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RULES FOR SAE USE OF SI (METRIC) UNITS—
SAE J916 MAY85

SAE Recommended Practice

Report of the Publication Policy Committee, approved June 1965, sixth revision, Publications Advisory Committee, May 1985,

1. Introduction—In the spring of 1969 the SAE Board of Directors
issued a statement that “SAE will include SI' units in SAE Standards
and other technical reports.” Much investigation has attended the determi-

¢ newton and joule.

2.3 Recognized Derived Units of SI with Special Names

¢ parentheses.?

not formal SI units.

Quantity Unit (symbol) Formula
¢ nation of units of measure, since measurement practice all over the world bsorbed d G K
is to some degree in a state of transition. Engineering use of measurement 2 sorbe fose di lid —Eray ( Y)l B Jl/ 8 -
units in nearly every metric country of the world, and in all of those gtllV}ly (of a radionuclide) ——decqueré I( 3q) oC /5. e
¢ nations adopting metric units, is changing from the noncoherent technical de sius lqueralure - .egree_' Se sius (°C) /k
¢ metric units, such as kilogram-force and calorie, to the SI units, such as ose equivalent —sievert’ (Sv) J/kg ¢
electric capacitance —farad (F) c/v
This document establishes the rules for the use of SI units in SAE e:ec”!c Fo(ri\duc[ance —;1emensH(S) C\’/t}//A
reports, including specifications and standards. It must be remembered eleclr!c m uct:lmlcfi.ﬂ. - elnr)’v( ) W/A
¢ that a technical committee may produce its reports in any units it deems electrgc potential dii. _V(;][ ( A) V/A
¢ proper for the users—U. S. inch-pound, SI, or other metric. However, electric res'sktance —-° 'l“ ( N-
if the units used do not conform to the Units Approved for SAE Use Fnergy, wor —joule (J) N K 'm/ 2
¢ (see paragraph 2), they must be followed by approved Sl units in ror:‘em . _Ei“.,:o?u(q)) lgs'ms_sl
X ) — .
Throughout this documgnt, SI is-intended to include recognized SI ;llur.mnancﬂe :ux (lx)l lrg./m
units as established by the ipternational General Conference on Weights I::Ig‘:::s ﬂ::;: _:;EZ? ((v;ng) ;.ssr
3 - X —
¢ and Measures,® (CGPM) and a limited number of other units that are magnetic flux density —tesla (T) Wh/m?
¢ These other units are alfo included in ASTM E 380, “‘Standard for power —IwaHt (le), -ll\l/j "
Metric Practice,” in ANSI/JIEEE 268, “Metric Practice,” in “The Metric pressure ofr sltres§ ) -—-pasn;a (ba)C) A-m
System of Measurement” ifsued by the Secretary of Commerce in the quanuty of electricity +coulomb ( §
26 Feb 1982 Federal Regikter, in NBS SP-330, “International System See ASTM E 380 or IEEE ‘268 for a more complete description. &

of Units,” and in ISO 1000] the worldwide document for use by all ISO*
committees.
¢ This document will be updated as often as necessary to keep the use
¢ of SI units in SAE reports ih harmony with the units adopted for United

2.4 Other Units that May be Used with SI

Quantity

Unit (symbol)

States and world use.
2. Units Approved for SA
the Board of Directors’ di

E Use—All SAE documents produced under
ective to “include SI units” must utilize as

plane angle
time
mass
area

—degree (°) (decimal divi
—minute (min), hour (h),
—metric ton (t)
—hectare (ha)

applicable:
2.1 Base Units of SI

¢ Quantity Unit (symbol)
length —meter® (m)
mass —kilogram (kg)
time —second (s)
electric current —ampere (A)
thermodynamic|temperature —kelvin (K)
amount of subsfance —mole (mol)

luminous intendity —candela_(cd)

2.2 Supplementary Units of SI

Unit (symbol)

—radian’ (rad)
—stéradian (sr)

Quanfity
plane angle
spherical angle

! SI—The International Systefn of Unils (Systéme International) officially abbrevi-
ated ““SI" in all languages—thel modern‘mietric system.

¢ ?Where standards are develdped for both inch-pound and SI components, they

should be cross-referenced. Sufh dual standards need not include metric or inch

sound pressure level —decibel (dB)
volume —litert (L)®
navigation velocity ~ —knot (kn)?

distance —nautical mile (nmi)?

ions preferred)
day (d), week, and year

© 60

When these units are used, they need not be followed by SI units

unless it suits the purpose of the document.
The liter which the General Conference estab

ished as a special name

for the cubic decimeter, is approved for SAE use¢, and the only prefixed ¢

use allowed is mL.
In the case of time, committees are urged to

multiples, but the units given above are permittgd

The unit metric ton (exactly 1 Mg) is in wide u
to commercial description of vehicle mass, or fre
is permiued.

The unit hectare (exactly 1 hm?) is restricted
measurement.

8In 1976 the International Committee on Weights an
that “degree Celsius™ is a special name to be used in
Celsius temperature. For formula see Section 8.

use the second and its

e but should be limited
ght mass, and no prefix

to land and water area

 Measures (CIPM) decided ¢
lace of “kelvin” to express

cquivalents.,
¢ 3 CGPM Resoluiions and Recommendations are published in NBS Special Publica-
tion 330, “The International System of Units (SI).”
¢ ¢ The International Organization for Standardization.
¢ 3 Spclling ‘with “*re” is also used.

