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' ASME _
Orientation and Guide
'  for Use of
SI {(Metrie) Units

Minth Edition
March 24, 1982

SECTION 1. BACKGROUND AND POLICY

’Ihc 1267 Regional Administrative Confarence passed the following resolu-

: “Form a working committee to propose and implemont canstructive

su}lutlnns to problems associated with conversfon to the metre system.”’

. In 1968 a Special Committes on Metric Study was establishod by the

Council of ASME. This cammittes has held a series of mcetings which culmi-
tated in the following Council policy: . _

1. 1970—The ASME anticipates the displacoment of the usage of U.S.
customary units by {he vsage of SI* (meiric) units in many fields,

2. 1970—The ASME believes that both U.S. customary and the SI systems
of units, modules, sizes, ratings, etc., will confinue in use in the foresee.

) able future.

3. 1970—Because of the i mcreasmg international commitment of 1.8, engi-
ﬂeer].ng and U.5. industry and cornmerce, the ASME recognizes the
need for an accelerated growth in the capahility In and between both
systems by the mechanical engineerng profession.

4. 1970—The ASME will cncourage and assist the development c-f this
"dual capability” by specific and positive actions, including the fol-
lowing:

(a) Contribute to the mntmumg, develnpmant of the Intematmnai
System, particularly to mect engineering requirements.

{0} Develop and disseminate data to facilitate conversion and insure
corredpondence between the U1LS. customary and Sh.

(v} Provide and premote education in the fundamentals and applica-
tion of boih systems.

“Internations] System
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{d) Encourage and guide the'usos or inclusion of 81 units as appropriate
in Codes and Standaxds and other ASME publications.

(s) Work with ANSI to develop and implement U.S, national poli-
cies regarding international standardization.

5. 1970—The ASME will continué to support the Nutional Burean of
Standards of the Depariment -of Commerce in its “Mstric Study,”
pursuant to Public Law 90472, ks tnemberstiip will be kept Informed
of all significant NBS actions.

6. 1972—For the purpose of moving forward the ASME will maintain
close liaison with legislative activities concernad with increased use of
the International Metric System (SI),

7. 1973 —The Soclety encourages the Initiation of a coerdinating velun-
tary national program of conversion to 5] usage.

8. 1973—As of July 1, 1974, SJ units (in addition to any othop units) will
be required In ASME papers and in revised, reafficmed and new engi-
neering standards,

C 9, 1974—The ASME will cooperaie fully with the American National

S Metric Cootmcil (ANMC), and other societies and agencies to minimize

R duplication of effort, - ) '

S 10, 1977-8L units shall be included it standards at the appropriats time as
determined by indusiry, government, public and soclety needs consis-
tent with nationidl ptans for coordinating and managing development of
81 standards, ' ' SR

The ASME Metric Study Committee maintains contact with the National

Bureau of Standards and various technical sooietias involved in the change fo

' 81 and has developed educational material and reports 1o the membership,
The commiites also developed society positions on metric legisiation. The
U.5. Metric Study Report was submitted to Congress for study and imple-
mentation in July, 1971, This report vecognized that “enplneerliy standards
have served as a keystone in our domestic industiial development, as they
have in other industrialized nations.” It notes that only a small portion of
U.S. standards are coordinated by the American National Standards Instltute
(ANSI) which ropresents the U:S. on the Infernational Eleetrotechnieal
Commissicn (IEC) and in the Intérnational Organization for Standards (ISQ).
Many IEC and IS0 recommendations are not compatible with U.5. Standards,
The réport further states: “If VLS, practides are to be roflected in inter.
national recommendations, active participation on the drafting ¢ommittee
is essential.” With the trend to uge the International System of Units “further
national statidards which do not include 81 units areé not likcly to receive due
congideration In the dovelopment of international standards.”

-Sirice dimensional specificitions in different metric countriey are incom-
patible as frequently as those in countzies using the inch unit for measure-
ment “a change to SI does not by ifself make standards-compatiblo.” The re-
port continues, “a few dimensional specifications based on the inch and ULS,
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engineering practices are used intcrnationally and have been mccrpmatcd in
IEC and IS0 recomimendations. Likewise, thets are a few specifications based
on metric units used throughout the world including the U.8."* The report
‘states that a change in both metric and nonmetric countries is reguired to
achievs intsrnational standardization. A review of praoctices intorporated in
standards ¢ould result in new practices end standards “‘which will conserve
raw materials, improve the guality of producis and reduce costs,”

ASME is a charter subscribér to the American Natjonal Metric Council and
several members of the ASME Metric Study Committss serve or have served
on the ANMC Board of Directors, Metric Practice Committee, and sector
committees,

SECTION 2. HISTORY OF THE INTERNATIONAL SYSTEM

As our technology grew in the nineteenth ceéntury, it became apparent
there was a proat need for international standardization and improvements in
the accuracy of standards for units of length and mass. As a result, in 1872'an
international meeting was held in France and was attended by represantatives
of 26 countries including the United States. Oui of this meeting came the
international treaty, the Metric Convention, which was signad by lT uountrie:s
including the United Statesin 1875F. The treaty:

(@) Set up metric standards for Jength and mass,

(b) Established the International Bureau of Weights and Measures (abbre-

- viated from: the French as BIPM:-PM for French “Po:ds st mesuras’
meaning *“weights and measures™},

~{c} Established the Genezal Conference of Weights and Measures {CGPM)
which meets every six years.

{d) Set up an Intematfonul Committee of Weights and Measutes ({CIFM)
which meets ¢very two years and which implements the recommenda-
tlons of the General Confercnce and directs the agtivities of the Inter-
national Bureau. The 1960 meeting of CGPM consisting then of 40 -
members, modernized the mettic systam. This revision is the Interna-
tlonal System of Units {SI}*. The expression used hereafter “S]I
Units,” “SE Prefixes” and “supplementary units'™ are the results of
Recoramendation 1 (1960} of the CIPM. The sixthi base unit listed in
Table 1 was proposed as a Resolution by CIPM in 1969 and was
adopted by the 14th CGPM in 1971,

e Hystdme Inieroatlonal 9'Uniids,” 1970, QFFILID, 48 rue Ga}f Lussm. F. 75
Paris 5 (revised edition 1972). ,
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SECTION 3. 8 BASE UNITS

The following are definitions of the seven base units:

@)

)
(c}

{d)

(e)

®

(g}

The “meter® is the unit of length which is the length. equal to
1 650 763.73 wavclengths in vacuum of the radiation corrssponding
to the transition between levels 2py, and 5ds of the krypton-86 atom,
(In conformance with SI practice the number of wavclengths is
written in groups of three digits wizhont commas) |

The “kilogram” ls the unit of mass which is equal ta mass of the
international prototype kilogram, located at thie BIPM headquarters.
The “second” is the unit of time which is the duratien of 9 192631 770
periods of the radiation corresponding to the transition between the
two hyperfine tevels of the ground state of the cesium-133 atom,
The “ampere™ is the unit of electric current which is that constant
eurrent which, if maintained in two straight parallel conductors of
infinite length, of negligible cireular cross section, and placed 1 meter
apart in vacuum, would produce between thege conductors a force
equal to 2X 1077 newton por meter of length (newton is a derlved
unit}). . :
The “kelvin” is the unit ol thermodynamtc temparature which is the
fraction 1/273.16 of the. thermodynamic temperature of the triple
poini of water. The SI unit of temperaturc is the kelvin. The Celsius
temperaturc {previously called Centigrade} Is the commonly used
scale for tpmperature measurements, oxcept for some aeientific work
where the thermodynamic scale Is used. A difference of onc degres on
the Celsiue scale cquals one kelvin, Zere on the thermodynamic scale
is 273.15 kelvins below zero depres Celsius. The degres symhol is
agsoclated with Celsius temperature (to avoid confusion with the unit
C for coulomb) but not with the kelvin, Thus 20°C = 293.15 K on the

‘thermodynamic scale but a. temperature diffarence of 1°C = | K. (See

Appendix 9.) : :

The “mole” 13 the unit of amount of substance of a system which
containg as many elementary entities as there are atoms in 0.012
kitogram of carbon 12.

