Velocity or Kilometer hour (km/h) m/s 0.277 778
or Speed mile/hour (mph) m/s 0.447 040
meters/second mile/hour (mph) km/h 1.609 3
m/s ft/s 3.280 8
kph mph 0.6214
foot3 (ft3) m3 0.028 316 8
Gallon (U.S. liquid) (gal) m3 0.003 785 412
inch3 (in3) mS3 0.000 016 387
Volume liter (L) mS3 0.001 000
meterS (m3) yard3 (yd3) m3 0.764 555
liter (L) qt 1.056 688
m?3 yd3 1.307 951
quart (U.S. liquid) (qt) | 0.946 353
gal | 3.785 412
Volume/Time foot3 /minute (ft3 /min) m3/s 0.000 47
meter’ /second (m°/s) foot3 /minute (ft3 /s) m3/s 0.028 317
m3 /s t3/s 35.314 475

FREQUENTLY USED CONVERSIONS

TABLE M2-3 (Continued from previous page)

M2-7
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