The ¢ symbol is for the convenience of the user in locating areas where
technical revisions have been made to the previous issue of the report.
If the symbol is next to the report title, it indicates a complete revision
of the report. '

TApproved by CGPM mn T979.
pPp y

®In 1979 the CGPM approved the symbol “L" for liter and it is recommended ¢
for North American use. The alternative symbol “I" will also be used during a

transition period.
9 Abbreviation, not a symbol.

S
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2.5 Other derived units that are formed from those units and derived
units indicated above are also acceptable. For example, the SI unit designa-
tion for clectric field strength is V/m; however, it is also expressed in
terms of base units as kg-m/(s®-A) or kg-m-s73-A~1. Likewise, torque
and bending moment (N'm) may also be expressed as kg-m?/s? or
kg -m?-s72,

3. Units Not Approved for Use as SI—Gravimetric force units, such as
kilogram-force, or kilogram-force per square millimeter, which have been
common in some countries, must not be used in SAE reports. Similarly,
calorie, bar, angstrom, and dyne are not SI units and are not to be used.
However, as stated in Section 1, this restriction does not preclude use
of these units where a committee considers them to be the proper units
for the users of the report, and provided they are followed with approved
SI units in parentheses.

4. Multiplying Prefixes—Table 1 lists the prefixes to be used with SI
units, observing the rules given in Section 5.

5. Rules for Use of Units

5.1 Requirements of this document establish the use of SI units in
one of the following manners:

.1 As regular units.
11

or where tabular use requires the same unit in a series, even though
this means exceeding the preferred range of 0.1-1000.

5.3.5 The prefix becomes a part of the symbo! or name with no separa-
tion (meganewton, MN).

5.3.6 Errors in calculations can be minimized if all quantities are ex-
pressed in SI units, and prefixes are replaced by powers of 10.

5.3.7 With SI units of higher order, such as m? or m?, the prefix is
also raised to the same order; for example, 1 mm? 1s (1072 m)3 or
107° md. .

5.4 Symbols and Abbreviations

5.4.1 DisTiNcTioN—The distinction between unit symbols and unit ab-
breviations is not always recognized, particularly with certain U. S. inch-
pound units of measurement. The symbols for some U. S. units are also
abbreviations (ft, in, yd). In many cases the unit symbol and the abbrevia-

tion are not the same (such as unit symbol ft3/min and abbreviation cfm;’

unit symbol A and abbreviation amp; unit symbol in® and abbreviation
cu in). A positive distinction exists between unit symbols and unit abbrevi-
ations: the SI unit symbol designation is the same in all languages whereas
abbreviations are conventional representations of words or names in a
particular language; they may be different in different languages.
542U NF-SYMBOL-COMRO-SIFION ols are letters or groups

Unit-svm

5.1
5.1.2 As regular units fpHewed-by-otherunits—in—parentheses:
5.1.3 In parentheses fo
5.1.4 Under special cirg
rules. See Appendix B.
5.2 SI units must be| those shown in Appendix A or their decimal
multiples, except as coverled in paragraph 6.2. In case of need for other
¢ units the Publications Ad}isory Commitee of the SAE Technical Board
should be consulted. If upits for quantities not included in Appendix A
and not clearly covered by| paragraph 6.2 are required, the above commit-

lowing other units.
imstances itis permissible to deviate from these

tee should be contacted fpr guidance.

An apparent anomaly

(J = N-m) and the use g

are, however, entirely di
results from unit force m
is no implication of mo

the lever arm of unit leng

incorporated in the unit

¢ express work or energy i

¢ moment are expressed in
5.3 Use of Prefixes

¢ 5.3.1 Use of prefixes re|
¢ of 3 is recommended. In
such as units of area an
and any listed prefix may|

5.3.2 Compound prefiy

5.3.3 In general, prefi

should be avoided excep
a base unit of SI, use of]

guidance.)

5.3.4 When expressing

prefixes should preferab

between 0.1 and 1000. TH
and units have been agred

exists in the use of the joule for work
f N-m for torque or bending moment. These
ferent units. In the former, the unit of work
ving through unit distance. In the latter, there
ement, and unit force acts at right angles to
th. This would be readily seen if vectors were
kymbols. For these reasons, it is important to
joules. Moment of force, torque and bending
newton meters, not joules.

bresenting 10 raised to a power that is a multiple
he case of prefixed units that carry exponents,
| volume, this may not be practical, however,
be used.

es, such as mitli-micro, are never used.

kes in the denominator of a compound unit
L for established usage. (Since the kilogram is
kg in the denominator is not contrary to this

a quantity by a numénaal value and a unit,
y be chosen so tha( thé numerical value lies
1s is, of course, notitrue where certain multiples
d to for particularuse, such as kPa for pressure,

of letters predominantly from the English al[;habet representing the units

in which physical quantities are measured,(mfor

meter, W-h for watthour).

Non-English alphabet unit symbols are/{§}) fqr ohm, (°) for the plane
angle degree or used with the Celsius(°C) tgmperature scale, and ()

for the prefix micro. All umt symbols are pr
type. .

5.4.3 Unit SymBoL STyLE}EUnit symbols
lower case letters. If, howeVer,'the symbol is de
it or the first letter (where more than one) is
Wh, Pa). An exceptiontg'the above permits the
the unit liter becadse of the confusion that can
case unit symbol (I)»and the number one (1).

The letter{sityl€ must be followed for SI u
even in applications where all other lettering is
cal drawings). The only exception allowed is f
displays with limited character sets. For symbg
limitéd/character sets, refer to ANSI X3.50 o1
for limited character sets must never be used wi
set permits the use of the proper symbols as g

5.4.4 QUANTITY SyMBoLs—Quantity symbols
unit symbols. Quantity symbols are single lettet
tude of physical quantities (I for electric currer
tron). The established symbol must always be
F—force, m—mass, M—moment of force).