The “candela” is the unit of luminous intensity in the perpendicular
direction, of a surface of 1/600 000 square meter of a Blackbody at
the temperature of freczing platinum under a pressure 101 325
newtans per sgquare metar. : '

The symbols for these base units are given .‘m Table 1. Nore that symbols
are never pluralized, are never written with a period, and the practice with

*Moter—This 15 tha spelling recommended by the ASME Metric Study Commities far
use in ASME publications. The alternate spelling, “metre,’* may be used at the disgre-
tion of the author,
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respect 10 upper and lower case modes must be followed without exception.
Refer to ANSI X 3.50 or ISQ 2955 for proper symbols for use in limited
character sets {availability of only uppor case letters or only lower case let.

térs). :
TABLE 1—-8! BASE UNITS?
Quantity o Unit Name Unit Symbaol*

Length meter m

Mass | : kilogram*# - kg
Time : : second . 5
Electric current ampere A
Thermodynamic temporature kelvin 4
Amount of substance mote mol
Luminous intensity candeln cd

i Specinl Puhlicatiun 330, p. &, National Bureau of Standards, {See Appeidix B.)

*In general, roman (upright type) lower case is wsed for symbuols of units: hiowaver, if
the symbols are derived from proper nancs, vapital roman type fa used far the fist
letier, .

**The kilogram s the only base unit with a prefix.

SECTION 4. SUPPLEMENTARY UNITS

The General Conference has not yet classifed cortain uniis of the Intef-
national System under either base units or derived units. These SI units aro
assigned to the third class called “supplementary units” snd may be regarded
cither as base units or as derived units. : :

The two supplementary units are the 1adian for plane angle (symibol rad)
and the steradian for solid angle (symbol &),

- SECTION &, PREFIXES

. Decimal multiples and submultiples of the SI units are formed by means
of the prefixes detailed in Table 2 on next page. Only one muitiplying prefix
is applied et one time to a given nnit, &.g., nanometer (nmn), not mitlimicrome-
ter (mmin).
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The symbol of a prefix is considered to be combined with the unit symbol
to which it is directly attached, forming with it 2 new unit symbol which can
be raised to a positive or negative power and which can be combined with

“other unit symbols to form symbols for compound units.

Examples:
Imm® ={0%my =107
1nst =(10%s)" =101
I mm?fs=(10°m¥fs =107 m?/s

When expressing a quantlty by e numerleal valus and a specific unit, it is
desirable in most applications to sefect a multipls or submultipls of the
unit which results in a numerical value between 0.1 and 1060,

It is desirable, however, to carry the multiples and sub.multiples to graater
or unaller numerical values where the predominant usage is dictated by this
mle, e.g., mechanical design uses: mm.

Example:
7950 mm instead of 7950 m
Nate: In text and tables, if a numerical value is less than one, a zero
shall precede the declmal point.

The vse of praﬂkﬂs Iepreéﬂnting 10 raised to & power which is a multiple
of 3 is especially recommended in ISQ 1000.* The use of prefixes in the
denominator of derived units shonld be avoided.

SECTION 6, THE COHEREMNCE OF DERIVED
UMITS IN 51

SI comiprises the seven base units listed in Table 1, the two supplementary
units radian and steradian, and any number of units derived from the base
unjts, supplemeniary units, or vther derived units, Certain derwr:d units have
special names. Sec Table 3,

It is a fundamental and convenient feature of SI that the hase unifs, supple-
mentary units and derived units form a coherent system. Derived units are

* alpebraic expressions In terma of powers of the base units, and all numerical
factors are unity, In the Inch-pound systam, by contrast, a gréat many numer-
lzal factars cams into play when units are derived from each other, or even
when they ars compared with one another, The difference between coherence
and lack of coherence can be shewn by comparing the unlis of power in the
two systems.

*3pe Appendix B. -
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In SI, the unit of _p_ower meiy be derived in (hree staps as follows;

force = mass X acceleration = kyames
work = force X digtance = (hgemies™) X m = kgap?.g?

powsr = work per unit of time = (kgem®s5™) X 571 = Jgum?, 578

This derivation applies to mechanical and electrical as well as thermal
power. The unif of power is the watt, In most applications, Power ouiput or
mput will be expressed in kilowatts or megawatts, |

En the customary system, mechanical power is measured in horsepower,
thermal. power in British Thermal Units, and electrical power in kifowatts,
These: units are related to each other by the following: .

Q00 ft-Ib | 560 ft-Tb _ 2545 Bru _ 4242 Biy
. min . sec hr min

Thp = 33 = 746 watis

Nots the lack of consistency in the unit of time and the many numerical

factors. The unit for electrical power is the same In the inch-pound system and
it 81, The numerical relationships incorporate wollknown ampirical factors.
Table 3 shows SI derived units with their nawes, symbols, and formulas,
and for each derived unkt an expresslon In torms of base and Supplementary
units. Note that evory unit name is speiled with g lower case first letter: upper
case is to be nsed only at the beginning of a sentence. The rule for capitaliza-
tion of unit symbols js as follows: if a unit i named for a person, the first
letter of the symbol is capitalized, as in V for volt or Iz for hertz ; therwise
the unit symbol iz in lower case, as in I for fumen or Ix for lux. The EXCep-
 tion is the symbol L fur lter, This rulé applies to afl ST units,
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TABLE 3-DERIVED UNITS WITH NAMES -

Expression in Terms

Quantity - MName Symhol Farmula of 5§ Base Units
Frequency hertz Hz 1/s or §1 §*
Fotee newton N mekges™ m-kg-53
Energy, work " joule I Nem m? kges™
Power watt W ¥is m? tkge§?
Electric charge coulomb C Ars Avs
Electric potential =~ volt * A4 WA C omPekgegdent
Electric resistance ohm 9] ViA m? rkged e A2
Blectric capacitance * farad - E Civ C otk legtepl
Magnetic flux weber Wb Vs m® skpe§*r A7
Pressure or stress® pascal . Pa N/m? o' vkged®
Conductange sierens. 8 AN % kg leg? 42
Bagnetic flux density tesla T Wh/m? kgra®s A
Inductance henry H WhiA | m? kg A
Luminous flux . lumen Im ced=sr - cdesr
Illuminance - lux Ix Im/m? ni? sedesr

*In cases where gpace does nat permit writing out “gage pressure” or “absohite pres-
sute,” such as in cquations, on data table column headings or on instrument faces,
recommended practice is to use the unit symbel follawed by-a space, then the qualify-
ing adjective or abbreviation in parentheses. For cxample; kP'a (ga) and kPe (aba) aic
cOITeCt expressions.

