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Word problems

 There are two steps to solving math word                 
problems: 

• Translate the wording into a numeric equation
that combines smaller "expressions" 

• Solve the equation! 
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Word problems are a series of expressions that fits into an equation
An equation is a combination of math expressions.

Suggestions:
Read the problem entirely

Get a feel for the whole problem 
List information and the variables you identify

Attach units of measure to the variables (gallons, miles, inches, etc.) 
Define what answer you need,
as well as its units of measure 
Work in an organized manner

Working clearly will help you think clearly 
Draw and label all graphs and pictures clearly 

Note or explain each step of your process;
this will help you track variables and remember their meanings 

Look for the "key" words (above)
Certain words indicate certain mathematical operations: 

STRATEGIES FOR WORD PROBLEM
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More vocabulary and key words:
"Per" means "divided by"

as "I drove 90 miles on three gallons of gas, so I got 30 miles per gallon" (Also 30 
miles/gallon) 

"a" sometimes means "divided by"
as in "When I tanked up, I paid $3.90 for three gallons, so the gas was 1.30 a gallon, 

or $1.30/gallon 
"less than"

If you need to translate "1.5 less than x", the temptation is to write "1.5 - x".  
DON'T!  Put a "real world" situation in, and you'll see how this is wrong:  "He makes 
$1.50 an hour less than me."  You do NOT figure his wage by subtracting your wage 

from $1.50.  Instead, you subtract $1.50 from your wage 
"quotient/ratio of" constructions  

If a problems says "the ratio of x and y",
it means "x divided by y" or x/y or x÷y 
"difference between/of" constructions

If the problem says "the difference of x and y",
it means "x - y" 



Problem Solving is easy if you follow 
these steps

Understand
the

problem



Step 1 – Understand the problem
• Read the problem carefully.
• Find the important information.
• Write down the numbers.
• Identify what the problem wants you 

to solve.
• Ask if your answer is going to be a 

larger or smaller number compared to 
what you already know.



Step 1 - Understand the Problem
Read the problem carefully.

• A Girl Scout troop went on a hike.  
First they walked 1 mile east, then 2 
miles south, then 3 miles west, and 1 
mile north, then 2 miles east.  How 
far is the troop from their starting 
point?



Step 1 - Understand the Problem
Find the important information.

• A Girl Scout troop went on a hike.  
First they walked 1 mile east, then 
2 miles south, then 3 miles west, 
and 1 mile north, then 2 miles east.  
How far is the troop from their
starting point?



Step 1 - Understand the Problem
Write down the key information.

• A Girl Scout troop went on a hike.  
First they walked 1 mile east, then 
2 miles south, then 3 miles west, 
and 1 mile north, then 2 miles east.  
How far is the troop from their
starting point?



Step 1 - Understand the Problem
Write down the key information.

1 mile east, 
2 miles south, 
3 miles west, 
1 mile north, 
2 miles east



Step 1 - Understand the Problem
Identify what the problem wants you 

to solve.

•A Girl Scout troop went on a hike.  
First they walked 1 mile east, then 
2 miles south, then 3 miles west, 
and 1 mile north, then 2 miles east.  
How far is the troop from their 
starting point?



Problem Solving is easy if you follow 
these steps

Decide how
you’re going 

to 
solve the
problem 



Step 2 - Decide how you’re going to 
solve the problem
Choose a method

Use a graph Use formulas
Write an equation Make a list
Find a pattern Work backwards
Use reasoning Draw a diagram
Make a table Act it out



Step 2 - Decide how you’re going to 
solve the problem

Make your diagram
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Problem Solving is easy if you follow 
these steps

Solve 
The

Problem
 



Step 3 - Solve the problem

N
E

S
W

star
t

1 
mile

finis
h

Measure the distance between the 
start 
and the finish & compare it to the 
mile.



Problem Solving is easy if you follow 
these steps

Look
Back &
Check

 



Step 4 - Look Back & Check
Reread the problem

• A Girl Scout troop went on a hike.  
First they walked 1 mile east, then 
2 miles south, then 3 miles west, 
and 1 mile north, then 2 miles east.  
How far is the troop from their
starting point?



Step 4 - Look Back & Check
Compare the information from the 

problem to your work.
N

E
S

Wstar
t

1 
mile

finis
h

1 mile east, 
2 miles south, 
3 miles west, 
1 mile north, 
2 miles east



Step 4 - Look Back & Check
Did you solve what the problem 

asked you to solve?

N
E

S
Wstar

t

1 
mile

finis
h

1 mile east, 
2 miles south, 
3 miles west, 
1 mile north, 
2 miles east

How far is the troop from their 
starting point?

one 
mile















Skyrides ,chair lifts, aerial tramway  use what standard?  F 2959

Accepted engineering practice  is something that conforms to accepted principles, 
tests or standards of a nationally recognized technical or scientific authorities.

Pressure vessel are use what standard?
ASME.

Flow rate in a pneumatic system are represented how?           
CFM 

Torqueing what the bolt or nut?   

 Can be both [depends on the diameters or shapes of the nut or bolt . ]

Transducer in NDT is used with what type of test?
  

                                   Ultrasonic



Alternator is a what ?

                AC  generator

Metallurgical failure analysis is what?

The testing of metal failure

Parallel and Series are two types of what?

Electric wiring

Diagonal and Perpendicular are what?

Lines

A diagonal is made out of a straight line that's set at an angle instead of straight up or 
across.

A line is perpendicular to another if they meet at 90 degrees, simply means 'at right angles'.



Flat ride is a what ?
Flat rides are usually considered to be those that move their passengers in a plane 
generally parallel to the ground, such as rides that spin around a vertical axis, like 
carousels and twists, and ground level rides such as bumper cars and The Whip.

Flow control 
Valve regulates the flow or pressure of a fluid. Flow control valves normally respond to 
signals generated by independent devices such as flow meters or temperature gauges. 

Flow control valves are normally fitted with actuators and positioners.

 Gate valve
Control directions one way only

Relief valve
Reduces pressure back to safer level

Actuator
An actuator is a type of motor that is responsible for moving or controlling a 

mechanism or system. It is operated by a source of energy, typically electric current, 
hydraulic fluid pressure, or pneumatic pressure, and converts that energy into motion.



Elongation the lengthening of something



Anti-Rollback Device – A ratcheting mechanism used on a lift hill or section of a roller 
coaster that prevents the cars or trains from rolling backwards. 

Bents--The vertical wood beams on a wooden roller coaster's structure

Plys

Ledgers



Plys  wood supporting the metal track rail



Ribbon

Bent

Cross brace





Microns
a unit of length equal to one millionth of a meter, used in many technological and scientific 
fields.
The average size of the openings between pieces of the filter media are represented in 
microns. For example, a 20-micron filter has larger openings than a 5-micron filter. 
Consequently, the 20-micron filter element will let larger particles pass through the filter 
than the 5-micron media would.

Filters
any substance, as cloth, paper, porous porcelain, or a layer of charcoal or sand, through 
which liquid or gas is passed to remove suspended impurities or to recover solids. 



Commutators
   
A commutator is a moving part of a rotary electrical switch in certain types of electric 
motors and electrical generators that periodically reverses the current direction 
between the rotor and the external circuit. It consists of a cylinder composed of 
multiple metal contact segments on the rotating armature of the machine.

Mercury rectifiers
The mercury arc rectifier is used to convert AC to DC power. It was used before the 
invention of solid state devices called thyristors. The mercury arc rectifier had uses 
from HVDC (high voltage direct current) to car battery chargers

Dc motor
DC electric motors are powered from direct current (DC) power and are 
mechanically commutated machines.

Circuit breakers

Alternators



TIG  / heliarc  welding is  not used on what ?  
Heliarc® welding is a form of welding introduced and perfected in the 1940s. The 
reason the welding process is referred to by this name is because the welding process 
requires the presence of two substances. These substances are helium, an inert gas 
that is used for the shielding of the weld, and an arc that is generated through the 
implementation of a tungsten electrode.
The process of Heliarc® welding is also widely referred to as TIG welding, for tungsten 
inert gas, or as GTAW, for gas tungsten arc welding. this style of welding is the most 
common method of welding used when the materials being fused together are 
hardened ones, such as stainless steel.   

What is  a control access system?  
Stops unauthorized activation of a ride.

What is a constant pressure switch?  
The switch can only work when an operator stand on it.

Europe torque is measured   Newton-meter



Fire extinguisher

Dry Chemical 

Foam

Carbon dioxide

Baking soda-acid 



Biodynamic testing is used to test ?

1.the study of physical motion or dynamics in living systems

G force 
The g-force is a measurement of the type of acceleration that causes a perception of 
weight. Since g-force accelerations indirectly produce weight, any g-force can be 
described as a "weight per unit mass".