Quantity symbols are single letters of the E
and are printed in italic (slanting) type.

5.4.5 ABBREVIATIONs—Abbreviations are shd
phrases formed in various ways that have beer
(ANSIY1.1). They are generally letters from th
except where the abbreviation is taken from
number, 1b for pound). Abbreviations are never
matical operation sign is involved, unless the
symbol.

5.4.6 SymBoLizZED CoMPOUND (DERIVED) |
rived) units constitute a mathematical expressio
include the solidus (/), it must not be repeate]
In complicated cases, negative powers or par
For example, write: m/s? or m-s"? bu

nted in roman (upright)

ire, in general, shown as
ived from a proper name,
an upper case letter (Hz,
pper case (L) to represent
occur between the lower

nit symbols and prefixes
ipper case (such as techni-
r computer and machine
s for use in systems with
ISO 2955. The symbols
en the available character
iven herein.

must not be confused with
s representing the magni-
t, e for charge of an elec-
naintained (f—frequency,

nglish or Greek alphabet,

rtened forms of words or
accepted and established
e word being abbreviated,
hnother language (no for
to be used when a mathe-
abbreviation is also the

UNiTs'*—Compound  (de-
n. Where compound units
d in the same expression.
entheses should be used.
not m/s/s; or write

¢ TIABLE 1—SI-UNIT PREFIXES
Multiples and Submultiples Prefixes Symbols Pronunciations (USA)'°

1018 eXT 14 —ex‘otousimroboot}

101 peta P . pet’a (e as in pet, o
as in about

102 tera T . as in terra firma

10° giga G .jig’a (i asinjig, a as
in obout)

106 mego ) . . os in mega phone

108 kilo k . kill’oh

102 hecto h . heck’toe

10! deka da . deck’a (a as in about)

107! deci d . as in decimal

1072 centi c . os in centipede

103 milli m . as in military

10-¢ micro i . as in micro phone

1079 nano n . . nan’oh (an as in ant)

10-12 pico ] . peek’oh

10~ femto f . fem’toe (fem as in fem-
inine)

10718 atto a . os in anafamy

kg m/(s3-A) or kg-m-s~>-A7T but not kg'm/s

/A.

5.4.7 PLuraL—The form of symbols and abbreviations is the same for

singular or plural (1 in, 10 in, 15, 27 s).

5.4.8 Periods are not used after symbols or abbreviations. The same
abbreviation is used for related noun, verb, adverb, etc. (inclusion, include,

inclusive are all abbreviated incl). When these

rules would cause confu-

sion, spelt out the word. Words of four letters or less are not abbreviated.
5.4.9 When writing a quantity, a space should be left between the nu-

merical value and a unit symbol—for example,

write 35 mm, not 35mm.

An exception occurs when the symbols for degree of plane angle or degree
Celsius are used, in which case the space is omitted (25°C).

11 Handling of Unit Names—Names of units are never capitalized except a1 the

19 The first syllable of every prefix is accented to assure that the prefix will retain
its identity. Therefore, the preferred pronunciation of kilometer places the accem
on the first syllable, not the second.

beginning of sentences or in titles. (Modifiers used in unit names are capitalized
if proper names; for example, degrec Fahrenheit.) Compound unit names are formed
with a space for product and the word “per” for quotient. Prefixes become part
of the word: ampere (A), milliampere (mA), ampere second (A ‘s), meter per second
(m/s).

$
$

¢

¢

$

$
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TABLE 2—ABBREVIATIONS AND SYMBOLS FOR UNITS OTHER THAN $I

Unit Name Symbol Abbreviation Unit Name Symbol Abbreviation
brake horsepower bhp inch pound-—force in* Ibf
Brinell hordness number Bhn kilocycle ke
British thermal unit Bty kilogram—force kgf
colorie cal mile mi
candlepower <p mile per hour mi/h mph
cubic foot per minute 3/ min ’ cfm minute (angle) ! min
cubic foot per second ft3/3 cfs ounce oz
cycle per minute ¢/min cpm ounce—force ozf
cycle per second /s cps part per gallon PPY
cycle c ) pint pt
degree Fahrenheit °F pound b
degree Rankine °R poundal pdl
dram dr pound—force Ibf
foot ft paund—force per
footcandle fe square inch Ibf/in? psi
foot per minute ft/min pound—force per
foot per second ft/s square inch absolute psio
foot pound—farce ft- Ibf pound—force per
friction horsepower thp square inch gage psig
goallon gol quart qt
gallon per minute gal/min gpm revolution per mmute r/min pm
gallon per d gl aps revalution pas /s Ps
horsepower hp Saybolt universal second SUS
inch in
inch of mercury in Hg second (angle) 4 sec
inch of water in H:O yard yd

5.5 Miscellaneous

5.5.1 With nominal size§ that are not measurements but are names

for items, no conversion should be made: for example, 1/4-20 UNC
thread, 1 in pipe, 2 x 4 lumber.

5.5.2 The decimal markqr used by SAE is the dot on the line (.) for
quantities in either U. S. cystomary or SI units.

To facilitate the reading|of numbers having five or more digits, the
digits should be placed in groups of three separated by a space instead
of a comma, counting both to the left and to the right of the decimal
point. In the case of four digits, the spacing is optional. This style also
avoids confusion caused byl the use elsewhere of the comma to express
the decimal marker.

For example, use:

1 532 or 15B2 instead of 1,532
132 541 816 instead of 132,541,816
983 769.788 16 instead of 983,769.78816

5.5.3 Surface roughness ¢xpressed in microinches should be converted
¢ 10 micrometers (um); the tgrm “micron’ shall not be used.