Table 4 lists some derived -units without-names, Units not shown should be
derived from approved units; e.g., the proper units for mass per unit time fs

kgfs.
TABLE 4-50ME DERIVED UNITS WITHOUT NAMES
© Quantity - Unit Formula

Velocify-linear  meter petsecond - mfs
AccelerationJinsar - meter per second per second mfs*
Density : kilogram per cubic meter © kgim®
-Entropy - joule per kelvin . JK
Thermal flux, denzity watt per square meler . Wim®

SECTION 7. RULES FOR USE OF Si UNITS IN ASME PUBLICATIONS

The kilogram is the vnit of mass. The newton is the unit of force and shall
be used rather than kilogram-force (which is a non-81 unit). Irr 81, the differ-
ence between mass and force is very cleer, The term weight has been used by
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engineers and scienﬂsts tn dﬂmte the force of logal gravity. Although this has
heen the meaning acéepted for scientific use, the term is also widaly used to

denote other closely~related forces and to denote mass.

This fact is intertwined with the past use of the same names as units of
both force and mass {¢.g., Ibf and Ibm, and kgl and kg).

Both ambiguities lead to communication difficulties. Therefore, the use
of the term weight s discouraged In ASME technical communications..-

Either “force of gravity on™ or “gravity force on will be far less likely to .
be mlsmterpreted than “‘weight of™,

Length measurements in technleal papers and publications should be ex-
pressed in millimeters or meters. Centimeters should be awoided. Other units
which may be used with 5] units are given in Sections 10and 11, |

ASME requxrements establish the use of §1units in the following manoer—
either: :

As the preferred units with In parentheses following quantltles

other units in parentheses: in other units:

60.0 mm {2.36 in.) 245 In (62.2 mm)
170 kPa (24.7 psi) 25 psi{172 kPa)
1.60 MJ (1500 Btu) - 1300 Btu {1.6 MT)
GOON {61 kgf) ' 60 kef (590 N
or: .
As the an]y unit w1thnut customary unit equivalents
©1045F
24,5 MN

When nominal slzes that are not measurements but are names of items are
used, no conversion should be made, e.g., ¥4~20 UNC thread, 2 X 4 luniber.
Requirernents for tabular data are presented in the appendices.

- SECTION B. CONVERSION AND ROUNDHNG

Convorsion of . quantitms between systems of units requoires careful doter-
mination of the number of significant digits to be retained. To ¢onvert “*one
quart of oil” to “0.946 352 9 liter of oil" is, of course, nonssnse becaugs the
intended accuracy of the values does not warrant a canversion to seven deci-
mal places. All conversions, ta be legical, must be rounded based on the pre-
gision of the original quantity, either expressed by a tolerance or impliod by
the nature of the quantity. -

Where 2 value represents a maximum or mlnjmum limit that must be
respected, the rounding must be in the direction that dt}as not violate the
originial limit. ,

The ultimate test of a mrrect conversion Is deEllt}' to the mtﬂnded form,

- fit, function, and intcrchangeabitity. It is not an sutomatic process, but re-

quires sound engineering judgment. One or more Initial zeroes are.not called

10
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“significant”. Zeroes at the end of a number are considercd significant only
when they- represent the true value more closely than one more or ons Jess.

In any conversion take the following steps: _ _

1. Convert the values and toleraace, if there is cne, by multiplying by the
_appropriate conversion factar.

2. Chooss the number of significant digits to he retained in the ¢onvertod
value, Sce rounding practices in par. 8.1 and 8.2,

3. Round off the converted value to the desired mumber of significant
digits using the rules in the following table which apply to all the
tounding practices in par. 8.1 and 8.2, except par. 8.2.1.

Wivn the First Digit Dropped Is: The Last Digit Retainad Is:
Less than 3 [ Unchanged
" More than 5 or 5 followed . Increassd by i,
by other than all zeros
" 5 followed only by zeros . Unchanged if even
‘ : - Increaséd by 1if odd

8.1 Rounding of Géneral Tachnical Data '

The felawing chart bused on the first significant digifs of the- conversion
factor and a comparisen of the oziginal and converted valies can he used to
determing the number of significant digits to be retained in convorted values
other than drawing dimensions and temperatures. '

As an exampls, conversion of 34 feet to meters is az follows:

(a) From Appendix 9 the conversion factor is 0.3048 m/ffi. The converted
value is 10.3632 m,

(b) The first significant digit of the conversion.factor is 3" which is
between 1 and 5, Therefore, the top half of the chart s used.

(c) Compaze the fitst significant digits of the original value and the con-
verted value. The “I™ in 13632 m is less than the “3* in 34 feet.
Therefors the converted value should be rounded to one more signifi-
cant digit than the original value; thus 34 feet becomes 104 meters,

13
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st Significant iat Significant
Digit of Con- Diylt of Con-
varasian Factor varted Valua Round to Example
1-5 © 2= 1st signifi- same no. signifi- | 31 £t X 0.3048 m/ft
cant digit of cant digits = 9, 4488 m which
c-rig valua rounds to 9.4
< 151 signif . one more slgnif- | 34 ft X 0,3048 m/fi
lcant digit of | icant digit = 10.3632 m which
orlg, value ' rounds to 10.4
6-9 < 1st zipnifi- same no, spnif- | 25 psi X 6.895 kPaf
cant diglt of lcant dights psl = 172375 kPa
orig. value : which rounds to 170
' (The {inal Ois not a
gignificant digit but
i3 tequired to pive
coerect magnitude)
> 1st signif- | one less signif- * | 10.5 yd X 0,9144
ivant digit of | icant digit mfyd = 96102 m
orig. value which rounds to

D6m

8.1.1 Rounding of Temperatures
Tomperatures can be rounded tu the nﬂmest whole dﬂgmu or a multiple

of whaole dopreos.

8.2 Hnunding of Tulelannad Vatues -
There aro several methods used to determine the numbor of signiﬂcant
- digits to be retained in converted values. Following ave three common prac-

tices,

8.2.1 Rounding loward

This practice rounds the converted values to within the range of the origi-
nal dimension and tolemnce. For example, 0.880 £ 0,003 Inch is 0.877 10
0.883 inch which equals 22.2758 to 22,4282 millimeters, Two.declmal plices
in millimeters could be considered comparable to three decimal places in
inches when considering the accuracy required and the measuring equiprent
that would be used in machining or inspecting this dimension, The 22,2758
te 22,4282 range would therefore round to 22.28 to 22.42. Note that the
lower limit is mundcd up and the uppet limit ig rounded down.

12
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The advantage of this practice is that absolutely every part meeiing the
converted ditmension and tolerance would alse meet the inch dimension and
tolerance. The disadvantage to this practice is that folerance s always de-
créased. In this example the tolerance reduction is 00124 mm (0.00049
inch), approximately 8%.

8.2.2 Rounding Based an Decimal Places

This practice assumes that the number of decun:ll placﬂs reﬂects the in-
tended precision. Millimeter dimensions are then rounded to one less place
than the inch dimension and tolerance, buf no less than a certain number of
decimal places - generally two decimal places. In this case 0.820 * 0.003 inch
equals 22.3520 £ 00762 mm, which would be 22.35 *+ 0.08 mm. The in-
crease in tolerancé is £ 0.0038 or a total of 0.0076 mm (0.0003 inch}, ar
approx. 5%. 0.75 = 0.01 inch equals 19.050 £ 0.254 mm which would be

19.05 + 0.25 mm, a decrease in total tolerance of 0.008 mm (0.00031 inch),
The practice of basing the number of decimal places in the converted value

on the number of decimal places in the original dimension presumes thai the
number of decimal places in the priginal dimension reflects the intended
precition. This practice may be most suitable for conversion of millimefers
to inches where the designer is aware that the dimenslons are to be con-
verted.

