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Measurements

Measurement – assigning a number to an object or event to try 

and quantify a quality of that object. Usually based off of a 

standard. 

 There are two main standards used in the shop, 

English and SI (or Metric). Learn both, as they are used, and 

you will have to convert between them. 

 ***Make sure you know what units you are working in, and 

always specify your units in part drawings***

Measure Metric English

Length cm in

Weight (mass) kg lb

Volume cm3 in3 



Measurements - Length

 The inch measuring system looks like this: 

 1.000 = one inch.

 .100 = 100 hundred thousandths of an inch.

 .010 = ten thousandths of an inch.

 .001 = one thousandth of an inch.

 .0001 = one ten thousandths on an inch, also referred to as a 

“tenth” by machinists. (smallest we can measure in the shop)

 .00005 or 5-5 = 50 millionths or not commonly called 500 

thousandths of an inch.

 .000001 or 1-6= one millionth of an inch. (what the Center for 

Precision Metrology measures)



Measurements - Length
 The metric system is famous for its prefixes: 

craftsmanspace.com



Measurements - Length

3 main tools we use in the shop to measure length

Tape measure

Calipers

Micrometer



Tape Measure

 This measuring instrument is meant for large distance 
measuring with accuracy up to about 0.032” (1/32”).

 Tape measures can come in inches, or in the metric 
system, or both on the same tape. 

 Tape measures have a metal tab on the end of them. It 
is used to grab on the end of something or butt up 
against something you’re measuring. This tab is loose 
and moves the thickness of the tab to compensate for 
inside or outside measurement. 

 Tape measures around the shop usually limited to 
around 24 feet. 

Measurements - Length

FatMax Tape, www.Stanleytools.com



Tape Measure

Measurements - Length

A quick guide to reading a tape measure, www.howtoaustralia.com

1” 1½“ 2”

1⅛” 

11/32” 

11/16”

1¼” 
1¾“

A quick guide to reading a tape measure, www.howtoaustralia.com

***Might show 

up on a quiz***



Dial Calipers

 This measuring instrument is meant for accuracy up to 
.001”, however its really more like .002” or .003” if the 
instrument is worn, or the user pushes too hard.

 Dial calipers can come in inches, or in the metric system. 

 Calipers can make inside, outside, and depth 
measurements. 

 Calipers can also come in a digital display that will do both 
measurement systems. 

 If you are looking for high accuracy inside measurements 
of a bore, this is not the tool. They have flats on the gauge 
tips and will not reach the true surface. 

 Dial calipers usually are found in 3”, 6” and 12” lengths 
(maximum measuring distance)

Measurements - Length

Starrett 120A-6 6-inch White Dial Caliper, www.toolking.com



Measurements - Length

Reading dial caliper 

examples

 English dial calipers
 2nd example

 Metric dial calipers

Dial calipers

http://www.wisc-online.com/objects/ViewObject.aspx?ID=MSR4303
http://www.stefanelli.eng.br/en/dial-caliper-pachymeter-calliper-simulator-inch-one-thousandth.html
http://www.stefanelli.eng.br/en/dial-caliper-pachymeter-calliper-simulator-millimeter-01-mm.html


Micrometer (mi-krom-it-er)
 A mic is a high accuracy measurement

instrument, that can measure in inches or mm. 

 Mics can come in the scale of thousandths = .001” or they can 
come in the scale of ten thousandths (tenths) = .0001” 

 When a mic is reading in .0001” increments, this is called a 
vernier scale. This means when a measurement is taken by 
mechanical means the measure is read off a finely marked data 
scale (the "fixed" scale on the barrel of the mic). If the measure 
taken is between two of the smallest graduations on this scale 
this indicates the "vernier“ is used to provide an even finer level 
of resolution without resorting to estimation. 

 In the case of a mic the vernier scale is on the top of the barrel. 

 Micrometers can usually only measure a difference of 1”. That is 
why they are usually sold in a set of 6 (1”, 2”, 3”, 4”, 5”, 6”). 

 Measures outside dimensions only. 