5.5.4 Linear dimensions pn engineering drawings related to'SAE com-
mittee documentation will qustomarily be given in millimet€rs regardless
of length.

6. General

6.1 Mass, Force, and Weight

¢ 6.1.1 The principal departure of SI from the- gravimetric system of

metric engineering units iy the use of explicitly.distinct units for mass
and force. In SI, the nam¢ kilogram is restricted to the unit of mass,
and the kilogram-force (from which the stffix force was in practice often
erroneously dropped) shoyld not be @sed. In its place the SI unit of
force, the newton (N) ts us¢d. Likewise,“the newton rather than the kilo-
gram-force is used to form derived/units which include force, for example,
pressure or stress (N/mj = (Pa){ energy (N'm = J), and power
(N-m/s = W),

6.1.2 Considerable confilsion ¢ 3
quantity to mean either force or mass. In commercnal and everyday use,
the term weight nearly always means mass; thus, when one speaks of a
person’s weight, the quantity referred to is mass. This nontechnical use
of the term weight in everyday life will probably persist. In science and
technology, the term weight of a body has usually meant the force that, if
applied to the body, would give it an acceleration equal to the local acceler-
ation of free fall. The adjective ‘‘local” in the phrase “‘local acceleration
of free fall” has usually meant a location on the surface of the earth; in
this context the “local acceleration of free fall” has the symbol g (com-
monly referred to as “acceleration of gravity”). Values of g differing by
over 0.5% at various points on the earth’s surface have been observed.'?
The use of force of gravity (mass times acceleration of gravity) instead of
weight with this meaning is recommended. Because of the dual use of

13 The value of g = 9.806 650 m/s? was confirmed in 1913 by the CGPM. This
value will be used on earth whenever it is determined that the local differing value
may be disregarded.

the term weight, care should be taken to assure thpt the intended meaning
is clear.

6.2 Many units for rates,are not shown in Appendix A, but should
be derived from approved units. For example, the proper unit for nass
per unit time is kg/s.

6.3 Expressionssthat’can be stated as a ratig of the same unit, such
as 0.006 inch per-inch, should be changed to 3 designation of a ratio
such as 0.006: I~y Where an expression might bg shown in two different
units one of which is a multiple of the other, r¢duce the expression to
a common unit and show it as a ratio. Example| 1.50 in per ft = 0.125
ft per ft. Express as a ratio 0.125:1.

6.471t has been mternationally recommended that pressure units
themiselves should not be modified to indicate whether the pressure is
absolite (that is, above zero) or gage (that is, above¢ atmospheric pressure).
Ify therefore, the context leaves any doubt as to which is meant, the word
pressure must be qualified appropriately.

For example:

. at a gage of 200 kPa" or
. at an absolute pressure of 95 kPa’ or
. reached an absolute pressure of 95 kPa,” etc

7. Conversion Techniques—Conversion of quaptities between systems
of units involves careful determination of the number of significant digits
to be retained. To convert “‘1 quart of oil”” to {10.9463529 liter of oil”
is, of course, nonsense because the intended acquracy of the value does
not warrant expressing the conversion in this faghion.

This section provides information to be used ¢s a guide in the conver-
sion of quantities specified in SAE Standards. Ip certain circumstances,
reasons may exist for using other guidance. For[example, in the case of
interchangeable dimensions on engineering drawings, a more specific ap-
proachis outlined in SAE J390, Dual Dimensioning, although the methods
given here will usually produce the same results

All conversions, (o be logxcally estabhshed

t depend upon an in-
5 : her implied by a specific
tolerance, or by the nature of the quanuly The first step in conversion
is to establish this precision.

7.1 Precision of a Value—It is absolutely necessary to determine
the intended precision of a value before converting.

The intended precision of a value should relate to the number of signifi-
cant digits shown. The implied precision is plus or minus one-half unit
of the last significant digit in which the value is stated. This is true because
it may be assumed to have been rounded from a greater number of digits,
and one-half unit of the last significant digit retained is the limit of error
resulting from rounding. For example, the number 2.14 may have been
rounded from any number between 2.135 and 2.145. Whether rounded
or not, a quantity should always be expressed with this implication of
precision in mind. For instance, 2.14 in implies a precision of *+0.005
in, since the last significant digit is in units of 0.01 in.

Two problems interfere with this, however:

(a) Quantities may be expressed in digits which are not intended
to be significant. The dimension 1.1875 in may be a very precise one
in which the digit in the fourth place is significant, or it may in some
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cases be an cxact decimalization of a rough dimension 1% in, in which
case the dimension is given with too many decimal places relative (o its
intended precision.

(b) Quantities may be expressed omitting significant zeros. The di-
mension 2 in may mean ‘‘about 2 in,”’ or it may, in fact, mean a very
precise expression which should be written 2.0000 in. In the latter case,
while the added zeros are not significant in establishing the value, they
are very significant in expressing the proper intended precision.

Therefore, it is necessary to delermine an approximate implied preci-
sion before couverting. This can usually be done by using knowledge
of the circumstances or information on the accuracy of measuring equip-
ment.

If accuracy of measurement is known, this will provide a convenient
lower limit to the precision of the dimension, and in some cases may
be the only basis for establishing it. The implied precision should never
be smaller than the accuracy of measurement.