Whon converting millimeters to inches, inches would be expressed to one
mote decimal place than the millimeter dimensicn. Thus, when cxpressing
the width of a bracket, 150 mm could be shown and the conversion Lo 5.9
inches would be satisfactory. However, when showing the internal diameter
of a ball bearing, 150000 mm would be requircd to get & conversion to
58055 inches.

B.2.3 Rounding Based on Tutal Tolerance _
~ Using another practice, the number of decimel places is determined by the
size of the total toleraice applied to the dimension. The following chart may

ke used:
T_l.';tal Toalaranca . Convarted Valua
in Inches In Millimetars
Shall he Roundad To
At Legs
Loast Than
0.00004  0.0004 4 places (0.0001)
0.000 4 0.004 3 places (0.0Q1) -
0.Q04 0.04 2 places (0.01)
0.04 - 1 place {0.1)

0480+ 0003 inch eguals 22.3520 00762 mm. The total tolerance is 0.006
inch which is between 0.004 and .04 inch. Thus the dimension and tolerance
would be rounded to 2 decimal places, 22.35 £ 0.08 mm.
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8.3 Numerical Values in Formutas

Forrnulaz which use letter symbols to represent physical quantities should
be valid with any units used, However, 1n practice, formulas may have coef¥i-
. cients which contain unit converslon factors as-well as empirical or other
R factors. Such formulas are tailored for use with specific units, and the engi-

o neer may wish to “convert” them so that a specific sot .of SI units ¢an be used
dircctly. It is essential that any “unit-tailored” formula be ﬂCﬂGmpdl‘lell by
lear directions for correct ynits te be used,

#.3.1 describes a recnmmended method of hand]ing unifs. 8.3.2 descnhes
a method of converting l’urmulas which ccntam coefﬁcmnts orx empincal fs.-:—
tors which depend on the unifs usad.

8.3.1 If a formula is in unit-independent form, units can be most su'npl}-'
determined as numerical values are substituted,

“Exampte: The power which can be safely transmitted by a rotating,

" round shaft lspiven by

T
Pe—rDw
16- .

ity which
7 s the allowable shear strass ~

D isthe diameter of the shaft, R
“w Is the angular speed of the shaft

For the values

r = G000 Ibffin® =414 MPz =41.4 X 10* N/m?
P = 1060in=0.0254m

wr = 1000 rev/min = 104.7 rad/fs

the substitution Is carried out as follows:

a (6000 Ibffin® ) (1.00 in)® (1000 rev/min) (2r rad/rey)
P = = 18.7 HP
16 (12 infft)(33 000 £t « Ibffmin + HP) :

or,

E

. :
% (41.4 X 10° Njm*) (0,0254 r)® (104.7 rad/s)

13900 N - mfs -
13.9 kW '

Ll

The results agree since 187 HP

0.7457 kW
(H_[_ﬂ::— ) 139 kW, properly mundei

A check of the units should be made by algebraie “.cancell‘ing pnor io
carrying out of the multiplication andfor division.

K the formuls is 1o be used repeatedly to give horsepower in terms of
diameter in inches and angular speed in rev/min, with a shear stress of 6000

14
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psi, it may be “unit-tailored™ by inc{:-rpmating- the apprupriate.c{).nversiﬂn
factors with the #/16 and 000 psi as follows:

_ 7 {6000 Ibffin®) (2x rad/rev) D° w

T 16§12 infft) (33 000 ft + Ibffmin - HP)

D

" 53.5in’ - pm/HP

kt is sound practice to write the units of the facter 53.5; thus when values
such as D= 1.00 in and «w = 1000 rpm are substituted,

_ €1.00in)* (1000 rpm)
53.5in® - rpm/HP

= 8.7 HP

all units exeept HP cancel properly upon multiplication and division.

8.3.2 A formula may have the pencral form
A=K — Bg. 1

where K is a constant which may contain a unit conversion factor as well as
other factors, and A, B, and C represont variables measured in U.5. customary
units. If the conversion factors for these variables are a, b, c, then Kg (the
corresporling factor for the converted formula) can be obtained from

A, E{(i)m_ ; - Eq.2
) | |

Example: The power which can pe safely teansmitted by a rotating, round
shaf® is given as

D? (In) ¥ (tpm)
53.5 in* - rpm{HP

P(HP)=

where the following units will be used in the conversion of the formula:

custnmg}: EI_
P . HP ) kW
D in ©omin
N rptn radfs
|
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Applying th-: form of Bq, 2to Eq, 1 B

7. L) (%)
p 53.5\d 1

where p = 0:7457 kW
HP
d__‘_is,.#mm
m
_ wradfs _ o . radfs
30r/min Tt min
s that
Ksr =(0.7457) ('5"3?) (25 J (ﬂ 1047/
=%.12 X 1078

to prove, calculate in both systems:

D
n

tin D= 2%4mm
1000 tpm n = 104.7 radfs

L on

In customary system:

{100 iny® (1000 rpm)
53.5 in® « rpm/HP

= 18.7 0P

In SI:
P={8.12X 10° kW/(mm?® + rad/s}] (254 mm)® (104.7 radfs) = 13.9 kW

Proof;

(18.7 HF) (0.7457 kKW/HP) = 139 kW

SECTION 3, DIMENSIONING

There are strlet rules about dmﬁnsmnmg but fortunately they are very
s[mplu

1. In gonersi, product engineering drawings are dimensioned in millimeters

or decimal parts of a millimeter except for surface roughness which is

expressed in micrometers.
- 18
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. On drawings where very large items are depicted such a3 constructiofn

and archifectural, dimieasion. in meters and declmal parts of a meter
using thtee or more decimal places, s.g., 32 metars 40 millimeters
would be 321040 m or 32.040 (zee rule 3).

. If the drawing is dimensiened “all in millimeters or metexs,” this should

be indicated in note form: applicable 1o all references.

. Do mat use centimeters on drawings,
. The size of a millimeter should be kept in mind.

l mm= 1f25.4 in = 0.039 376 in, about 40-thousandths.
0.1 mm=0.004 in:
0.01 mm=4.0004 in

Dimensioning Lo more than two decimal plaecs In millimeters will be an
IO O OCCUTTETICE. :

&,

7.

Always leave a space betweernr the nuntber and symbol:

L71 mm net 1.7 1 mag,

When. uging five or move figures in tables and fext, space these as 10-000
or 100 900, Do not use eommas. The space should zlso he used with
quantitics of four fizures when eclumnized with quantitles having five
Or 1A0IC.

. Dimensional practice for drawings is. governed by ANSI Y14 5, Dimen-

sioning and Telerancing, published by ASME.*

. 'The use of tables is recommended where conversion of drawings s nec-

essary, with. dimensions areanged in ascending order of magnitude and
other parameters Jisted in the same manner but in separate colurnns.
These tables may be placed o separate sheets and may he generatad as
computer printouts. '

SECTION 10. UNITS QUTSIDE THE INTERMATIONAL SYSTEM

Units Used with the International System

Certain units which are not parf of ST are in widaspread use. These units
play such an imporiant part that they must be retained for gensral wse with
the International System of Units. They are piven in Table 5. It sheuld be
recognized that these units need not be supplemented by the equivalent SI
units uriless desired for clarity.

B o

*Bee Appendix 3.
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TABLE 5—UNITS IN USE WITH THE INTEHNATIUNAL SYSTEM

MNarme Symbol Valua in Sl let
minute min 1 min = 60 s

hour h Th=60min=3600%

day d 1d=24h=8640)s

dogree ¢ 1% = (w{180) rad

minute ! 1"=(1/60)* = (/10 800) rad
second 1" =(1/60) = (nf648 00D) rad
Hter ¥ 1L=1dm® =10 m®
metric ton t 1t=10° kp=1Mg

*Liter —Thia iz the apelling recommended by the ASME Metric Study Committee for use
tn ASMI publicaticn. The alternate speillng,_ ""Litre,"” mgy be used at the discretion of
tha guthor. } .