Measurements - Length

Mitutoyo 103-179 Mechanical Micrometer, www. Msi-viking.com



Measurements - Length

Dial calipers

Reading 

micrometer 

examples
 English 

micrometer

 Example 2

 Metric 

micrometer

http://www.wisc-online.com/Objects/ViewObject.aspx?ID=MTL1902
http://www.stefanelli.eng.br/en/aka-micrometer-caliper-outside-inch-thousandths.html
http://www.technologystudent.com/equip1/microm1.htm


Measurements - Length

Faro Arm 
 The Faro Arm is a portable coordinate 

measuring machine (CMM). It measures 
existing three dimensional parts for 
inspections, certifications and reverse 
engineering. 

 It’s single point accuracy is around 
0.001”. Achieved with angle encoders in 
each of its joints that tracks where the 
tip of the probe is.

 High measuring range (8’) and high 
accuracy comes a high price tag 
(<$50,000), and high repair cost 
(<$10,000 just to mail it for them to look 
at)
 Since so expensive, and since ours has 

broken twice, no students are allowed to 
use this tool. If you need to use it for 
something, a lab manager will operate the 
arm for you.

Faro Product Line, www.faro.com

Mediocre Faro Arm Demo Video

http://www.youtube.com/watch?v=f-Zii_4enW0


Measurements – Length (DAQ)

Data Acqustion uses many different 

ways to measure length

Linear Potentiometer 

(resistance)

String Potentiometer

(rotational encoder)

Laser Distance Sensor

(time of flight)

Psychobike.com

edelbrock.com
Cosworth.com



Measurements - Force
 Force – a strength or power exerted upon an object (push or 

pull)

 Weight – the force on an object due to gravity

F=ma
 (W=ma/gc)

Examples

 Weight Scales (340 lbf)

 Force Gauges

 Strain Gauges (Ω)
Health-Actualization, 

www.health-act.net

iaminthestore.com

Force gauge, Joyfay.comStrain Gauge, Cartechbooks.com

Strain Gauge, competitiondata.com



Measurements - Volume
 Volume – the quantity of three-dimensional space an object 

occupies. 

 Examples: 

 358 in3 (cu.in.) 

 80 cm3 (cc’s) SBC cylinder head combustion chamber

 6 qt of oil

 (Mass) – the quantity of 

matter in an object

Volume of liquid, joyeefei.com

RO7 Chevrolets NASCAR 

engine, pro-touring.com

Dominator 10W-30 

Racing Oil, 

Amsoil.com

dreamstime.com

suasnews.com



Measurements - Pressure
 Pressure – the quantity of a force distributed over a given 

area. 

 Examples: 

 30 psi (air pressure in your tires)

 101 kPa = 14.7 psia = 1 atm (psig vs psia)

 10 psi boost (GM LT4 engine)

 55 psi (fuel pressure)

 Vacuum – is defined as air pressure less than atmospheric

 Examples

 20” Hg = 9.8 psia = -4.9 psig (oil pan)

 50 kPa (BBC at idle)

Enginebasics.comLongacre.com
Autometer.com



Measurements - Temperature
 Temperature – the degree or intensity of heat present in an 

object. 

 Examples: 

 68°F (STP)

 120°F (inside car temp)

 200°F (tire temp)

 240°F (engine coolant)

 1000°F (EGT)

Thermocouple, accel.comThermocouple, Ctheaters.com Infrared pyrometer, 

Hmsmotorsport.com
Thermocouple pyrometer, 

longacre.com



Quality, accuracy and precision
 Accuracy = Accuracy is how close a measured value is to the 

actual (true) value. 

 Precision = Precision is how close the measured values are 

to each other. 

Notes on Uncertainty Analysis, www.wellesley.edu 



Uncertainty 
 Uncertainty – the imperfections in measurements. The doubt that 

exist about any measurement (“give or take”). 

 Every measurement has an uncertainty. When measuring something, 

this uncertainty should be smaller than the smallest place holder you 

are wanting to be accurate to. Not knowing the uncertainty in your 

measurement makes it useless.

 Depending on what you’re doing (and how much $ you have) depends 

on how accurate you need/want to be. 

Mechanical Speedometer Large Dial Scale, 

taylorusa.com
NIST style scale, gizmag.com

$2,500 – 0.9lb max, 10-5 accuracy $30 – 330lb max, no accuracy stated***