Foam padding 

Argon
shielding gas can optimise your welding results. Not only do shielding gases protect 
the finished weld from the effects of oxygen and nitrogen in the atmosphere, they can 
also have a positive effect on weld metal properties such as strength, corrosion 
resistance and toughness. In addition, they can optimise the weld bead shape and size 
as well as the weld porosity and fusion. And that’s not all – shielding gases can 
increase your productivity by accelerating the welding process and minimising the 
amount of spatter.

 



Nitrogen
In its gas form, nitrogen is colorless, odorless and generally considered as inert. In its 
liquid form, nitrogen is also colorless and odorless, and looks similar to water

Hydrogen

Potentiometer
A potentiometer, informally a pot, is a three-terminal resistor with a sliding or rotating 
contact that forms an adjustable voltage divider. If only two terminals are used, one end 
and the wiper, it acts as a variable resistor or rheostat



Where do we use

Liquid penetrant 

Cleaner

Absorber

Developer

NDT testing [PT]
Dye penetrant inspection (DPI), also called liquid penetrant inspection (LPI) or 
penetrant testing (PT), is a widely applied and low-cost inspection method used to 
locate surface-breaking defects in all non-porous materials (metals, plastics, or 
ceramics).



Inductance
In electromagnetism and electronics, inductance is the property of an electrical 
conductor by which a change in current flowing through it induces an electromotive 
force in both the conductor itself and in any nearby conductors by mutual inductance.

Capacitance
Capacitance is the ability of a body to store an electrical charge. 
A material with a large capacitance holds more electric charge 
at a given voltage, than one with low capacitance.

Resistance
Electricity The opposition of a body or substance to current passing through it, 
resulting in a change of electrical energy into heat or another form of energy.

Conductance
is just the opposite of resistance while resistance is the measure of the opposition of 
flow of electrons through it by a material ; The Electrical Conductance is the measure of 
property of a material by which it allows the electrons or electricity to pass through it.



Lockout/tagout

                                                    Port Hose

cylinder

Confined space



Accumulator 
Storage of  energy, hold hyd. Fluid, help to stop bouncing of the fluid 

Potential energy

Mechanical force

Stroke

Bore



Durometer
As a gauge that can be used to check the hardness of a given material, the durometer 
can be used in a number of different applications. It functions by analyzing a given 
substance, and then assigning it a number to denote the level of harness and durability. 
A lower number would indicate a softer nature for the substance, while a higher 
number would indicate the product is harder and less susceptible to bending or 
cracking. 
The newton metre
 is a unit of torque (also called "moment") in the SI system. The symbolic form is N m or 
N·m. One newton metre, sometimes hyphenated newton-metre, is equal to the torque 
resulting from a force of one newton applied perpendicularly to a moment arm which is 
one metre long. 
The decibel meter
 (dB) is a logarithmic unit used to express the ratio of two values of a physical quantity, 
often power or intensity. One of these values is often a standard reference value, in 
which case the decibel is used to express the level of the other value relative to this 
reference.



The proximity detector is a block capable of 
detecting nearby living things. It has an 
extremly precise and accurate detecting range 

Ballast 
is a device placed in line with the load to limit 
the amount of current in an electrical circuit. It 
may be a fixed or variable resistor.

Inertia is the resistance of any physical object to any change in its state of motion 
(this includes changes to its speed, direction or state of rest). It is the tendency of 
objects to keep moving in a straight line at constant velocity.



Gravity,
 is a natural phenomenon by which all things with mass are brought toward (or 
gravitate toward) one another,

the resistance that one surface or object encounters when 
moving over another: 

resistance

Diode

a semiconductor device with two terminals, typically allowing the flow of 
current in one direction only.



Cubic feet per hour

pound per square inch
 or, more accurately, pound-force per square inch (symbol: 
lbf/in2;[1] abbreviation: psi) is a unit of pressure or of stress 
based on avoirdupois units. It is the pressure resulting from a 
force of one pound-force applied to an area of one square inch:

foot per second
 (plural feet per second) is a unit of both speed 
(scalar) and velocity (vector quantity, which 
includes direction). It expresses the distance in 
feet (ft) traveled or displaced, divided by the 
time in seconds (s, or sec).



An electric battery is a device consisting of one or 
more electrochemical cells with external connections 
provided to power electrical devices such as 
flashlights, smartphones, and electric cars. When a 
battery is supplying electric power, its positive 
terminal is the cathode and its negative terminal is 
the anode. The terminal marked negative is the 
source of electrons that when connected to an 
external circuit will flow and deliver energ…

Switch
 device for making and breaking the connection in an 
electric circuit: 

In electrical engineering, ground or earth is the 
reference point in an electrical circuit from 
which voltages are measured, a common 
return path for electric current, or a direct 
physical connection to the Earth.

Ground electric

battery



 a weight that provides a balance against 
something of equal weight

A bullwheel or bull wheel is a large wheel on which a rope turns, such 
as in a chairlift. In that application, the bullwheel that is attached to 
the prime mover

Counter weight



Clockwise  in a curve corresponding in direction to the 
typical forward movement of the hands of a clock: 

Counter cock wise
in the opposite direction to the way in which the hands of 
a clock move around.



Bleed out time of penetrant  in a liquid penetrant test

Sprocket 
Any of various tooth like projections arranged 
on a wheel rim to engage the links of a chain

is a governor[device] used to limit the top speed of a vehicle
Speed limiting device

The penetrant is allowed "dwell time" to soak into any flaws (generally 5 to 30 
minutes). The dwell time mainly depends upon the penetrant being used, material 
being tested and the size of flaws sought. As expected, smaller flaws require a longer 
penetration time.



Rectifier

A rectifier is an electrical device that converts alternating current, which periodically 
reverses direction, to direct current, which flows in only one direction.

Ammeter
instrument for measuring either direct or alternating electric current, in amperes. An 
ammeter can measure a wide range of current values

Ohm meter

Disconnect completely and/or turn off all power to the circuit you are testing. You must 
have a completely dead wire or circuit in order to ensure accuracy in measurement, as 
well as your own safety. Your ohmmeter will supply the voltage and current for your 
circuit so NO other power is necessary.



Rheostat
 an electrical instrument used to control a current by varying the resistance

potentiometer, 
informally a pot, is a three-terminal resistor with a sliding or rotating 
contact that forms an adjustable voltage divider. If only two terminals 
are used, one end and the wiper,

The fundamental difference between a potentiometer (pot) and a rheostat is that the 
former is a three terminal device, while the latter is a two terminal one. Let's look at 
both. When we consider either device, we are looking at a resistive element with a 
"wiper" or "adjustable contact" to which we can attach a wire.



Scanner drum
A type of scanner used to capture the highest resolution from 
an image. Photographs and transparencies are taped, clamped 
or fitted into a clear cylinder

Shunt motor

Earlier days, DC motors were in use, wherever variable speed 
is required. With advancement of variable frequency drive 
(VFD), induction motor replaced dc motor in most of the 
applications. At present applications of dc motor are limited 
to battery operated motors.



Astm a 325 cap screw
Specification for Structural Bolts, Steel, Heat 
Treated 

Grade 8 bolt how many marks on its head
   6
       
 

Grade 5 has how many marks on it’s head
3

the Grade 5 has a much smaller head 
configuration and a shorter shank than the 
A325 structural bolt.



If both bolts are 3/4-10 x 4, Bolt X has the shear plane acting through the body of 
the bolt, while Bolt N has its shear plane acting through the threaded portion. 
Assuming that both fasteners have an ultimate shear capacity of 72,000 PSI, just 
how many pounds would each fastener be capable of handling? To determine the 
load in pounds, one must first calculate the area of material for each example.

Bolt X has the cross sectional area in the shank (body diameter). Therefore, in the 
worst case scenario the minimum body diameter is 0.729 inches. By applying the 
principles of geometry one can calculate the area of a circle with this diameter. Bolt X 
has a material cross sectional area of 0.417 square inches. Take 0.417 sq-in. and 
multiply by 72,000 PSI and you're left with nearly 30,000 pounds.

For Bolt N's calculation the root area must be used (as the shear plane intersects the 
threads), which is 0.302 sq-in. Now take this and multiply by the same 72,000 PSI and 
it results in approximately 21,740 pounds.



Micrometer thimble reads in what

 
Cotter keys
A split pin, also known in the United 
States as a cotter pin or cotter key, is a 
metal fastener with two tines that are 
bent during installation

Fence height as per ASTM
54 inches

R clip Clevis pins



Nec  says a distribution box must be 
how high off the ground
6 inches

Grounding electrode is how long 
8 feet



6x19 means what

Condensation
Condensation is the change of the physical state of 
matter from gas phase into liquid phase, and is the 
reverse of evaporation.