The international symbol for liter is the lower case “1”, which can easily be
confused with the numeral 1%, Aucurdmgly, the symbaol “L*" I recommend-
ed for United States use.

It is likewise necessary fo recognize, outside the International System,
some other unlts which are wseful in specialized flelds of solentific rescarch,
because thelr values exprossed in SI units must be obtained by experiment,
and are therefore not known exactly (Table 6).

TABLE 6—UNITS USED WITH THE INTERNATIONAL SYSTEM
IN SPECIALIZED FIELDS?

MName Symbol Magnitude
electronvolt eV 1602 19.% 10 ¥
unified atomic mass unt u 1,660 53X 107 ke
astronomical wnit =~ | AU - 149 600 X 10%m
paIsec pe 30857 X 10'% m

A Spocial Publication 330, p. 14 Natlonal Bureau of Standards. (Ses Appendix 8.}

SECTION t1. UNITS ACCEPTED TEMPORARILY -
In view of existing practice, the CIPM (1969) considerod it was preferable

to keep for the time being, for use with those of the Internationat Syatem,
the units listed in Table 7.

18
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TABLE 7—UNITS TO BE USED WITH THE INTERNATIONAL SYSTEM
FOR A LIMITED TIME

Name Symbaol Velue in Si Units
nautical mike 1 nautical mile = 1852 m
knot 1 nautigal mils per hour = (1852/3600)m/s
angstrom A 1A=010m=10""?m
are 2 1a=1dam? =10 m?
hectare ha 1 ha = 1-hm? = 10* m?
ham ) b 1 b =100 fm® =107 X 10°* m* = 107® p
standard atmosphere atm 1 atm = 101 325 Pa
gal(t} Gat 1 Gal = I emfs® = 107 m/fs?
curiglc) Ci 1Ci=37% 10" ¢!
réntgen(d R I R=2.58 X 107 Cfkg
rad(e) rad irad =107 Jfkp
‘bar bar {bar=0.1 MPa=10° Pg

(a) The barn is a special uoit employed in nuclear physes to axpress effective cross sectons.
)} The gal is & special unlt emplayed in peodesy and reophysics to express the aceeleration
fdus to gravity, i
{€) The curie isa special unit employed in nuclear physics to skpress activity of radionuclides
12th CGPM (1964) Resolution 7].
{d} The réntgen i3 a special unif employed to express exposure of X or v radiations.
{€) The rad Is a spacial unit-employed to expross absorbed dose of ionizing radlations. When
thera i risk of confusion with the symbol far radian, rd may be used ds symbo! for rad.

SECTION 12. UNITS NOT TO BE USED IN ASME DOCUMENTS

2.1 CGS . Units with Spacial Namas. Such units ara listed in Table &, on
next page. The CIPM discourages the vse of CGS* units which have speclal names.

12.2 Other UInits Generally Deprecated
As tegards units outside the International System which do not come under
Sectlon 10, the CIPM considers that it is genesally preferable to avoid thein, and

to use instead units of the International System. Some of those units are listed
in Table 9.

*OGS refers to the centimeter-gram-second systemn which has besn superseded hy the Si.

19
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T """  TABLE 5-CG5 UNITS WiTH SFECIAL NAMES"
{Mat to ba used in ASME pubiications)

" Name ~ Symbof Value in S Units
ery org 1 erg= 1077 ]
dyne ' dyn 1dyn=107% N
poise P 1P=1dynsfom? = 0.1 Pa-s
stokes St 15t=1em?fs= 107" m¥/s
rauLs {1, G 1 Gs corresponds Lo 107 T
oersted e 1 Oe coarresponds 1o lg ¢ Afm
maxwell fx 1 Mx corresponds Lo 1678 Wh
stilh sh 1 still = 1 edfem? = 16* cd/m?
phot ~ ph 1ph=10% 1x

: - - 35pecial Publication 330, p. 16, Natiunal Bueau of Standards, (Bee Appendix 8.)

TABLE 9—-0THER UNITS?

[Not to ba usad in ASME puhblications

Value in 5l Wnits

e e o L e A b 1 oRRam e —

1 fermi = 1 {m = 1078
1 metric cavat = 200 mg‘— 2 X 107 kg -

1 X unit- —-1 002 X 10" mm. 1ppm:-umate]}.r

Natme
fermi
mctric carat
torr 1 torr = 133.322 Pa
ldlogram-foree (kef) 1 kegf = 9.806 65 N
calorie (cal) -1 cal = 4,1868 ]
mlcron (1) Yu=1pm=10%m
X il
slere sty lst=1im? . >
gannna {y) S ly=1nT=107%T
gamma (%) Ty=1pr= 107" ke
lambda (&)

1h=1lpl=10"1

43 pecial Fublicatioh 330, pr. 17, National Buredu of Standards, (Sve Appendix 8}
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" SEGTION 13. SI UNITS FOR ASME USE

TAEBLE 10—-LIi5T OQF 81 UNITS FOR ASME USE
Dthequ nits or

Cluantity ___Unit* Symbol Limitations
Space and Time ' T
planc angle ' radian rad degree (decimalized)
golid angle sleradian i Can
longth thetar m nautical mile (navigation
only)
arca square meter e e
velume cubie meter m® . liter (L) for fluids enly
(Limit u3s to L and L)
{ce shall 1ot be used)
time socond 4 mimite {mind, heur (h), day

(d}, week, and yens

anpular velooity rudlan por second radfs “re
veloclty meter per second mfs kilometer per hoor (kmfh)
' ' for vehicle speed, knot for
navigation only
Parlodic and Ralated Fhenomana .- _ _
frequency hezlg _ " Hz (hextz = pycle per second)
rofational specd radian per second tadys rav. per second (1/5)
rev. por mingte {rfmin )
Mechanicy .
Miass kilogram ke A
fensify kilogram per crbic kgfm® e oa
meter ’
momenium kilogram-meter per kgmfs e m
second
wenient of momentum  kilogram-sguare moter kgm? fs
per second
angular momentuimn kilogram-sguarc meier  kgan® fa cae
. _ per secomd
accoleration ) mcter per sccond sl PR
squared .
mament of Ineréia klogram-squaie meter kg-m? C s
force newton N T
moment of force newlon-metes Nm
{torque) ;
pressure and stress pascal Fa {pascal=newton per suuare
mater}
viseosity {dynamic) pascal-second Pas ‘e
viscosity (kinemacic) square meter pet m? /3 . .-
' second '

“Conversion factors between 81 units and U.S. m.latuma:y units e gi'fm‘: in ASTM E3480.
(ANSI-Z210,1}. (See also Appendix 9.)
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TABLE 10—LIST OF 87 UNITS FOR ASME USE (Cont'd)
Other Linits ar