A tolerance on a dimension will give a good indication of the intended
precision, although the precision will, of course, be much smaller than
the tolerance. A dimension of 1.635 % 0.003 in obviously is intended
to be quite precise, and the precision implied by the number of significant

digits is correct (£0.0005

in, toral 0.001 in). A dimension of 4.625 *+

0.125 in is obviously a different matter. The use of thousandths of an
inch 1o express a tolerancefof 0.25 in is probably the result of decimaliza-

tion of fractions, and the

expression is probably better written 4.62 +

0.12, with an implied predision of £0.005 (total implied precision 0.01
in). The circumstances, however, should be examined and judgment ap-

plied.

A rule of thumb often Helpful for determining implied precision of a
toleranced value is to assume it is one-tenth of the tolerance. Since the
implied precision of the cqnverted value should be no greater than that
of the original, the total tblerance should be divided by [0, converted,

and the proper significan

digits retained in both the converted value

and converted tolerance sukh that total implied precision is not reduced—

that is, such that the last

kignificant digit retained is in units no larger

than one-tenth the converfed total tolerance.

EXAMPLE: 200 £ 15 p

i. Tolerance is 30 psi, divided by 10 is 3 psi,

converted is about 20.7 kP4. The value (200 psi) converted is 1 378.9514 =
103.421 355 kPa which shiould be rounded to units of 10 kPa, since 10

kPa is the largest unit smpller than one-tenth the converted tolerance.
The conversion should be[ 1380 == 100 kPa.

EXAMPLE: 25 % 0.1 o of alcohol. Tolerance is 0.2 oz, one-tenth of
tolerance is 0.02 oz, converted is about 0.6 cm3. The converted value
(739.34 = 2.957 cm?®) should be rounded to units of 0.1 cm?® and becomes

739.3 = 3.0 cm®.

7.2 Conversion Procgdure—In the sections that follow, thé ‘‘total
implied precision” discusded in paragraph 7.1 is referred to.a9)*TIP.”

7.2.1 First determine T

P

7.2.2 Convert the dimens;ion, TIP, and the tolerance if“any, by the

¢ accurate conversion facto

given in this document of\ANSI/IEEE 268.

7.2.3 Choose the smalldst number of decimals to-rétain, such that the

last digit retained is in un
7.2.4 Round off to this
7.2.4.1 Where the di

less than 5, the last digi

ts equal to or smaller-than the converted TIP.
number of decimals by/the following rules:

it next beyond the ldst digit to be retained is
retained sholld not be changed. Example:

4.46325 if rounded to three places wouldbe 4.463.
7.2.4.2 Where the digits beyond'the last digit to be retained amount

to more than 5 followed
creased by one. Example:
8.377.

7.2.4.3 Where the di

by zerds; the last digit retained should be in-
8.37652’if rounded to three places would be

d-is

Estimate of TIP 400 psi from nature of use and precision
of measuring equipment

Converted TIP 2.8 MPa
Units to use, 1 MPa
50 000 psi equals 344.737 85 MPa, round to 345 MPa
5.163 in length
Estimatc of TIP 0.001 in (significant digits judged correct)
Converted TIP 0.0254 mm
Units to use, 0.0]1 mm
5.163 in equals 131.1402 mm, round to 131.14 mm
12.125 in length
Estimate of TIP 0.06 in from nature of use
Converted TIP 1.524 mm
Units to use | mm
12.125 in equals 307.975 mm, round to 308 mm

7.2.6 In dealing with toleranced quantities or quantities that establish
limits, the rounding may be required in one direction only. When maximum
or minimum are specified and judgment shows that these terms are manda-
tory, a maximum quantity must be rounded downward and a minimum
rounded upward. The following illustrations show rounding of a dimen-
sion to two decimal places under different circumstances.

7254

7255

Dimension converted to 131.7625 mim
Round to two decimal places
(a) Normal dimension, untoleranced
Round to 131.76 mm (closestyto/origingl)
(b) Dimension stated as minimum
Round to 131.77 mm (rounded up)
(c) Dimension stated as maximum
Round to 131.76 mm (rounded down)

Similarly, a toleranced quantity may be roundedl as in item (a). However,

if critical it may be first/converted to limits and each limit rounded in

the appropriate fashion depending on the nature of the individual limit.

For absolute mamtenance of the original limits| the upper limit should

be rounded.down and the lower limit roundeq up. (This is method B
described innASTM E 380.) ¢
8. Temperature Conversion—The SI unit for thermodynamic tempera- ¢
ture is the kelvin. The SI unit degree Celsius'™ will be used for commonly ¢
expressed temperatures.
The Celsius scale is related to the kelvin scal
One degree Celsius equals one kelvin exa
(t-c) is related to kelvin temperature (T) a

TK =273.15+ t¢

The Celsius scale is related to the Fahrenheit| scale as follows:
One degree Celsius equals % of a degree Faprenheit, exactly. Celsius
temperature (t-c) is related to Fahrenheit tefhiperature (t) as follows:

L = %(ts — 32)

as follows:
tly. Celsius temperature
follows:

General guidance for converting tolerances from degrees Fahrenheit
to kelvins or degrees Celsius is given below:

Conversion of Temperature Toierance Requirements

at b dthe loce Ligie o
FHEMERD YOI ag—o

exactly 5, the last digit retained, if even, is unchanged; but if odd, the

last digit is increased by

rounded to two places. 4.
7.2.5 EXAMPLES

7.2.5.1 Test pressure

one. Example: 4.36500 becomes 4.36 when
35500 also becomes 4.36 when rounded.

