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CONVERSIONS BETWEEN U.S. CUSTOMARY UNITS AND SI UNITS

Times conversion factor
U.S. Customary unit Equals SI unit
Accurate Practical

Acceleration (linear)

foot per second squared ft/s2 0.3048% 0.305 meter per second squared m/s?

inch per second squared in./s? 0.0254* 0.0254 meter per second squared m/s?
Area

circular mil cmil 0.0005067 0.0005 square millimeter mm?

square foot fi2 0.09290304* 0.0929 square meter m?

square inch in2 645.16* 645 square millimeter mm?
Density (mass)

slug per cubic foot slug/ft} 515.379 515 kilogram per cubic meter  kg/m?
Density (weight)

pound per cubic foot 1b/ft3 157.087 157 newton per cubic meter N/m3

pound per cubic inch Ibfin.? 271.447 271 kilonewton per cubic

meter kN/m?

Energy; work

foot-pound ft-1b 1.35582 1.36 joule (N-m) ]

inch-pound in.-1b 0.112985 0.113 joule J

kilowatt-hour kWh 3.6% 3.6 megajoule MIJ

British thermal unit Buu 1055.06 1055 joule J
Force

pound b 4.44822 4.45 newton (kg m/s?) N

kip (1000 pounds) k 4.44822 4.45 kilonewton kN
Force per unit length

pound per foot Ib/ft 14,5939 14.6 newton per meter N/m

pound per inch Ib/in. 175.127 175 newton per meter N/m

kip per foot k/ft 14.5939 14.6 kilonewton per meter kN/m

kip per inch k/in. 175.127 175 kilonewton per meter kN/m
Length

foot ft 0.3048* 0.305 meter m

inch in. 25.4% 254 millimeter mm

mile mi 1.609344+* 1.61 kilometer km
Mass

slug 1b-s2/ft 14.5939 14.6 kilogram kg
Moment of a force; torque

pound-foot Ib-ft 1.35582 1.36 newton meter N-m

pound-inch Ib-in. 0.112985 0.113 newton meter N-m

kip-foot k-ft 1.35582 1.36 kilonewton meter kN-m

kip-inch k-in. 0.112985 0.113 kilonewton meter kN-m




CONVERSIONS BETWEEN U.S. CUSTOMARY UNITS AND SI UNITS

*An asterisk denotes an exact conversion factor
Note: To convert from Sl units to USCS units, divide by the conversion factor

Times conversion factor
U.S. Customary unit Equals SI unit
Accurate Practical

Moment of inertia (area)

inch to fourth power in4 416,231 416,000 millimeter to fourth
power mm?*

inch to fourth power in4 0.416231 X 10— 0.416 X 10—6 | meter to fourth power m4
Moment of inertia (mass)

slug foot squared slug-ft? 1.35582 1.36 kilogram meter squared  kg-m?
Power

foot-pound per second ft-Ib/s 1.35582 1.36 watt (J/s or N-m/s) W

foot-pound per minute ft-Ib/min 0.0225970 0.0226 watt W

horsepower (550 ft-1b/s) hp 745.701 746 watt w
Pressure; stress

pound per square foot psf 47.8803 47.9 pascal (N/m2) Pa

pound per square inch psi 6894.76 6890 pascal Pa

kip per square foot ksf 47.8803 47.9 kilopascal kPa

kip per square inch ksi 6.89476 6.89 megapascal MPa
Section modulus

inch to third power in.3 16,387.1 16,400 millimeter to third power mm3

inch to third power in3 16.3871X 106 16.4 X 106 meter to third power m3
Velocity (linear)

foot per second ft/s 0.3048* 0.305 meter per second m/s

inch per second in./s 0.0254* 0.0254 meter per second m/s

mile per hour mph 0.44704* 0.447 meter per second m/s

mile per hour mph 1.609344* 1.61 kilometer per hour km/h
Volume

cubic foot ft3 0.0283168 0.0283 cubic meter m3

cubic inch in3 16.3871X 106 16.4X 10~% | cubic meter m?3

cubic inch in3 16.3871 16.4 cubic centimeter (cc) cms

gallon (231 in.3) gal. 3.78541 3.79 liter L

gallon (231 in.3) gal. 0.00378541 0.00379 cubic meter m?3

q
Temperature Conversion Formulas  7(°C) = ;Q[T(GP} —32]=T(K) —273.15

I(K)= ;;[T(:'F) —32]+273.15= 1(°C)+273.15

D s D en e o
T("F)Z?T(“CJ+33— —I(K) — 459.67

3




SELECTED PHYSICAL PROPERTIES

Property SI USCS

Water (fresh)

weight density 9.81 kN/m? 62.4 Ib/f?

mass density 1000 kg/m? 1.94 slugs/ft?
Sea water

weight density 10.0 kN/m? 63.8 Ib/ft3

mass density 1020 kg/m? 1.98 slugs/ft®
Aluminum (structural alloys)

weight density 28 kN/m? 175 1h/ft3

mass density 2800 kg/m? 5.4 slugs/ft3
Steel

weight density 77.0 kN/m? 490 1b/ft

mass density 7850 kg/m? 15.2 slugs/ft?
Reinforced concrete

weight density 24 kN/m? 150 Ib/ft3

mass density 2400 kg/m? 4.7 slugs/ft’
Atmospheric pressure (sea level)

Recommended value 101 kPa 14.7 psi

Standard international value 101.325 kPa 14.6959 psi
Acceleration of gravity
(sea level, approx. 45° latitude)

Recommended value 9.81 m/s? 32.2 fi/s?