Symbal

Quantity Unit* Elimitations
Mechanlcs (Cont'd}
surlace tension newton per meter Nim P
energy, work Jauke J kilowatt-haur (kW-h}
pover wakk w ‘.
Impact strength Joule J P s
Heat
lomperaiura-thermo,**  kelvin K degrec Celslus (°C)
tamperatura—ather than _
thermodynamic** degree Celsius e ketvln (K)
[in.expansion coeff. metar pgr meter- Kt gt
' kelvin ' mi(rm-K)
yuantity of heat Joule ] .
heat flow rate watt : W PN
density of heat flow watt per meter sguared Wim® e
rate
thermal conductivity watt per meter-Eelvin - W/im-K) WHm"C
coeff. of heat transfer  watk per meler- Wim*K) WAm?"{)
. squared-kelvin
_ heat capacity joule per kolyin MK Irg
specific heat capacity  joule per kilogram- Hikg:K) Tike"C)
kelvin
specific energy joule per kilogram Jikp - .
specific enthalpy kllojoule per kilogtam k3 kg v
specific enfropy - kilojoule per kelvin-  KINK kg) N
: kilogram
heat rate kilgjoule per kilowatt  kH(EW 2}
second :
Electricity and Magnetlsm. g
glectzic current ampere A , i
electric charge coulomb [ .
vol density of charge coulomb per meter Ofm? .-
cubed )
sur. density of charge  coulomb per meter  Cfm?* .
squarad
eleniric field strength volt per meter Yim .
electric patentiak volt L "y
capacitance farad F .
current density ampere pey meter Afm? P
squared _
magfield stremgth arnpere per reter Alm -
mag.flux densdty tesla T -
magnetic flux weber Wh .
self-inductance hensy H .
permeability ‘henty per mater Him s
magnetization ampess per meter Afm e

*Canversion factors between ST units and 1.8, customary are given in ASTM E380,

{ANSI Z2210.1).

&*Proferred vse for tampoeratues and femperature intorval s degrecs Celsing (*C), except for

thermodynamle and ceyegenic work whers kelvins may be mors suitable. For tempera-
toge inferval, 1 K = 1°C exactly.
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TAB[LE 10-LIST OF Bl UNITS an AEME UBE |Gont'd|

Othar Units or

Quantity ) Lnjt* Efmhl::ll Limitatlons -
Electricity and Magnetigm {Cant'd)} '
resistance, impadanca afim I - FEEN
conductance sismens : 5
cosistivity ohim-meter, im
conductivity . siomens per meter 5/m
rehigtaics  ampere per weber [T
Liphkt )
luminows intensliy candela cd P
Imninous flux lumen im
iiluminglion lux Ix
luminance candela per meter- cd/m*
squarcd

Copyright by the American Society Of Mehanical Engineers
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*Ebnuerslcm factors between 81 units and 1.5 uustumary units arg given in ASTM L3380,
(ANS] Z214k1).

SECTION 14, INTRODUCING SIUNITS IN ASME PUBLICATIONS

141 It is the policy of ASME that SK units of measurement should be in-
cluded in alf new papers, publications and revislens of ASME standards,

14,2 Bach ASME committee shall have the option of giving preference to US,
customary or SI units.

14,2,  'When preference is gwen ta SI units, the UK, customary unjts may
be amitted o given in parentheses.

14.2.2 When U.5. customary units are given preference, the 31 equivalent
shall be given in parenthesss, or in asupplementary table a5 described in Section
15,

14.3 The systein of units to be used in referee decislons shall be stated ina
note in each standard. For example, the note should read as follows when U.S,
customary units are to be used:

Note:  The values stated in U.S. customary units sre 1o be regurded as the
standard. '

14.4 The calculated SI equivalent for 2 U.S. customary value should be

rounded to the proper number of significani figures as déscribed herein and in
ANST Z210.1. No atfempt should be made to change to different values which
arc used 01 may be adopted by ather countriss, except as covered in 14.5 below,
14,5 In standards that have alternative or optional procedures based on in-
struments calibrated in either U.8, customary or 51 units, converted values need
not be included. If the optional procedures or diménsions produce equally ac.
ceptable results, the options may be shown slmilarly te conversions using the
word “or” rather than parentheses; for example, in a 2-in page length rootal
tenslon test specimen, the gage length may be shown as “2 in or 30 mm™.

23
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14.6 A specific ¢quivalent, for oxample, 25 mm 1.0 In), need be inserted
only the first time it occurs in each paragraph of a standard.

14.7 Conventions for use of SI and US. cusfothary units may differ. The
equivalent expression should always be conslstent with the units used, For ex-
amplis, liters per 100 kilomaters vs miles per gallon (mpg), men pitch (which is
the erest-to-crest distance between two successive threads) vs threads per tnch {tpi),

14.8 For methods of including SI equivalonts in ‘tables, sec Section 15.
. 143 Onsimple illusirations the SIequivalents may be Included in p'arre.n_theses.
On more complicated iflustrations the dimensions are preferably indicated by
letters and the corresponding $1units and U.S. customary shiownin an accompany-
ing table, In the case of charts or graphs, dual scales may be used to advantags.

14.1¢ The need for SI equivalents can be avolded for tolerances if they are
expressed in percent, -

SECTION 15. INTRORUCING SI LNITS IN TABLES

16,1 Case 1, Limired Tabular Material. Provide SI equivalents In tables in
parentheses or in separate columny. Example is given in Appendix 1.

15.2 Case 2, One or Two Large Tables. When the size of a table and limita-
tions of space {on the printed page) make it impractical to expand the table to
inelude 81 equivalents, the table should be duplicated in U.S, customary units and
S1 units, Example is given in Appendix 2, If thiv procedure resuits in increasing

- the size of the stondard significantly, it may be desirable to apply Case 3.

L 18.3 Cigse 3, Fxtensive Tabular Material, Prepare a summary appendix listing

Ce all of the units that appear In the various tables, as shown in Appendix 3, or
consider the uso of footnotes, as thown in Appendix 4,

SECTION 16. METHODS OF REPDORTING 51 EQNVALENTS FOR
‘EXISTING STANDARDS UNDER REVISION

181 For text material in draft preparatiml show the SI equivalent in the .
margin,

16.2 For tables insert the SI equwalents when there fs sufficient space as
illustrated. Example given In Appendix 5.

16.3 Tor tables where space docs not permit the 8I equivalents to be written
i, retype the table,

16.2 Por new illustrations it is preferable to Indicate the dimensions with
]etters while tabulating both inch and SI values, Exampls given in Appendix 6.

16,5 Por existing Hlustzations a tabulation of S equivalents of custoniary
units appearing In that illustration maj,-' be inserted beneath the illustration. Bx-
arnple given in Appendix 7.

24
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- - APPENDIX 1 '

S T

SHALL NOT EXCEED
NOMINAL THREAD DIA -

\_' . DIA OF UNTHREADED
: PORTION OF SHAFT

Example for Case 1

STHAIGHT WHEEL GRINDERS

H L—In. {mm) R
3/82¢ UNF-2A " "1.1/8  (28.6) o |
/213 UNC-24A . 1-3/4 (444) . Governed hy .
5{8-11 UNC-2A 2.1/9 (54.0) thickness of -
5/8-11 UNC2A ~  31/8 (794)  wheeluded

3/4-10 UNC-24 3-1/4  (32:6)

kExample far Casg 1--Alternate Methad
STRAIGHT WHEEL GRINDERS

H . L—In, L—mm R
3/8-24 TINF-2A 1-1/8 28.6
1/213 TNG-2A 1-3/4 44,4 Governed by
5811 TTNG-24 2.1/8 54.0 thicknass of
5/811 TINC-2A 3-1/8 7904 whee] nsed

3/4- 10 TNG.2A 3-1/4 82.6

1
Sl .‘
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APPENDIX 2

Exampls for Casa 2

=~ PFin Qiametar

— Inzide Diamitar of Barral .