Evaporation
the process of turning from liquid into vapor

vaporization
Vaporization (or vaporization) of an element or 
compound is a phase transition from the liquid 
phase to vapor There are two types of vaporization: 
evaporation and boiling. Evaporation is a surface 
phenomenon, whereas boiling is a bulk 
phenomenon. 



Inclined track rides must have
anti-roll back

NEC 525 
Electric code for amusements

Problems dealing with,
                           voltage, resistance and current  use what 
ohm's  law



Electric wire size is based on
                                                                                                   awg
Europe rides use how many cycle per second

50cps
usa use

60cps
nec stated that a ride disconnect must be within how many feet

6 feet

ride speed is measured in 
rpm  revolutions per minute

national amusement industry standard
astm f-24

visual  ndt testing
what we see

magnetic particle
ferrous metals

dye penetrant
surface cracks in non-ferromagnectic materials

ultrasonic
Ultrasonic testing uses high-frequency sound waves called ultrasonic pulse waves to detect flaws 



A megger gauge is used to do what
check resistance

pneumatic means 
air

most accurate way to check torque is a 
torque wrench

a fuse and a circuit breaker both do the same job
true

nfpa is the
 life safety code

torque means
turning effort

rides with a wet exposure need to have
gfci

a falling object is caused by
gravity

the size of wire is called
 gauge

]



A hydrometer is used to check
specific gravity in a wet cell electrolyte

cycles per second is called
hertz

wire rope that the strands are separated is called
bird caging

8.8  metric  grade is equal 
grade 5 USA

bolts are graded by 
minimum tensile strength

a safety relief valve does what
in case of over pressure would release it to lower pressure.

Reduction of diameter in wire rope tells us that
we have severe stretching

12 gauge wire is        than 22 gauge
larger in diameter

revolving mean
turning



A gram is a what
measure of weight

a newton – meter is normally used to 
calculate torque

kinking and crushing are terns used with
 wire rope

class A fire extinguishers are used on
wood paper, textiles.

Drive chain elongation is caused by
worn sprockets

a holding brake is used for
loading and unloading



What is 3 phase electrical system
two current carrying conductors a ground and a neutral.

What is a splice tuck

How many splice tucks in a 6 x 9 wire rope

what does 42 and 4 stand for
astn standard 2291-15 fencing and barriers

European 3 phase is what voltage across the phases

pressure in a hydraulic system represents what
 force

what is a section of a roller coaster track system called
block

flow in a hydraulic system represent what 
gpm

pressure vessels are governed by who
asme

flow rate in a pneumatic system is what

cfm



Sae means what  
Society of automotive engineers

 a transducer is used in what testing
ultrasonic

 what is an alternator
ac generator

milky hydraulic oil is caused by what
water

where do you find bents, plys and ledgers
 wooden roller coaster

a filter is rated in what
microns

what is a commutators and where is it found
a cylindrical ring or disk assembly of conducting members, individually insulated in a supporting 

structure with an exposed surface for contact with current-collecting brushes and mounted on the armature 
shaft, for changing the frequency or direction of the current in the armature windings. 

what is a constant pressure switch
a switch which must be manned to use



What fire extinguisher is wised on electrical fire
dry chemical

Europe torque is measured in
bars 

biodynamic testing is used for what
g force

a lead cell battery produces what gas
hydrogen

potentiometer is used to control
current 

cleaner , penetrant ,developer is used with what
ndt liquid penetrant testing



Voltage drop in a circuit is caused by
resistance

the regulation used to control energy during ride servicing is called
loto

what does the accumulator do in a hydraulic system 
store potential energy

the length of travel f a piston is what
stroke   

test the density of foam you use what
durometer

to determine the position of a car or carrier you can use a 
proximity detector

a light ballast is a 
high voltage transformer     

                



Hydraulic pressure is measured in
psi

what converts pneumatic power into mechanical force
cylinder

a tramway counterweight does what 
use to keep haul rope adjusted

bleed out time of liquid penetrant is
7 to 30 minutes

a chain running over the sprocket making a slapping noise means what]
elongation of the chain

an ohn meter measures what
current

junping out a hydraulic motor will cause what to happen to the other motors
increase in rpm



Electrical receptacles are connected in
parallel

what color is the neutral wire in--- wiring
USA  white

European 

a rheostat in a dc shut motor does what
controls speed

a check value does what
 limits flow  in one direction

a relief value does what
stops over pressure

with a 5 wire system the neutral wire  is bonded to the equipment ground at the
generator only

porosity is found in a 
weld

it looks like
small pinholes



A astm a325 cap screw  is most close to a grade 5 cap screw but will have a 
longer shank and greater tensile strength

5/16 – 18  the 18 refers to what
thread per inch

ARC, MIG, TIG ate types of
welding processes

where do you find a nitrogen accumulator
hydraulic system

what does 6 x 9 rope represent what
6 wires and 19 strands

  

 





Safety warning sheet colors code
Safety ALERT  -------------------------  Red

Service bulletin --------------------------Blue
Notification ----------------------------- Green   



Micrometer Reading: 
Application of Decimal Fractions
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• As the Thimble rotates around this Sleeve 
it covers up, or reveals the numbers 
marked on the Sleeve. 

• It is easy to read a micrometer if you think 
of the markings on the Sleeve as dollars 
and quarters.

•  If you think of the lines on the Sleeve as 
dollars and quarters, the lines on the 
Thimble represent "pennies" or cents.

N.A.A.R.S.O.



To read the English micrometer:

Step 1. Read the highest number showing on 
the barrel.

Step 2. Add 0.025” for each full vertical space 
showing.

Step 3. Add the number on the sleeve that lines up 
with the horizontal line on the barrel.

The reading is the sum.
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Example:

Caution: Do not read this space as full
 until the zero 

is lined up
with the horizontal line 

on the barrel.
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To read this metric micrometer setting:
Step 1.  Read the number of full divisions on the barrel. 10.00
Step 2.  Add the 0.5-mm divisions                                     0.50
Step 3.  Add the thimble reading.                                      0.10
The reading is the sum.   10.60 mm
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240

Do not read this space as full
 until the zero 

is lined up
with the horizontal line 

on the barrel.
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425
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800

08/2011 N.A.A.R.S.O. 85



980
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599
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18.95 mm
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9.00 mm
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14.03 mm
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17.85 mm
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Table of English linear measurement, also known as a conversion table.

1 foot    = 12 inches

1 yard    = 3 feet

1 yard    = 36 inches

1 mile    = 5,280 feet

1 mile    = 1,760 yards

N.A.A.R.S.O.

OUNCES
CUP [ 8 ounces]

PINT [ 2 cups / 16 ounces]
QUART [2 pints /4 cups /32 ounces]

GALLON [4 quarts /8 pints /16 cups /128 ounces]

FLUID VOLUME



• The metric system is used on all automobiles produced today.

• A mechanic must be able to measure in metric as well as the English system.

• In the center of the spectrum is unit.

• Units in the metric system are meters, grams, and liters.

N.A.A.R.S.O.

The following conversion table can be used to convert from the
metric system to the English system, or to convert from English
to metric.

1 inch   =   0.0254 meter                     1 meter    =   39.37 inches
1 inch   =   0.254 decimeter          1 decimeter   =   3.937 inches
1 inch   =   2.54 centimeters        1 centimeter   =   0.394 inch
1 inch   =   25.40 millimeter          1 millimeter    =   0.03937 inch

                                 1 foot   =   0.3048 meter
                                 1 yard  =   0.9144 meter

Table of Linear Equivalents
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SCALE READING
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9) Write the English measurements indicated on the following diagram: 
(Reduce answers when possible)

A B C D

A = 3/4"     B = 1 5/16"     C = 1 13/16"    D = 2 5/8"



Automotive technician must be able to make accurate 
measurements with both English and metric scales.

The scale here has the upper part divided by 16 equal 
divisions to the inch (1/16”). The lower side is divided in eight
equal divisions to the inch (1/8”). Reduce the fraction to its
lowest terms, if necessary

Example: 6/8” is reduced to 3/4”, and 18/32” is reduced to 9/16”
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On this scale, the numbered divisions are centimeters (cm). The
unnumbered divisions are millimeters (mm). Ten millimeters
equal one centimeter.
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                3/4 inch
          1    1/4 inches                            
          1     7/8 inches               
          2     5/8 inches
          3     1/8 inches
          3    3/8 inches
          4     1/8 inches
          4     1/2 inches
          5     7/8 inches08/2011 N.A.A.R.S.O. 98



13mm

35 mm
81mm

104 mm
142 mm
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0.8 cm

2.0cm

4.3 cm

8.6 cm
14.6cm
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LENGTH

 INCHES
FOOT  [12 inches]

YARD  [3 feet / 36 inches]
MILE [1760 yards /5280 feet /62360 inches]
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FLUID VOLUME

OUNCES
CUP [ 8 ounces]

PINT [ 2 cups / 16 ounces]
QUART [2 pints /4 cups /32 ounces]

GALLON [4 quarts /8 pints /16 cups /128 ounces]
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Cups
A small carton holds about 8 ounces, which is also called 1 cup.