200 £ 15 psi

TIP not evident in this case
Total tolerance 30 psi, divided by 10 is 3 psi converted equals
20.68 kPa, for TIP use 10 kPA

Units to use,
200 = 15 psi

10 kPa
equals 1 378.9514 * 103.421 355 kPa, round

to 1380 = 100 kPa

7.25.2

A stirring rod 6 in long

Estimate of TIP. Assume intended precision %Y, in, TIP =

% in

Converted TIP %4 X 254 = 3.17 mm

Units to use,

1 mm

6 in equals 152.4 mm, round to 152 mm
7.2.5.3 50 000 psi tensile 'strength

Tolerance, °F Teierance, K or °C

+i *0.5
+2 +1
+5 *3

=10 +5.5

*15 +8.5

*20 *+11

+25 +14

Normally, temperatures expressed in a whole number of degrees Fahren-
heit should be converted to the nearest 0.5 kelvin (or degree Celsius).
As with other quantities, the number of significant digits to retain will
depend upon implied accuracy of the original dimension, for example:

100 = 5°F: implied accuracy estimated to be 2°F.
87.7777 £ 2.7777°C rounds to 38 * 3°C.

1000 = 50°F: implied accuracy estimated to be 20°F.
537.7777 £ 27.7777°C rounds to 540 = 30°C.

13 The term " Celsius™ officially replaced ““Centigrade” to eliminate confusion with ¢
French metric decimalized angular measurement (a “grad™ or “grade™ is 1% of a
right angle. and a “‘centigrad” or “ceniigrade” is 1% of a “'grad™).
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APPENDIX A
Application of SI Units
(including conversion factors)
3G - Eact Conuersion-factors—are shown from Old Units

The following table illustrates—+ecommended—SIuse—forapplication
in the industries served by SAE. The particular recommendations are
not mandatory, but should be followed in all SAE effort unless other
use conforming to SAE J91[6 is strongly preferred.

1. Arrangement—The unjt applications are arranged in alphabetical or-
der of quantities, by princ|pal nouns. Thus to find SI use for Surface
Tension look under Tensiof, Surface, and for Specific Energy look under
Energy, Specific.

2. Rates and Other Derived Quantities—It is of course not practical to
list all possible applications put others such as rates can be readily derived.
For example, if guidance 1§ desired for Heat Energy per Unit Volume,
looking up Energy and Vglume will show the recommendation kJ/m3
(or other prefix, depending on factors discussed in paragraph 5.3).

to Metric Units to seven significant digits, unl€ss the precision with which
the factor is known does not warrant severt digits.

Exact conversion factors are indicated by)*.

For conversion from Metric Units to/Qld)Units, divide rather than multi-
ply by the factor. For example, to convert 16.3 Ib/yd® 10 kg/m? multiply
by 0.593 276 3. The answer is 9.670 403 6 kg/m? which should be rounded
properly according to the precision/of the 16.3(1b/yd?, probably to 9.7
kg/m®. To convert 9.7 kg/m*10'Ib/yd® divide by §.593 276 3. The answer
is 16.349 886 Ib/yd?® which also should be rounded, probably to 16.3
Ib/yd?.

¢
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TABLE A.1

Quantity Typical Application From Old Unlts To Metric Unlts Multiply by
Acceleration, angular General rad/s? rad/s? 1"
Acceleration, linear Vehicle {mile/h)/s (km/h)/s 1.609 344*

Genero! fincludes acceleration of gravity)} ft/52 m/s? 0.304 8*
in/s? m/s? 0.025 4*
Angle, pl‘une Rotational calculations r {revolution) r (revalution) 1*
rad rad 1
Geometric and generol ° (deg) ° 1*
! {min) © (decimalized) 1/60*
" (sec) ° (decimalized) 1/3600*
Angle, solid lllumination calculations sr st 1*
Area Cargo plotfarms, frontal areas, fabrics, roof and floor in? m? 0.000 645 16*
arecs, general
f12 m? 0.092 903 04*
Pipe, conduit n? tme 6.451 6*
ft2 m? 0.092 903 04*
Small areas, arifices in? mm? 645.16*
Brake & clutch contact area, glass, radiators, agricultural in? cm? 6.451 6*
Land and water areas (Smoll) 12 m?2 0.092 903 04*
yd? m? 0.836 127 4
rad? m? 25.292 95
(Large) acre m?2 4046.873
acre ho 0.404 687 3@
{Very Large) mile? km? 2.589 998
Areo per time Field operations (agricultural) acre/h ha/h 0.404 687 3@
Auger sweeps, silo unlaader [ fi2/s m?/s 0.092 903 04*
Bending moment (See Mament of farce)
Capacitance, electric Capacitars WF uE 1A
Capacity, electric Battery rating A-h A-h 1™
Capacity, heat General Btu/°F@ kJ/K®) 1.899 101
Capacity, heat, specific General Btu/{lb - °F)® kd/(kg - K)® 4,186 8*
Capacity, volume (See volume)
Caefficient of heat transfer Genera! Btu/(h- 12 °F)® W/(m2-K)> 5.678 263
Coefficient of linear expansipn Shrink fit, general °F=1, (1/°F) °C-1, (1/°Q) 1.B*
Conductance, electric Generaol mha S 1
Conductance, thermal (See Coefficient of heat transfer)
Conductivity, electric Moteriol property mho/ft S/m 3.280 840
Conductivity, thermal General Btu- in/(h- Ft2-CF) 0 W7 m- K™ 0.144 227 9
Btu- ft/th- f12- °F)le) W/(m-K)®» 1.730 735
Cansumption, fuel (See Efficiency, fuel)
Cansumptian, ail Vehicle perfarmance testing qt/1000 miles L/1000 km 0.588 036 4
Cansumption, specific, fuel (See Efficiency, fuel)
Cansumption, specific, oil Engine testing Ib/(hp + h} 9/(kW-h) 808.277 4
(b/(hp* h) a/MJ) 168.965 9
oz/(hp-h) 9/MJ 10.560 37
Current, electric General A A 1
Domping coefficient Ibf - 5/ft N-s/m 14.593 90

For footnates see end af Table.
t Standard acceleratian of gravity 9.806 850 m/s? exactly.