=~ Inside Widrh far Sprocket Contect
— Chaln Heigh

Barral Outside Dlarmeter

— Pln Head to Centerling

= Pin Head to Canterling

— Riveted Head 1o Centarfine

— Chaln Piteh {This Is a Thaer, fiel. Dimen. yaed for
bagic catoulations.]

¥ — Etreight bedare bend — barrgl end

T - Streighl batara band — pin end

Y —= Sldebar end Cleprance Radiuz — pln end
W'~ Sidepar end Clearance Aadius - barrel ang

X ~ Width of link at Bawrel end extahding 10 a poing u:n the : ot | I, i
pitch lirn T inches from the centarline as shown,

Z = Width babween Sidebers at Fin End éxtending ta a
paint on the pileh ling T* inches from the center|ing 83
thawn

b2 - - O - -
E|

Pitch
Line
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APPENDIX 2 {Qont'd}

Example for Casa 2 {Cont’d}

GENERAL CHAIN DIMENSIONS, PAOOF TEST LOAD, STRAND LENGTH, AND
MEASURING L'I:!.MFIL FOR CHECKING CHAIN. LENGTHS

Dimansions. in Inches
Chain No. HEd _H?-_l HYE H?B .H.BE Hi24
P T 2308 2609 2609 2809 3075 4,000
A 0312 0375 031 0500  0.562 0.750
F .73 1.00 0,15 £.12 1.25 1.56
H 0.75 088 0.72 0.88 119 1.44
Praof test load {fb) ' :
Class M 2800 4000 2BBGC 6400 8000 12000
Class P _ 9500 5000 3500 R000 104000 15000
No, of pitches per nominal - '
129 in, strand 52 46 45 46 39 30
Theoretical tength of nominal
120 in. strand 120002 120,01 120.001 12001 11992 120,00
Measuring load (b)) - . 190 310 190 430 540 a10
Dimensions in Millimaters
Chain Na. HEO H74  H7S H74 A2 H124

3 $8.62 6627 6627 6627 7810 10160
A 792 95%F 792 1270 1427 19.05
13 185 254 100 28B4 318 39.6
H 190 224 183 224 302 3.6

Froofl teat load (kilonawtons)

Clags M 12,5 17.8 1.5 28.5 35.5 534

Class P : 15.6 22.2 15.6 35.6 44.5 66,7
Mo, of pitches per fismingl L _

3048 oy Jtrand 52 45 46 46 39 30
'Thearetical length of nomined '

3048 mm strand 30485 30483 30483 304583 30460 304840

Measuting load (newlons) . 830 1 200 850 1910 2400 300

27

cownd
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APPENDPIX 3

' Exampla far Case 3—Listing of All Unlta Appegring in a Dogument

. :RELIEF HOLE o . —
(o] F A o ‘FLUID PRESSURES
mm in. ' ' Tt kiPat nsi
32 0.126 - 105 - 152
4 . 0157 - . o 210 30.5
- 58 0,228 - . : 415 60,2
- 8 0312 : 670 - 972
9.5 0374 1050 : 152
12 0472 - . _ 2100 304
1475 0.581 . 4150 - 602,
17.5 0.689 _ H900° _ 1000
205 0.807 o [
S : *Absoluic or page,.as
23775 0,935 : : apprapriate,
27 L.063 : : ; =
in. Hy
kPo 80°F
TOLERANGE oo _ : . -
— . 1.5 0.44
mm in. _ 3 o 0.9
025 . 0010 7 &
. : . .10 . .30
STRESS 35 104
. 50 . 148
MPa poi )
. . kPa Uit H,0
6.7 _ 970 _ ' "80°F
10 1500 | —————
20 3000 Q.1 - 04
0.5 ) 20
41 5900 D 4.8
70 - 10200 ' '
100 - 14500 : 25 T 62
5 20
203 28 7
413 60 200

670 97 200

28
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. APPENDIX 4

Example far Casg 3—UIse of Footnotes
DIMERNSIONS AND WEIGHTS OF WELDED AND SEAMLESS STEEL PIPE

|

Size Identification
Plain
Wail Eng Standard {3TD)
Mominal c.D, Thickness Weight AP Xatrong{¥5) Bched.
{in.] lin.} {in)* {Icfit)**  Standard XX-strong(XXS) Na.
0,083 247 al. SLX
0.10% 3.22 5L ALX
0.125 307 5L SLX
0,141 4,12 5. ALX
_ 1156 © 4,53 SLX
0.3a80 R.40 SLX
1,203 5.70 5L S5LX STD 40
1.216 G.13 51X
1,250 7. SLY ) . '
0.276 T.00 5L SLX X5 80
0373 .. 1601 - 100
D552 13409 5L SLX XX5
0.083 .03 51, 51X
10w 3.93 5L SLX
1,125 4£.51 5L, SLX |
0.14F 5.0a 5L SILX
#.156 .. 5.57 5L S5LX
: 0188 G6F 8L &5IX
0.216° it sl ®LX 1D 40
.230 8.04 8L 5LX
251 %.66 5L 51X
0. 300 1025 - BL 5LX XS - B
G438 14.32 160
0.a00 18.58 6L 5LX XX8
0.3 347 . Bl BLX .
AL 4.53 X
0.125 5.17 8L H1X
: 8141 581 BLX
0.172 703 LY
0.188 7.65 " 5L 5LX B
0.226 n.1] ol 5LX ~ S1D £
0.2510 10.01 L 5LX- ST '
0,281 1.1 5L 5LX _ ;
0318 1250 5L 51X XS 80

*7 in. = 25.4 mm
% Ibff1 = 1.49 ke/m
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APPENDIX 5

- GlassHication 10 X 20
No. . MNX 24

Plant Equipment

Code 3416-13

Y

LIGHT DUTY CONSTRUCTION--DESIGNED TO USE AT LEAST 1% HP (1.1 kw)

AT THE WHEEL
- Dascription Spacification
| A~Swihgework plearance dianoter { mii} - 181in (254 mm)
B--Distance between centers {miin) 20 — 24in {508 —- 610 mm)
C— Grinding wheel diameter and width (min) 10X 1in {254 X 25,4 mm)
D--Osinding wheel hole dize {5e¢ Note 2)
E—Headsteck and footstark center taper Jarno
F-Distance ¢, to bottom of machine (recommended) 42 in (1078 mm)
GGrinding wheel spindle drive mobor {min) ik HP {1} kW)
H—Whee! head swivel {min) R &L
g 30
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APPENDIX 6

SPINDLE FOR GEARED CHUCK

fe ..

.
i
1
- o] 1
THREADED GHUCKS
INGH
Nominal Dia - B C | D* |
and Thread Max. Min Min Min Nom
3824 - 0385 Q380 0115 19/32 5/8 .
1/2 20 0.510 0.503 0.115. 19/32 7/8
5/8 — 16 0.635 0.629 0.146 =~ 25/32 1-1/8
34— 16 0.760. 0.754 0146 1316  1.1/4
*Referance Manufactt,ﬁﬂr's Pmcti-:e.- .
MILLIMETER a!
Nominal Dia & A B c B* -
Thread {Inchy  Max Min Min Min MNam
3/8 — 24 9,78 9,65 297 15.1 158 i
1/2 - 20 i29 12,8 2972 15.1 22.2 B
5/8-16 181 16.0 371 19.8 28.6 3
34— 16 19.3 192 - 371 20.6 31,8 ;
*Beterenee Manufzeturer's Practice, EI
33
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. APPENDIX 7
52,000 ey
50,000 1 1
48,000
i
14,000 : Sow
-1;{-
40,000 ' i
“ )
3 3000 i ~
=
4 22,000 . >
< oo0 | 2254 32000
A}
& 28,000 oyt
S
: 5
x n4a.000 o "N —
a. .
- -El,lcn:l-::l - 18,5% AAIL _ e
2 20,000 —— N
2 . 18,000
£ 16,000 hs 000 —-15# GalL —t——t———
' : F f )
12,060 )11 900 124 RALL ™ - '
1'1;100"'3 1|1nrJHA|!L -.-_:"."'_,:"-_-—5:“'3'1
E‘DQD | N T . . . ——
5,500 3 L# - (2000
a,000] ' . RAIL aoo0] | ]
: : e 2,300
o4 & & T a8 9 . -1 iz .14 d