1 cup = 8 ounces

                         

Pints
A pint is equal to 2 cups.

1 pint = 2 cups = 16 ounces

By the way ... you can measure things using measuring cups ... !

 

                                          

If you still need more liquid you may want to switch to using gallons.
A gallon (gal) is the same as 16 cups or 8 pints or 4 quarts.  It is the largest liquid measurement.
1 Gallon = 4 quarts = 8 pints = 16 cups= 128 ounces

                                      

          

Cups
A small carton holds about 8 ounces, which is also called 1 

cup.
1 cup = 8 ounces

Pints
A pint is equal to 2 cups.

1 pint = 2 cups = 16 ounces

A quart (qt) is the same thing as 4 cups or 2 pints. 
1 quart = 2 pints = 4 cups = 32 ounces

A gallon (gal) is the same as 16 cups or 8 pints or 4 quarts.  It is 
the largest liquid measurement.

1 Gallon = 4 quarts = 8 pints = 16 cups= 128 ounces
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SHOT          1 ½ ounces 
PONY          1 ounces [cordial]
GLASS of WINE  5 ounces [rip off]  {glass is 8 ounces}

TALLBOY  16 ounces [21 ounces]
FIFTH  25.6 ounces
QUART   32 ounces
LITER  33.8140225589 ounces
STRAIGHT UP 1.5 to 2.0 ounces
ON THE ROCKS 1.5 to 2.0 ounces

So knowing is 
 GETTING RIPPED OFF AT THE BAR!

Now lets put that info to work!
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Metric

• METERS  the basic SI unit of length,  
                            equivalent to approximately /1.094 yd or /39.37 in.

• DECIMETERS a unit of length equal to 0.1 meter.

• CENTIMETERS metric unit of length: a metric unit of length equal                
to one hundredth of a meter.

• MILLIMETERS unit of length: a unit of length equal to 
one thousandth of a meter

 



Area and Volume Measurement

08/2011 N.A.A.R.S.O. 106



• Area is surface measurement that has length 
and width or length and height but no 
thickness.

• Usually found by multiplying length by width 
or height. The answer is expressed in square                      

                                                              units.

• Change both measurements to the same 
linear units before multiplying.
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2/5/2021 N.A.A.R.S.O. 108

Square
Area = a2
a = length of side 

Rectangle
Area = b×h
b = breadth
h = height 



Geometry

Area = length (a) X width (b)Answer in square units

a

b

Perimeter = 2 length (a) + 2 width (b)

If a is 4” and b is 3” Area = 12 square inches

(2 X 4”) + (2 X 3”) = 14 inches



Geometry

a

b

c

90°

Area = height (a) X 1/2 base (b)



Volume



Example:

Area = length × width
A = 3” × 2”
A = 6 square inches
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Example:

Volume = length × height × width
V = 3” × 2” × 2”
V = 12 cubic inches 
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Mechanical Relationships
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                     TABLES HELP
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Mechanical

a

b

c

If gear a turns clockwise, as 
shown, which direction does 
gear c turn?
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Mechanical Relationships
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Faster  /  Slower  ?08/2011
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Levers
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ELECTRICAL



2/5/2021 N.A.A.R.S.O. 126

In an electrical circuit, 
the number of electrons in motion 

is called the amperage or 
current, 

and it's measured in amps.
 The "pressure" pushing the 
electrons along is called the 
voltage and is measured in 

volts.



GROUNDING
            AND 

BONDING



Ground: 
means the physical earth,

 the soil or ground.
 In some countries the term earth is used and is synonymous 

with ground.
 In the electrical code,

 ground means an electrically conducting connection, 
intentional or accidental, 

between an electrical circuit and the earth. 
Grounded means that something has been electrically 

connected to the earth. 
Watch out: 

even among inspectors and electricians, 
people may use the term "ground“

 more loosely to refer to the equipment grounding conductor 
or other components.



Grounding electrode or ground electrode: 
a metal conductor, 

usually a solid copper-alloy rod of specified length, 
driven into the ground in order to provide a point for electrical 

connection 
between the building grounding system

and ground or earth.
 In the electrical code, 

the grounding electrode conductor is the conductor (a wire)
 used to connect the grounding rod(s) 
to the equipment grounding conductor 

(the ground bus and ground wires in the electrical panel) 
OR to the grounded conductor

 (the neutral bus and neutral wires) 
OR to connect both of these to the grounding electrode

 (which is usually the case in residential electrical systems).



Grounded Conductor (the neutral wire): 
by convention the grounded conductor or neutral wire

 is white or gray.
 In an electrical circuit the grounded conductor (white or 

neutral wire) 
normally carries electrical current

 between the un-grounded (hot) electrical wire 
and (back through the main electrical panel and 

grounding system) earth.
 In the electrical code, 
a grounded conductor

 is one which has been intentionally grounded
 - connected to the earth.



The amount of current carried by the neutral wire
 is called the un-balanced load and 

depends on the characteristics of the electrical device
 being operated by the circuit. 

The neutral conductor is grounded in the main electrical 
panel.

 Be careful, inspectors and electricians, speaking loosely,
 may simply call this the 

"neutral wire".



Equipment Grounding Conductor (the ground 
wire): 

By convention the equipment grounding conductor (ground 
wire)

 is bare copper or carries green insulation.
 the individual wire in a (grounded) electrical circuit 

that is connected through the ground bus in the electrical 
panels 

and ultimately in the main electrical panel is connected to 
ground or earth. 

In the electrical code, 
a grounding conductor is a conductor (metal wire, metal bar, 

etc) 
which is used to connect electrical equipment (like an electrical 

panel enclosure) 
or the grounded circuit (the neutral wires) of a wiring system 

to a grounding electrode (and thus to earth).



The ground wire in an electrical circuit 
does not normally carry any electrical current,
 but it remains available as an emergency path

 to allow current to flow to earth
 should an electrical fault such as a short circuit

 occur (a connection between a hot wire and some metal 
(conductive) material

 that could cause an electrical shock to someone), 
thus assuring that a fuse or circuit breaker

 in the main panel can sense the current flow
 and switch off the circuit.

 In an older two-wire armored cable (BX) electrical circuit, 
the metallic cable of the circuit

 may be serving as the only grounding conductor.



It helps to keep these terms straight
 if we remember that we use 

the ing form
 of the word grounding 

to mean that this conductor causes an electrical 
connection 

between earth
 and whatever the grounding conductor 

is connected to.



Electricity Check Test Answers

Electricity is a flow of electric charges along a wire which is also called a 
current.

Electricity can be supplied from either a battery or from the mains supply.              

The main advantage of electrical energy is that it can be transported over large 
distances.



Electrical Safety Check Test Answers
Name three things that an electric shock can do to you?

A wire consists of two parts.  Name them and state whether they are a 
conductor or an insulator of electricity.

1.  Affect your muscles. 2.  Affect your nerves.

3.  Paralyse you. 4.  Stop your heart beating.

1.  The metal wire – conductor.

2.  The plastic coating around the metal wire – insulator.
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Direct Current vs. Alternating Current
    Batteries, fuel cells and solar cells all produce something 

called direct current (DC). 
The positive and negative terminals of a battery are always, 

respectively,
 positive  and negative. 

Current always flows in the same direction between those 
two terminals.