(Table continued on next page)
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(CONTINUED)

Quantity Typicai Application From Old Units To Metric Units Multiply by
Density, current General A/in? kA/m? 1.550 003
A/ft2 A/m? 10.763 91
Density, mognetic flux Generol kilogauss T 0.1*
Density, (mass) Solid lb/yd? kg/m? 0.5932763
tb/in® kg/m? 27 679.90
Ib/ft2 kg/m? 16.018 46
ton (short}/yd? kg/m? 1 186.553
ton (long)/yd?® kg/m? 1 328.93¢9
Liquid Ib/gal kg/L 0.119826 4
Gos Ib/f2 kg/m3 16.018 46
Density of heat flaw rate Irrodiance, general Btu/(h- ft2)=) W/m? 3.154 591
Diffusivity, thermal Heat transfer ft2/h m2/h 0.092 903 04*
Drag (See Force)
Economy, fuel or oil (See Efficiency, fuel ar oil)
Efficiency, fuel Highway vehicles
economy mile/go! km/L 0.4251437
cansumption — L/100%km o
specific fuel consumption Ib/(hp- h) g/MJ 168.965 9
Off-highwoy equipment
economy hp*h/gal kW -h/L 0.196 993 1
consumption gal/h t/h 3.785 412
specific fuel cansumptian Ib/(hp h) g/kW-h) 608.277 4
specific fuel consumption Ib/thp-h} g/MJ 168.9659
Aircraft gas turbine engines -
Thrust specific fuel consumption (Turbo-jet/fon} Ih/{lbf-h} mg/(N-s) 28.32526
Shaft specific fuel consumption (Turbo-shaft} Ib/thp - h) kg/(kW - h) 0.608 277 4
Efficiency, oil Highway vehicles
economy mi/qt km/L 1.700 575
Energy, work, entholpy, Impact strength fi-lbé J 1.355 818
quantity of heat
Heat® Bty kJ 1.055 056
keal kJ 4.186 8"
Chy'e kJ 1.899 101
Electricol kW -h kW-h A
kw-h mJ 3.6*
Mechanical, hydraulic, general erg J 0.000 000 1*
ft- Ibf J 1.355 818
ft-pdi J 0.042 140 11
hp-h M 2.684 520
Energy per areo Solor radiation Btu/f2®) MJ/m? 0.011 356 53
Energy, specific General®! cal/gt® Jg 4.1B6 B8*
Btu/lb kJ/kg 2.326*
Enthalpy (See Energy)
Entropy {See-Copacity—heet)
Entropy, specific (See Capacity, heat specific)
Floor loading (See Mass per areo)
Flow, heat, rate (See Power)
Flow, mass, rate General Ib/min kg/min 0.453 592 4
b/s kg/s 0.453 592 4
Dust flow oz/min g/min 28.349 52

For footnotes see end of Table.

** Convenient conversian: 235.215 < (mile/gal) = L/100 km

(Toble continued on next page)

1
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TABLE A.1 (CONTINUED)

Quantity Typical Application From Old Units To Metric Units Multiply by
¢ Flow, volume Air, gas, general #3/5 m3/s 0.028 316 85
f13/s m3/min 1.699 011
f12/min L/min 28.316 85
liquid flow, pump capacity gal/s L/s 3.785 412
gal/s m3/s 0.003 785 412
gal/min L/min 3.785 412
Seol ond packing leakage, sprayer flow oz/s ml/s 29.573 53
az/min mL/min 29.573 53
Flux, luminous Light bulbs’ tm lm 1*
Flux, magnetic Coil rating maxwell Wb 0.000 000 01*
Force, thrust, drag Pedal, spring, belt, hand lever, general bt N 4,448 222
azf N 0.278013¢9
¢ Digwhas-breakaut —rim pull —winch line pull L0 Ihf N 4.448 222
Ib§ kN 0.004 448 222
ton force {2000 Ibf) kN 8.896 444
General pdl N 0.138 2550
kgt N 9.806 650
dyne N 0.000 01*
¢ Force loading {See Pressure)
Force per length Beam laading {See olso Spring rote) Ib§/§t N/m 14,593 90
¢ Force per mass Tractive effort Ibf/tan {short) N/Mg, N/t 4.903 326
frequency System, saund ond electrical Mc/s MHz 1
ke/s kHz 1*
Hz, e/s Hz 1*
Mechanical events, ratational (See Velocity, ratational)
Hardness nventional hard bers, BHN, R, etc., nat
affected by change to Si
Heat (See Energy)
Heat capacity {See Capacity, heat)
Heat copacity, specific {See Copacity, heat specific)
Heat flow rote {See Pawer)
Heot flow, density of {See Density of heat flow)
¢ Heat {enthalpy), specific General® cal/g® kJ/kg 4.186 8*
Btu/lb kJ/kg 2.326
Heot tronsfer coefficient (See Coefficient of heot transfer)
lluminance, ilumination General fc Ix 10.763 91
Impoct strength (See Strength, impact)
Impedance, mechanical {See Damping caefficient)
inductance, electric Filters ond chokes, permeance H H 1*
intensity, luminaus Light bulbs condlepower cd 1*
Intensity, rodiant General W/st W/sr ™

Leakage

{See Flow, volume)

For footnotes see end of Table.