BRACHET 5PaCiNG IN FEET

MAXIMUM WEIGHT OF CAR WITH RATED LOAD 0A OF COUNTERWEIGHT
WITH SAFETY FOR A PAIR OF GUIDE RAILS

11h= 0.454 ke
10e= 3048 mm

32
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APPENDEX 8
Applicahle_l’uhlimtinns ;
I8Q (Order from ANSI)

R 370 Conversion of Toleranced Dimensions from Inches into Millimeters
, and. Vice Versa, :
100 Rules for the Use of Units of the International System of Units. - =

ASTM—American Society of Testing Materials, 1916 Race Sireet, Philadelphia,
Pa. 19103,

Instructions to ASTM Techndcal Chr_mnﬁteas on Metric Converslon, Prepared
by ASTM Special Committee on Metric Practice as an Adjunct to Metric
Practice Guide E380, '

B30 Metric Practice Guide

1.3, Depattment of Cominerce

NBS SP 330 The International System of Units (SD Cal. No.C13,10:330/4).
Order frem: Supsrintendent of Documents, 1.8, Government Printing
Office, Washington, D.C. 20402, (Ordet by SD Catzlog No, 13,10:330/4.)
— Stock Number 003-00301784-1)

ANSI-American National Standards Institute, 1430 Broadway, New York, N.Y,
(G018,
Z210.1-Metric Practice Guide (same as ASTM [1380).
SAH—Snciaiy of Automotive Engineers, Inc., 400 Commanwealth Drive, Wasren-
dale, Pennsylvanla 15086, ' T
Rules for the Use of SE (Metrle) Units in SAE Reporis.
ASME—The - American Sociat}r of Mechantcal Engineers

Unitod "Engincering Center, 345 East 47th S_ti‘eet,
New Yark, N.Y. 10017

¥14.5—-1973 BPimensioning and Tolerancing

33
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_ APPENDIX 9

Commaonly Used Conversion Factors (for others, see ASTM-380)
Cuantity Conversion | | | #acmr” -
Flans angle dogres fated 1.745 329 E-02
Length intom 2.54% B2
ftiom 3,048  E~01
mile to m 1,609 344¥E+03
Aren in* tom? 6451 GOD*E—{4
fi* tom? 9,290 34*E—02
Volume £t* te m? 2.831 ¢85 E-02
U8 gallon fo m? - 3.785 412 E-0)
in® tom® 1,638 706 E—05
ozifluld, U8) to m? 2.957 353 E-05
liter tom? 1,000 006 L~03
Velocity ft/min to m/s 5.06*  E-03
ftfese to mfs. 3,045% E-~01
kb to myfs 2777 T8 B0l
milafh fo mfs - 4470 4% E.}
o mila/h to kmfh 1,609 344*E+0D
Mass oz{avolr) to kg 2.834 952 B-02
Ibiavoir) to ke~ 4,53% 924 E-01
slug to kg 1459 390 E+0)
. Accaleration ftls? to mfs 3,048* E-0I
atd. pray,  m/s? 9.806..65% L+00
Fotee kef oo N 9,806 65*% E+00)
hfoN 4445 222 B+00
poundal te N 1382 550 E-01
Bending, Torque kaf-m {0 Nam 9.806 65% E+{0
Ibf-in to Nem 1.129 B48 E~01
Ibi-£t ta N-m 1'.355 818 E+00

The factars ara writien a¢ a number greater than one and legs ther len with six or
Yoss decimal placos, Fhe number js followed by the letter F (for ¢xponent), a plus or
minus symbol, and two digits which indjeate to power of 10 by which the number must
be mblfiplied fo obtain the correct value,

For example

*Relationships that are exact in terms of the base vnits,

Copyright by the Amerian Society Of Mechanical Engineers
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APRENDIX 9 {Cont'd]

Commonly Used Conversion Factors (for others, see ASTM E—~380)

Quantity Conversion Faeter

Prassute, strass kgffm?* 1o Pa 2,806 §5* E+Q0

poundal{ft? toPa - - 1488 164 E+Q0

IbE/Ee? to Pa 4.788 026 E+Ci

Ibffin® o Pa 5894 757 E+03

Energy, work Btu{I'T) to ¥ 1.055 056 E+03

CelorjedIT) 1o J 4186 B* E+30

frlbf o ¥ 1.355 818 E+00

Power hp(550 fi Ibffs) to W 7456 999 E+02

Temperaiuse * "Co X ' tgr=tap+ 27315
oK Iy = (topr + 459.67)/1.8

“Fto°C. teop = (tog - 32)/1.8
Temperaiuge “Cto K ' 1.0* E+00

iriterval *Fro K a1 °C 5.555 356 E-D1

"I should be converted 1o *C. Absolute temperatures should bs convarted to K.

33

Copyright by the American Society Of Mechanical Engineers
Thu Sep 17 15:56:03 1998



‘dwag _.u_-m.. -G e
MtINLTT] . - . : e
fLd epws T oW 98 s aF 95 W TL0ODEL WD R 021 QE LG ME i) Zid neeye g L 4 L ERe o
0r  GlEVE T 77T T OO B £ B % LET BEL. 0K Egt i | ot GlEWE #ed l i -3 .6_
40 SEPWES T TG Tttt ottt Tt Gy £ E R L6 56, GA [IF:]4 AT (E30 (2] {2} 2 GETWS A | 1
capy oM O35 520 D09 525 QS5 G2 005 Gew 08F G%r OO SiE 0SC  GZE edm SN . sy oy wey oy oy uemsodmog
- “mdg . Qlf)f— @|I5uB]  —PErA ) “aadg  Jnpy  dnms g |Eukla
. uiE o Uy
4, Bupasna] Loy Bunirsde L 19 1 ’ “Jady  Tadn

ASME SI-) 47 EE 0?59b70 0083983 4 MR

1

BdiN-SIVISYSYOTN NI Jmmhw ACTIY BT ONY NOEYHYD
I.Uu_ NOIZNIL N SNTIVA SS3HLS mAmig_DJJd. WNWXYN YU0d FTEVL TT0WYE

ol x_nzm_&_q

Copyight by the American Society Of Mechanial Engineers

Thu Sep 17 15:56:03 1998



§1-1 ASME Orientation and Guide for Use of 81 {Metric) Unlts —
Minth Edition

Baock No, EDNOSE

8I-2 ASME Text Booklet — 51 Units in Strength of Materials —
Second Edition
Book No. EQGO82.

81-3 ASME Toext Booklet — 81 Unite in Oynamics
Book No. EQUOE3

§1-4 ASME Text Booklet — 51 Units in Thermodynamics
Book Na, EDQDB4

81-5 ASME Text Bookiet — 51 Unlts in Fluid Machanics
Eook Mo, EQQ0AS

81-& ASME Text.Booklet — 81 Units in Kinematics
Book No. EQOOBG

81-7 ABME Text Haolklet — 51 Einits in Heat Transfer
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