The power that comes from a power plant,
 on the other hand,

 is called alternating current (AC).
 The direction of the current reverses, or alternates, 

60 times per second (in the U.S.) 
or 

50 times per second (in Europe,).
 The power that is available at a wall socket in the United 

States is 120-volt, 60-cycle AC power.
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Delta Connections:
A delta system is a good short-distance distribution system. 
It is used for neighborhood and small commercial loads close to the supplying substation. 
Only one voltage is available between any two wires in a delta system. 
The delta system can be illustrated by a simple triangle.
 A wire from each point of the triangle would represent a three-phase, three-wire delta system. 
The voltage would be the same between any two wires 
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Wye Connections:
In a wye system the voltage between any two wires will always give the same amount of 
voltage on a three phase system. 
However, the voltage between any one of the phase conductors (X1, X2, X3) and the 
neutral (X0) will be less than the power conductors.
 For example, if the voltage between the power conductors of any two phases of a three 
wire system is 208v, then the voltage from any phase conductor to ground will be 120v. 
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There is nothing magical about three-phase power. It is simply three single 
phases synchronized and offset by 120 degrees. 
Why three phases? Why not one or two or four? In 1-phase and 2-phase 
power, there are 120 moments per second when a sine wave is crossing zero 
volts. In 3-phase power, at any given moment one of the three phases is 
nearing a peak. High-power 3-phase motors (used in industrial applications) 
and things like 3-phase welding equipment therefore have even power output. 
Four phases would not significantly improve things but would add a fourth wire, 
so 3-phase is the natural settling point. 
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L1 L2 L3 Neutral

Ground /
Protective Earth

United States

Black Red Blue
 Gray or Green, Green/yellow 

striped or a bare copper 
wire(common practice1)

United States

Brown
Orange 
(Delta) or 
Violet (Wye) Yellow

Gray or 

Green
(alternative practice2)

Canada (mandatory)[5] Red Black Blue
White

Green (or bare copper)
Canada (isolated three-phase 

installations)[6] Orange Brown Yellow
White

Green
European Union, and all countries who use 

European CENELEC standards April 2004 
(IEC 60446), Hong Kong from July 2007 Brown Black Grey Blue Green  /  yellow   striped4

Older European
 (IEC 60446, varies by country6)

Black or 
brown

Black or 
brown

Black or 
brown Blue Green/yellow 

striped5

UK until April 2006, Hong Kong until 
April 2009, South Africa, Malaysia

Red Yellow Blue Black Green/yellow striped
 (green on installations
 approx. before 1970)

Pakistan Red Yellow Blue Black Green
India Red Yellow Blue Black Green

Australia and New Zealand 
(per AS/NZS 3000:2000 Section 3.8.1)

Red3
White3 
(prev. yellow  Black Black

Green/yellow striped
 (green on very old 
installations)

People's Republic of China 
(per GB 50303-2002 Section 15.2.2) YellowGreen Red Light Blue Green/yellow striped

white

white

white

white

white

white
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NATIONAL ELECTRICAL CODE
ARTICLE 525- CARNIVAL, CIRCUSES, FAIRS,

 & SIMILAR EVENTS
A. General Requirements
525-1 This article covers the installation of portable wiring and equipment for
carnivals, circuses, exhibitions, fairs, traveling attractions and similar
functions, including wiring in or on all structures.
525-2 Other Articles.
(a) Permanent Structures. Articles 518 and 520 shall apply to wiring in
permanent structures.
(b) Portable Wiring and Equipment. Whenever the requirement of
other articles of the is Code and Article 525 differ, the requirements
of Article 525 shall apply to the portable wiring and equipment.
525-6. Protection of Electrical Equipment. Electrical equipment and
wiring methods in or on rides, concessions or other units shall
be provided with mechanical protection where such equipment
wiring methods are subject to physical damage.
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Basic definitions

• Alternating Current: electron flow changes direction over a 
circuit

• AHJ: Authority having jurisdiction
• Amp, Amperage: unit of measure for the intensity of a circuit.
• AWG, American wire gage: wire size or diameter
• Bond, bonding jumper: to electrically attach or “hook up”
• Circuit: A complete path for current to flow from the source 

to the load back to the source.
• Conductor: (ungrounded) current carrying (hot) wire

N.A.A.R.S.O.08/2011
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Basic definitions
• Cycle, Hertz: 

One complete performance of current alteration. (U.S. 
Standard 60 cycles per second 

 Eu Standard 50 cycles per second)
• Electricity, electromotive force: 

The movement of electrons along a conductor.
• Equipment grounding conductor: 

The ground wire (Green)
• Grounding electrode conductor: 

wire from the source to the ground rod.
• Grounding electrode:

 Ground rod

N.A.A.R.S.O.08/2011
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Basic definitions 
• Milli-amperes:

 one thousandth of an amp (30 milli-amperes can be fatal)
• NEC: 

 National Electric Code
• OHM: 

a unit of measure for the resistance to the electron flow in a circuit.
• Over-current device:

 Fuse or circuit breaker.
• Volts, Voltage: 

Unit of measure of electromotive force.
• Watt: 

 unit of measure for the power of an electrical circuit.
N.A.A.R.S.O.08/2011



circuit diagrams
In circuit diagrams components are represented by 
the following symbols;

cell battery switch lamp

motorammeter voltmeter

buzzer

resistor variable 
resistor

N.A.A.R.S.O.
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Transformer
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• DIODE  ALLOWS CURRENT TO FLOW IN ONE DIRECTION

• RECTIFIER CONVERTS  AC TO DC

• FUSE USED TO PROTECT WIRING

• CONTACTOR IS A CONTROLL SWITCH/RELAY USED TO 
SWITCH A CIRCUIT ACTIVATED BY A CONTROL INPUT.

• TRANSFORMER –TRANSFERS ELECTRICAL 
ENERGY THROUGH A SHARED MAGNETIC 
FIELD.

08/2011 N.A.A.R.S.O. 151



• AWG -   AMERICAN WIRE GAUGE
• GFCI – MONITORS AMOUNT OF CURRENT 

FLOWING FROM HOT TO NEUTRAL.
• WET CELL-LEAD ACID BATTERY
• ELECTROLYTE- WET FILL IN BATTERY
• HYDROMETER- GAUGE TO CHECK SPECIFIC 

GRAVITY OF THE ELECTROLYTE
• WIRE GAUGE- SIZE OF WIRE 
         SMALLER THE # LARGER THE WIRE
 LARGER THE WIRE --- LESS RESISTANCE

08/2011 N.A.A.R.S.O. 152
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Basic definitions

• Alternating Current: electron flow changes direction over a 
circuit

• AHJ: Authority having jurisdiction
• Amp, Amperage: unit of measure for the intensity of a circuit.
• AWG, American wire gage: wire size or diameter
• Bond, bonding jumper: to electrically attach or “hook up”
• Circuit: A complete path for current to flow from the source 

to the load back to the source.
• Conductor: (ungrounded) current carrying (hot) wire
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Basic definitions
• Cycle, Hertz: 

One complete performance of current alteration. (U.S. 
Standard 60 cycles per second 

 Eu Standard 50 cycles per second)
• Electricity, electromotive force: 

The movement of electrons along a conductor.
• Equipment grounding conductor: 

The ground wire (Green)
• Grounding electrode conductor: 

wire from the source to the ground rod.
• Grounding electrode:

 Ground rod
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Basic definitions 
• Milli-amperes:

 one thousandth of an amp (30 milli-amperes can be fatal)
• NEC: 

 National Electric Code
• OHM: 

a unit of measure for the resistance to the electron flow in a circuit.
• Over-current device:

 Fuse or circuit breaker.
• Volts, Voltage: 

Unit of measure of electromotive force.
• Watt: 

 unit of measure for the power of an electrical circuit.
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EARTH CHASSIS



2/5/2021 N.A.A.R.S.O. 157

If bulb A burns out, 
which bulbs 

  will remain lit?
   a) bulb C
   b) bulbs B, C and D
   c) bulb B
   d) none 



types of circuit

There are two types of electrical circuits;

SERIES CIRCUITS PARALLEL CIRCUITS

N.A.A.R.S.O.



The components are connected end-to-end, one 
after the other. 
They make a simple loop for the current to flow 
round.

SERIES CIRCUITS

If one bulb ‘blows’ it breaks the whole circuit and 
all the bulbs go out.
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0.2

X

A

A
Y

Z

Current at X A
Current at Y A
Current at Z A

0.2
0.2

A0.2

A

A

0.2

0.2

In a series circuit the current is the        at all 
points in the circuit. 

same 
N.A.A.R.S.O.



PARALLEL CIRCUITS

The current has a choice of routes.

The components are connected side by side. 

If one bulb ‘blows’ there is still be a complete circuit to 
the other bulb so it stays alight.
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0.2

X

Y

Z

Current at X A
Current at Y A
Current at Z A

0.2
0.4

A A

A

0.2

0.2

0.4

In a parallel circuit the 
current taken from the 
battery        the sum of 
the currents through the 
two bulbs 

equals 

N.A.A.R.S.O.
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If bulb A burns out, 
which bulbs 

  will remain lit?
   a) bulb C
   b) bulbs B, C and D
   c) bulb B
   d) none 
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Wiring color code US

»         120 240 3 phase

• Neutral
• Ground GREEN/COPPER/BARE
• Hot BLACK
• Hot RED
• Hot BLUE

WHAT IS A PHASE?

N.A.A.R.S.O.08/2011

WHITE
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Wiring color code EU

• Neutral BLUE 
• Ground GREEN/YELLOW
• Hot BROWN
• Hot BLACK
• Hot GREY was RED 

N.A.A.R.S.O.08/2011



Wiring color code US
»         120 240 3 phase

• Neutral        WHITE
• Ground GREEN /COPPER/BARE
• Hot BLACK
• Hot RED
• Hot BLUE

WHAT IS A PHASE?