(Table cantinued on next page)
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TABLE A.1 (CONTINUED)

Quantity Typical Application From Old Units To Metric Units Multiply by
Length ar Distance Lland distances, maps, odometers, aircraft range mile {noutical} km 1.852*
mile km 1.609 344*14)
Field size, turning circle, braking distance, carga rad m 5.029 2100
platfarms, water depth, land levelling {cut and fifl)
yd m 0.914 4*
ft m 0.304 8*
Engineering drawings, engineering part specifications, in mm 25.4*
mator _vehicle dimensions, general
Field drainage {runoff), evoporation, irrigation depth, in cm 2.54*
rain_and snowfall
Caating thickness, filter roting mil ©wm 25.4*
pin Bwm 0.025 4*
micron wm 1
Surface texture
Roughness, average pin pwm 0.025 4*
Roy i in mm 25.4*
Radiation wavelengths, optical measurements, (interference) win nm 25.4*
Laod {See Mass)
(For wing loading, See Pressure)
Luminance Brightness footlambert ed/m? 3.426 259
Magnetization Coil field strength Alin Al/m 39.370 08
Mass Vehicle mass (weight), oxle rating, rated load, tire load, ton {long) Mg, 1.016 047
lifting capacity, tipping load, load, general
fon (short) Mg, t 0.907 1847
b kg 0.453 592 4
slug kg 14.593 90
Small mass oz \{ayoir) 9 28.349 52
oz.{tray) ] 31.103 48
grain g 0.064 798 91+
Mass per area Fabric, surface coatings oz/yd? g/m? 33.90575
1b/§12 kg/m? 4.822 428
oz/f12 g/m? 305.1517
Floar laading Ib/f2 kg/m? 4.882 428
Application rate, fertilizer, pesticide Ib/acre kg/ha 1.120 85119
Crap yield, soil erasion tan (short)/acre t/ho 2.241 702
Mass per length or per distance General Ib/ft kg/m 1.488 164
Ib/yd kg/m 0.496 0547
Mass emissions g/mi g/km 0.6213712
Mass per time Machine workiedpacity, harvesting, materials handling ton (short)/h t/h, Mg/h 0.907 1847
Madulus, bulk (See Pressure)
Modulus of elasticity General Ibf/in? MPa 0.006 894 757
Modulus af rigidity (See Madulus of elasticity)
Madulus, section General in? mm? 16 387.06 .
in? cm? 16.387 06
Mament, bending {See Mament of farce)
Mament af area, seéond General int mm* 416231.4
in4 em! 41,623 14
Moment of farce, tarque, General, engine tarque, fasteners Ibf-in N‘m 01129848
bending moment
Ibf- ft N-m 1355818
kgf-cm N-m 0.098 066 5*
Locks, light torque ozf-in mN-m 7.061 552
Mament of inertia Flywheel, general oz'in? g-m? 0.018 289 98
Ib-in? g'm? 0.292 6397
Ib- 12 kg' m? 0.042 140 N1

Far foatnates see end of Table.

(Table continued an next page)
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TABLE A.1 (CONTINUED)

Quantity Typical Application From Old Units To Metric Units Multiply by
Moment of mass Unbalonce oz-in kg mm 0.720077 8
Moment of momentum (See Momentum, angular)
Moment of section (See Mament aof area, secand)
Momentum General Ib-ft/s kg-m/s 0.138 2550
Momentum, angular Tarsianal vibratian lb-ft2/s kg - m?/s 0.042 140 N
Permeability Magnetic core properties H/ft H/m 3.280 840
Permeance (See Inductance)
Potential, electric General v \" 1*
Power " General, light bulbs w w 1*
Air conditioning, heoting Btu/min‘® w 17.584 27
Btu/ht®) w 0.293 0711
Matars, etc. hp (electric) kw 0.746*
Engine, alternotor, drowbar, power take-off, general hp (550 ft-Ibf/s) kW, 0.745 699 9
Power per area Solar radiation Btu/(ft2- h)a W/m? 3.154 591
Power quotient Vehicle engine specifications hp/tan (shart) kw/t 0.8223243
Engine Performance Ib/hp kg/kW 0.608 032 7
Pressure All pressure and bulk modulus, wing loading Ibf/in? kPa 6.894 757
Ibf/in? (cbsolute) kPof 6.894 757
Ibf /§t2 kPa 0.047 880 26
in Hg (60°F) kPa 3.376 85
in HyO {60°F) kPa 0.248 84
ft H,O (60°F) kPa 2.986 08
mm Hg (0°C) (torr) kPa 0.133322
kgf/cm? kPa 98.066 5*
bar kPa 100*
atm (standard kPa 101.325*
= 760 tarr)
torr (mm Hg, 0°C) kPa 0.133 322
Pressure, sound, level Acaustical meosurements™ dB dB 1*
Quantity aof electricity General C C 1"
Radiant intensity {See Intensity, radiant)
Reflectance Reflectors ed/fe med/lux 92.903 04
Resistance, electric General (1) [ 1"
Resistivity, electric General 0-ft 'm 0.304 8*
Q-4 Q-cm 30.48*
Sound pressure level (See ‘Pressute, sound level)
Speed (See Velocity)
Spring rate, linear General spring praperfies 6171 N7mm 01751268
Spring rote, torsional Generol Ibf - ft/deg N-m/deg 1.355 818
Strength, field, electric General v/t V/m 3.280 840
Strength, field, magnetic General oersted A/m 79.577 47
Strength, impact Matetiols testing ft-Ibf J 1.355818
(energy absarption)
Stress Generol Ibf/in? MPa 0.006 894 757
Surface tension (See Tension, surface)

For footnotes see end of Table.

(Table continued on'next page)
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