Standard international value 9.80665 m/s? 32.1740 fi/s?

S| PREFIXES

Prefix Symbol Multiplication factor
tera T 1012 = 1000 000 000 000
giga G 100 = 1 000 000 000
mega M 100 = 1.000 000
kilo k 100 = 1 000
hecto h 102 = 100
deka da 0 = 10
deci d 10 = 0.1
centi c 1072 = 0.01
milli m 1073 = 0.001
micro L 1076 = 0.000 001
nano n 1077 = 0.000 000 001
pico p 10712 = 0.000 000 000 001

Note: The use of the prefixes hecto, deka, deci, and centi is not recommended in SI.
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Spur Gear

Teeth are straight and parallel to shaft axis. Transmits power and motion

between rotating two parallel shafts.

(Features)
( 1) Easy to manufacture. ( 2) There will be no axial force.

( 3 ) Relatively easy to produce high quality gears. (4 ) The commonest type.
(Applications]

Transmission ¢ omponents




Helical Gear

Teeth are twisted oblique to the gear axis.

}T Helix angle

\W

Left

The hand of helix is designated

as either left or right.

|
T

Z

1
T

Right hand and left hand helical gears mate as a set. But they have the
same helix angle.
(Features)

(1) Has higher strength compared with spur gear.
( 2 ) Effective m reducing noise and vibration compared with spur gear.
( 3 ) Gears 1n mesh produce thrust forces in the axial directions.

[Applications]

Transmission components, automobile, speed reducers etc.

The rack 1s a bar containing teeth on one face for meshing with a gear.
The basic rack form is the profile of the gear of infinite diameter.
Racks with machined ends can be joined together to make any desired

length.

(Features)
( 1) Changes a rotary motion into a rectilinear motion.
[Applications]

A transfer system for machine tools, printing press, robots, etc.




Internal Gear

An annular gear having teeth on the inner surface of its rim.

The internal gear always meshes with the external gear.

[Features)
( 1) In the meshing of two external gears, rotation goes in the opposite direction. In the
meshing of an intermai gear with an external gear the rotation goes in the same direction.
(2) Care should be taken to the number of teeth when meshing a large (internal) gear with
a small (external) gear, since three types of interference can occur.
( 3 ) Usually internal gear is driven by external (small) gear.
(4 ) Allows compact design of the machine.
(Applications]

Planetary gear drive of high reduction ratios, clutches etc.

Bevel Gear

One of a pair of gears used to connect two shafts whose axes intersect. and

the pitch surfaces are cones.

Pitch cone

Teeth are cut along the pitch cone. Depending on tooth trace bevel gear is
classified:

1) Straight bevel gear

2) Spiral bevel gear

A simple form of bevel gear having straight teeth which. if extended
inward. would come together at the intersetion of the shaft axes.

(Features]

( 1) Relatively easy to manufacture. (2 ) Provides reduction ratio up to approx. 1:5.
[Applications]

Machine tools, printing press, etc. Especially suitable for a differential gear unit.




Screw Gear

A helical gear that transmit power from one shaft to another. non-parallel.

non-intersecting shafts.

(Features]
( 1) Used in a speed reducer and/or a multiplying gear.
(2 ) Tends to wear as the gear come in sliding contact.
( 3 ) Not suitable for transmission of high horsepower.
[Applications]
Driving gear for automobile. Automatic machines that require intricate movement.

Worm Gear Pair

Worm is a shank having at least one complete tooth (thread) around the
pitch surface; the driver of a worm wheel.
Worm wheel is a gear with teeth cut on an angle to be driven by a worm.

/ Worm Wheel

(Features]
( 1) Provides large reduction ratios for a given center distance.
( 2) Quiet and smooth action.
( 3) A worm wheel is not feasible to drive a worm except for special occasions.

[Applications]
Speed reducers. anti-reversing gear device making the most of its self-locking features. machine tools.

indexing device, chain block. portable generator. etc.
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"Module" is the unit of size to indicate how big or small a gear is. It is the ratio of the reference
diameter of the gear divided by the number of teeth.
d Reference diameter

Thus: 4 = = (Module =
z Number of teeth
The mutual relation between the module and the reference diameter ete. 1s as follows:
Reference diameter d = mz ( Reference diameter = Module * Number of teeth )
d = Reference diameter
Number of teeth 7= ( Number of teeth = )
m Module
Reference pitch p=mm ( Reference pitch = 1 x Module )

Then. what is the reference pitch?

It is equal to the circumference divided by
the number of teeth.

Circumference (nd)

Reference pitch= ———— ~ -
Number of teeth (z)
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Hydraulic and Pneumatic Systems
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VOLUTE CASING
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.Directional Valves 4l Glalaa o
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Spring returm Detent Lever Push button Foot pedal
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Adjustable Pressure
restrictor compensated
valve flow control valve
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Proportional Valves and Servo valves
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Upper polepiece
Motor coil
Amature
Magnet
Flexure
sleave
Flapper Feadback wire

Nozzle

Spool Hydraulic

i amplifier
Bushing filter
Nozzle-flapper servovalve (Moog).
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Jet-pipe servovalve scheme.
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Proportional pressure relief valve (Bosch Rexroth).
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