N.A.A.R.S.O.

• Neutral BLUE 
• Ground GREEN/YELLOW
• Hot BROWN
• Hot BLACK
• Hot GRAY was RED

Wiring color code EU
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L1 L2 L3 Neutral

Ground /
Protective Earth

United States

Black Red Blue
 Gray or Green, Green/yellow 

striped or a bare copper 
wire(common practice1)

United States

Brown
Orange 
(Delta) or 
Violet (Wye) Yellow

Gray or 

Green
(alternative practice2)

Canada (mandatory)[5] Red Black Blue
White

Green (or bare copper)
Canada (isolated three-phase 

installations)[6] Orange Brown Yellow
White

Green
European Union, and all countries who use 

European CENELEC standards April 2004 
(IEC 60446), Hong Kong from July 2007 Brown Black Grey Blue Green  /  yellow   striped4

Older European
 (IEC 60446, varies by country6)

Black or 
brown

Black or 
brown

Black or 
brown Blue Green/yellow 

striped5

UK until April 2006, Hong Kong until 
April 2009, South Africa, Malaysia

Red Yellow Blue Black Green/yellow striped
 (green on installations
 approx. before 1970)

Pakistan Red Yellow Blue Black Green
India Red Yellow Blue Black Green

Australia and New Zealand 
(per AS/NZS 3000:2000 Section 3.8.1)

Red3
White3 
(prev. yellow  Black Black

Green/yellow striped
 (green on very old 
installations)

People's Republic of China 
(per GB 50303-2002 Section 15.2.2) YellowGreen Red Light Blue Green/yellow striped

white

white

white

white

white

white
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Examples of Table 400-5 (A)  1. A flexible 
cord is labeled 4/5 SJO.  This indicates that there are a 
total of 5 conductors in the cable and the size of each 
conductor would be no. 4 AWG copper
.
         In this cable there  are 3 current carrying 
conductors, a neutral conductor, and 
equipment-grounding conductor. 

  2. A 6/4 SO flexible cord has 4 no.6 AWG conductors (2 
current carrying, 1 neutral, 1equipment ground)



N.A.A.R.S.O.

Flexible Portable Cord 
(Portable Power Cables/ SO Cord /

 SJ Cord / SOW Cord / Hard Usage Cord)



           4/5      sjo       wire
Means 

 # of wires        5 wires                       
                            [conductors]
 # 4    gauge size    awg    
                     [American wire 
gage]



N.A.A.R.S.O.
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Flexible Portable Cord 
(Portable Power Cables/ SO Cord / SJ Cord / 
SOW Cord / Hard Usage Cord)

Commonly used designations for flexible cable power 
cord include :
 S = Stranded (or Hard Service Cord) (600 Volt Cords) 
J = Junior Service Cord (300 Volts) 
E = Elastomer 
OO = Oil Resistant inside insulation and outside jacket 
W = Weather/Water resistant 
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Variable Potentiometer

181



Ohm’s Law

08/2011 N.A.A.R.S.O. 182
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•Current is measured with 
an ammeter in series.

•Voltage is measured with a 
voltmeter in parallel.

N.A.A.R.S.O.08/2011
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• Current has the symbol I and is 
measured in amps (A)

• Resistance has the symbol R and is 
measured in ohms (Ω)

Voltage has the symbol V and is 
measured in volts(V)

N.A.A.R.S.O.08/2011
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•V = IxR

V

I R

N.A.A.R.S.O.08/2011
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If You know that P = 100 W, and V = 6 V. you can 
rearrange the equation to solve

for I and substitute in the numbers. 

I = P/V = 100 W / 6 V = 16.66 amps

What would happen if you use a 12-volt battery and a 
12-volt light bulb to get 100 watts of power? 

100 W / 12 V = 8.33 amps

N.A.A.R.S.O.08/2011



N.A.A.R.S.O.

Ohm’s law is expressed in three statements:

1. If voltage is increased, current flow is increased.
2. If voltage is decreased, current flow is decreased.
3. If resistance is increased, current flow is decreased.

The formula can be written in three ways:

where:
E = voltage (electromotive force)
I  = current in amperes (inductance)
R = resistance in ohms
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• Current has the symbol I and is 
measured in amps (A)

• Resistance has the symbol R and is 
measured in ohms (Ω)

• Voltage has the symbol V and is 
measured in volts(V)

• Current is measured with an 
ammeter in series.

• Voltage is measured with a 
voltmeter in parallel.

189



The Generator

• A) Each generator must have an affixed nameplate giving the 
manufacturer’s name, rated frequency, power factor, 
number of phases, rating in amperes, and normal voltage. 
Art 445-3

• B) Each generator must have one main circuit breaker or 
fused main disconnect which disconnects all electricity from 
the generator. Art 445-4(a) & 445-10

• C)All wiring must be enclosed at the generator. Covers must 
be installed on all electrical enclosures, panel boards, etc, to 
eliminate inadvertent contact with electrical components. 
Art 445-6, 250-62(a) &(b), 430-133

08/2011 N.A.A.R.S.O. 190
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Equipment ground (green) is bonded to ground rod wire 
to make overcurrent device operate properly.

Generators to have ground rods
Neutral and ground 

bond together at generator

N.A.A.R.S.O.08/2011



192

•8’ rods

•6’ apart

•Connected in seriesGENERATOR

N.A.A.R.S.O.08/2011
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•8’ ground rods
•Not greater than

45 degree angle
GENERATOR

N.A.A.R.S.O.08/2011
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•8’ ground rods

•Buried 2 ½ ‘ 

deep 
GENERATOR

N.A.A.R.S.O.08/2011



195

•Plate electrodes

•2 square feet 
surface area

•Buried 2 ½ feet 
deep

GENERATOR

N.A.A.R.S.O.08/2011
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525.11 Where multiple sources supply rides or 
attractions within 12’ of each other they must be 

bonded to the same grounding electrodes

N.A.A.R.S.O.08/2011
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525.21Disconnecting means. Located within sight or 6 feet of the 
operator’s station. If accessible to public must be locking.

525.30 bonding. All metal parts connected to same source shall 
be bonded.

525.31 Equipment Grounding. All equipment must be grounded 
as per 250.118 all grounds shall be bonded to the system 

grounded conductor at service disconnect or the generators.

525.32 Grounding Continuity Assurance. Shall be verified each 
time equipment is connected.

N.A.A.R.S.O.08/2011
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Installed not great than a  45 % angle into ground
8 foots buried on the flat must be 2 feet 6 inch deep  [ 30”]

Plate must be 2 feet square and 30 inch deep
Multiple power sources within 12 feet of each other 

must be bonded together at same rod

N.A.A.R.S.O.08/2011
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Ground rods-must be at least 8ft long
Ground rods 25 ohms or less –6ft apart

Connected in series

N.A.A.R.S.O.08/2011



A-water pipe clamp                                  B-rod clamp

N.A.A.R.S.O.
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Overhead Conductor Clearances

• 10 ft. above finished grade, sidewalks, platforms, or projections from which they 
might be accessible to pedestrians for 120VFor overhead conductors installed 
outside tents and concession areas, the vertical clearance requirements of 225.18 
apply [525.5(A)] (Figure 525-2). 

• The minimums are:, 120/208V, 120/240V, or 240V circuits. 

N.A.A.R.S.O.
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• Blue = hot
• Red = hot
• Black = hot
• White = neutral

• Green = ground

First connect  -  Last disconnect

08/2011 N.A.A.R.S.O. 205

5

4

3

2

1

1

2

3

4

5

PLUG IN     PULL OUT
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First connected
                                          -  Last  to disconnect

             Blue = hot               Red = hot                  Black = hot
                                          
                                  
                                           Green = ground

White =  Neutral



Ground Fault Circuit Interrupter Protection

A. General-use 15 and 20 amp, 125 volt receptacles that 
are in use by personnel shall have listed ground-fault 

circuit-interrupter protection for personnel. 
The GFI shall be permitted to be an integral part of the 
attachment plug or located on the power-supply cord, 

within 12 in. of the attachment plug. Egress lighting shall 
not be connected to the load side of the GFI.

N.A.A.R.S.O.



N.A.A.R.S.O.

Ground Gauge CU (Copper)   Service Size
 #8     to 100A 
#6 to 125A 
#4 to 165A

 #3  to 200A 



Electrical Service Grounding 
• Grounding Electrode (two) 
• Continuous, can splices, meter bypass 
• Copper ground wires and grounding conductor 

(corrosion resistant) 
• Aluminum - insulated solid conductor
• Aluminum - insulated multi-strand 
• Aluminum - bare vs. insulated (risk of 

corrosion, break in wire, loss of safe grounding 

209N.A.A.R.S.O.08/2011



Ground Fault Circuit 
Interrupter Protection

A.  General-use 15 and 20 amp, 125 volt 
receptacles that are in use by personnel shall have 
listed ground-fault circuit-interrupter protection 

for personnel. The GFI shall be permitted to be an 
integral part of the attachment plug or located on 

the power-supply cord, within 12 in. of the 
attachment plug. Egress lighting shall not be 

connected to the load side of the GFI.

08/2011 N.A.A.R.S.O. 210



Ground 
Fault 

Circuit
 Interrupter



AFCIs vs. GFCIs: 
What is the difference between an

 Arc Fault Circuit Interrupter
 and

 a Ground Fault Circuit 
Interrupter?



An AFCI is a device intended to prevent a 
fire. 

It detects a type of arcing in the electrical circuit
 that can lead to overheating and a fire.

 An AFCI can protect against some types of 
shock 

by detecting a short circuit 
if the short is also affecting an individual,

 but it is not designed as a shock protector 
and 

will not detect all of the same faults
 as a GFCI.



A GFCI is a device intended to prevent electrical 
shock.

 A GFCI will not necessarily detect the type of 
electrical arcing that can cause a fire. 

The GFCI is designed to protect people 
from severe or fatal electric shocks 

while the AFCI protects against fires 
caused by arcing faults.

 The GFCI also can protect against some electrical 
fires

 by detecting arcing and other faults to ground
 but cannot detect hazardous across-the-line arcing 

faults 
that can cause fires.



A ground fault 
is an unintentional electric path diverting current to ground. 

Ground faults occur when current leaks from a circuit.

How the current leaks is very important. 
If a person’s body provides a path to ground for this leakage,

 the person could be injured, burned, severely shocked, 
or electrocuted.

The National Electrical Code requires GFCI protection for receptacles 
located outdoors,

 in bathrooms, garages, kitchens, crawl spaces and
 unfinished basements; 

and at certain locations such as near swimming pools.



Grounding to trip the circuit breaker or blow the fuse: 
Electrical grounding is necessary to protect people from 

electric shock 
by providing a good electrical path to route a faulty electrical 

connection
 (such as a short circuit) to ground (literally, to the earth)

 so that current will flow through 
and thus trip the circuit breaker or blow the fuse, 
safely and quickly turning off the electrical circuit.

 (A short circuit is one of the two ways that a fuse or circuit 
breaker will blow. 

The second is the drawing of more current (amps) 
than the circuit is intended to carry.) 



Grounding to route stray electricity from static electricity, 
electrical power surges, lightening, etc. to ground. 

This can protect the insulation on electrical wires from damage 
due to high voltage. 

The protection against static electricity helps reduce 
the chances of an un-wanted spark 

that can cause damage to electronic components or 
cause an explosion of nearby combustible gases. 



Grounding to provide a normal path for electricity to flow: 
energy flows in an building's electrical circuit from a power source

 (the utility pole through electrical panel, 
though building circuits and electrical devices connected to them) 

to the ground, to earth.
 If there is no good connection to earth, 

electricity does not flow, 
though it might if you stand on wet ground and touch a live electrical wire –

 an action that could be fatal. 
Ground and neutral are related electrical terms. 

Neutral is used to describe the "return path“
 from in an electrical circuit to the electrical panel.

 Inside of the main electrical panel
 the neutral wires are bonded

 to the ground wires and
 to a grounding conductor 

that connects that assembly to earth 
(typically through a grounding electrode or 

"ground rod") 
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Basic definitions

• Alternating Current: electron flow changes direction over a 
circuit

• AHJ: Authority having jurisdiction
• Amp, Amperage: unit of measure for the intensity of a circuit.
• AWG, American wire gage: wire size or diameter
• Bond, bonding jumper: to electrically attach or “hook up”
• Circuit: A complete path for current to flow from the source 

to the load back to the source.
• Conductor: (ungrounded) current carrying (hot) wire
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Basic definitions
• Cycle, Hertz: 

One complete performance of current alteration. (U.S. 
Standard 60 cycles per second 

 Eu Standard 50 cycles per second)
• Electricity, electromotive force: 

The movement of electrons along a conductor.
• Equipment grounding conductor: 

The ground wire (Green)
• Grounding electrode conductor: 

wire from the source to the ground rod.
• Grounding electrode:

 Ground rod
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Basic definitions 
• Milli-amperes:

 one thousandth of an amp (30 milli-amperes can be fatal)
• NEC: 

 National Electric Code
• OHM: 

a unit of measure for the resistance to the electron flow in a circuit.
• Over-current device:

 Fuse or circuit breaker.
• Volts, Voltage: 

Unit of measure of electromotive force.
• Watt: 

 unit of measure for the power of an electrical circuit.



• DIODE  ALLOWS CURRENT TO FLOW IN ONE DIRECTION

• RECTIFIER CONVERTS  AC TO DC

• FUSE USED TO PROTECT WIRING

• CONTACTOR IS A CONTROLL SWITCH/RELAY USED TO 
SWITCH A CIRCUIT ACTIVATED BY A CONTROL INPUT.

• TRANSFORMER –TRANSFERS ELECTRICAL ENERGY 
THROUGH A SHARED MAGNETIC FIELD.



• AWG -   AMERICAN WIRE GAUGE
• GFCI – MONITORS AMOUNT OF CURRENT 

FLOWING FROM HOT TO NEUTRAL.
• WET CELL-LEAD ACID BATTERY
• ELECTROLYTE- WET FILL IN BATTERY
• HYDROMETER- GAUGE TO CHECK SPECIFIC 

GRAVITY OF THE ELECTROLYTE
• WIRE GAUGE- SIZE OF WIRE 
         SMALLER THE # LARGER THE WIRE
 LARGER THE WIRE --- LESS RESISTANCE
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LOCK-OUT
 

 TAG – OUT
The life you save may be your own!
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Lockout / Tagout  (LOTO)
•  Refers to specific practices and 

procedures to safeguard employees 
from the unexpected energization or 

startup of machinery and equipment, or 
the release of hazardous energy during 

service or maintenance activities.
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N.A.A.R.S.O.
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When performing lock-out/tag-out on circuits and equipment, you can use the checklist 
below.

Identify all sources of electrical energy for the equipment or circuits in question.

Disable backup energy sources such as generators and batteries.
                                      Identify all shut-offs for each energy source.

Notify all personnel that equipment and circuitry must be shut off, locked out, and tagged out. 
                                    (Simply turning a switch off is NOT enough.)

Shut off energy sources and lock switchgear in the OFF position.
 Each worker should apply his or her individual lock. 

                                              Do not give your key to anyone.
Test equipment and circuitry to make sure they are de-energized.

                                               This must be done by a qualified person.*
Deplete stored energy by bleeding, blocking, grounding, etc.
Apply a tag to alert other workers that an energy source or 

                                               piece of equipment has been locked out.
Make sure everyone is safe and accounted for before equipment and circuits 

                                                are unlocked and turned back on. 
Note that only a qualified person may determine when it is safe to re-energize circuits.

*OSHA defines a "qualified person" as someone who has received mandated training on the hazards
                         and on the construction and operation of equipment involved in a task.
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Places to look at



Fire Extinguishers
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Fire 
Extinguisher 

Ratings 
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Class A Extinguishers 

Class A Extinguishers will put out fires in 
ordinary combustibles, such as wood and 
paper. The numerical rating for this class of 
fire extinguisher refers to the amount of 
water the fire extinguisher holds and the 
amount of fire it will extinguish. 
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Class B Extinguishers

• Class B Extinguishers should be used on 
fires involving flammable liquids, such as 
grease, gasoline, oil, etc. The numerical 
rating for this class of fire extinguisher states 
the approximate number of square feet of a 
flammable liquid fire that a non-expert 
person can expect to extinguish. 
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Class C Extinguishers

• Class C Extinguishers are suitable for use 
on electrically energized fires. This class 
of fire extinguishers does not have a 
numerical rating. The presence of the 
letter “C” indicates that the extinguishing 
agent is non-conductive. 
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Class D Extinguishers

• Class D Extinguishers are designed for use on 
flammable metals and are often specific for 
the type of metal in question. There is no 
picture designator for Class D extinguishers. 
These extinguishers generally have no rating 
nor are they given a multi-purpose rating for 
use on other types of fires. 
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FLAMMABLE METAL
• Metal/Sand Extinguishers are for flammable metals (class D fires) and work by simply 

smothering the fire. The most common extinguishing agent in this class is sodium chloride, 
but there are a variety of other options. You should have an approved class D unit if you are 
working with flammable metals. The following types of class D extinguishing units are 
available through our on-line store, Safety Emporium. 

• Sodium chloride (NaCl) works well for metal fires involving magnesium, sodium (spills and in 
depth), potassium, sodium/potassium alloys, uranium and powdered aluminum. Heat from 
the fire causes the agent to cake and form a crust that excludes air and dissipates heat. 

• Powdered copper metal (Cu metal) is preferred for fires involving lithium and lithium alloys. 
Developed in conjunction with the U.S. Navy, it is the only known lithium fire fighting agent 
which will cling to a vertical surface thus making it the preferred agent on three dimensional 
and flowing fires. 

• Graphite-based powders are also designed for use on lithium fires. This agent can also be 
effective on fires involving high-melting metals such as zirconium and titanium. 

• Specially-designed sodium bicarbonate-based dry agents can suppress fires with most metal 
alkyls, pyrophoric liquids which ignite on contact with air, such as triethylaluminum, but do 
not rely on a standard BC extinguisher for this purpose. 

• Sodium carbonate-based dry powders can be used with most Class D fires 
involving sodium, potassium or sodium/potassium alloys. This agent is 
recommended where stress corrosion of stainless steel must be kept to an 
absolute minimum.



What kind do I use?
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P  A  S   S 

•Pull
•Aim
•Squeeze 
•Sweep 
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•Pull the pin at the top of 
the extinguisher that keeps 

the handle from being 
accidentally pressed. 
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•Aim the nozzle 
toward the base of 

the fire. 
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•Sweep the nozzle back 
and forth at the base of 

the fire. 
•After the fire appears to 
be out, watch it carefully 

since it may re-ignite! 



Use the P.A.S.S. method

• P - 

• A - 

• S -

• S - 

Pull the pin

Aim at the base of the fire

Squeeze the trigger

Sweep from side to side

Empty the entire contents of 
the extinguisher if possible
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BLOCKING
 and 

CRIBBING
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Blocking

• Blocking is the ride’s foundation

• Concrete blocks are not acceptable blocking

• Blocking must be wider than the ride’s mud sill 
or landing gear

• Blocking must be wider than it is high

• Blocking must be in good condition



BLOCKING
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Blocking

Blocking is the ride’s foundation
• Concrete blocks are not acceptable blocking
• Blocking must be wider than the ride’s mud 

sill or landing gear
• Blocking must be wider than it is high
• Blocking must be in good condition

08/2011 N.A.A.R.S.O. 246



Rides General Requirements

• Rides, attractions and related item that are 
required to be level must be properly blocked 
and maintained to insure safety

08/2011 N.A.A.R.S.O. 247
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Blocking height should not exceed the width of the base

08/2011 N.A.A.R.S.O. 253
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INSPECTIONS
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LOCATION AND INSTALLATION:

All rides,
 walk through shows, 

and funhouses, 
should be located in such a manner 
that they do not physically interfere 

with other rides.
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Distance from
Clearance to Ride and Attractions.
 Amusement rides and amusement attractions shall be 
maintained not less than 15ft(4.57m)
in any direction from overhead conductors operating at 600 volts 
or less, except for the conductors supplying the amusement ride 
or attraction. 
Amusement rides or attraction shall not be located under
or within 15ft(4.57 m) horizontally of conductors operating in 
excess of 600 volts.

HOW MANY FEET FROM POINT OF CONTACT????
00000 ?
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FENCING ASTM F 1159

• 42” ABOVE GRADE
• UPRIGHT RAIL NO WIDER THAN 4”

• SHALL NOT TIP OVER
• GATES ARE TO OPEN AWAY FROM RIDE

• SELF CLOSING AND LOCKING



Chains/Sprockets

Chain wear and jumping sprocket teeth
• The key factor causing chain to jump sprocket 

teeth is chain wear elongation.
•  Because of wear elongation, the chain creeps 

up on the sprocket teeth until it starts jumping 
sprocket teeth and can no longer engage with 
the sprocket.
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WIRE ROPE 

N.A.A.R.S.O.08/2011
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Wire Rope

• Wire ropes are manufactured in a great 
variety of constructions to meet the varying 
demands of usage.
– Where abrasion is an important factor the rope 

must be made of course construction with 
relatively large wire.

– Where flexibility is the issue because the rope is 
subject to more bending the construction should 
be of many smaller wires.

08/2011 N.A.A.R.S.O. 270
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KINKING
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CRUSHING



• Birdcage
• Usually 

caused by 
sudden 
release of 
load

08/2011 N.A.A.R.S.O. 274

Birdcage



Wire Rope Failure

• Incorrect size, construction, or grade 
• Dragging over obstacles
• Improper lubrication
• Operating over sheaves or drums of improper 

size or improperly fitted groves
• Jumping off sheaves
• Subjecting to severe or continuing overload

08/2011 N.A.A.R.S.O. 275



Criteria

• A) general condition
• B) More than 1 valley break in a lay
• C) abrasion or peening causing loss of outside 

diameter
• D) deterioration from corrosion
• E) severe kinking
• F) heat damage

08/2011 N.A.A.R.S.O. 276
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CORRECT
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CORRECT

WRONG WAY
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Fist grip connectors

•    

08/2011 N.A.A.R.S.O. 281



WIRE ROPE 
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FASTENERS

284N.A.A.R.S.O.08/2011



285

FASTENERS

• Threaded fasteners make use of the wedging 
action of the screw thread to clamp parts 
together.

• To achieve maximum strength , a threaded 
fastener should screw into its mating part at 
least a distance equal to 1 ½ times the thread 
diameter.

N.A.A.R.S.O.08/2011
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BOLT 

• A bolt is the term used for a threaded 
fastener, with a head, designed to be used in 
conjunction with a nut. 

N.A.A.R.S.O.08/2011
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UNC 

• Unified National Coarse (UNC) is a thread form 
with a 60 degree flank angle rounded roots 
and flat crests. For a given diameter it has a 
larger thread pitch than an equivalent 
diameter UNF thread. The unified thread is 
based on inch sizes and was first standardized 
in 1948 unifying the Whitworth and American 
standard thread forms. 

N.A.A.R.S.O.08/2011
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UNF 

• Unified National Fine (UNF) is a thread form 
with a 60 degree flank angle rounded roots 
and flat crests. For a given diameter it has a 
smaller thread pitch than an equivalent 
diameter UNC thread. 

N.A.A.R.S.O.08/2011
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¼ = 6 mm.
5/16 = 8mm.
3/8 = 10 mm.
½ = 12mm
9/16 = 14mm.
5/8 = 16mm.
¾ = 19mm
7/8 =      22mm
1 = 25mm

 What is the close size’s between
Fraction size wrench's   to  mm. size  wrench's 
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3 IS     5    [5.8]

6     IS     8  [10.9]



QUESTION:

 5 marks on bolt head
 
                          is what grade ?

7
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Tensile Strength

• Tensile strength measures the force required to PULL 
something such as rope, wire, or a structural beam to 
the point where it breaks.

304

Torque

• Torque, the tendency of a force to cause a rotation, is the product 
of the force and the distance from the center of rotation to the point 
where the force is applied.

 
      Torque is measured in newton meter (N·m) or foot pounds foot 

pounds (ftlb) 

     One newton meter is approximately 0.737 562 pound foot. 
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ANTI-SEIZE COMPOUND 

• An anti-seize compound is used on the threads of 
fasteners in some applications. The purpose of the 
compound depends upon the application. It can 
prevent galling of mating surfaces - such 
compounds are frequently used with stainless 
steel fasteners to prevent this effect from 
occurring. In some applications it is used to 
improve corrosion resistance to allow the parts to 
be subsequently dis-assembled Thirdly, it can 
provide a barrier to water penetration since the 
threads are sealed by use of the compound. 

N.A.A.R.S.O.08/2011



306

STRUCTURAL BOLT 

• A structural bolt is a heavy hexagon head bolt having 
a controlled thread length intended for use in 
structural connections and assembly of such 
structures as buildings and bridges. The controlled 
thread length is to enable the thread to stop before 
the joint ply interface to improve the fastener's 
direct shear performance. This term is used in civil 
and structural engineering but is not frequently used 
in mechanical engineering. 

N.A.A.R.S.O.08/2011
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THREADLOCKER 

• Can be a term used for a number of vibration 
resistant products but is now usually reserved 
for threadlocking adhesives. Specifically, a 
liquid anaerobic adhesive applied to nut or 
bolt thread, once hardened it fills the inner 
spaces between the threads to produce a solid 
plastic of a known shear strength. 

N.A.A.R.S.O.08/2011



309

THREADLOCK COLORS
 
• Color  usage description 
• purple 1/4 " screws removable 
• blue 1/4 " bolts  removable 
• red 3/4 "   and up bolts  permanent 
• green 1/2" bolts  high strength compound 

• Thread lock is both a sealant and when wet a lubricant;
             will change torque by     ABOUT 15%     YOU MUST READ THE LABEL

N.A.A.R.S.O.08/2011
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TORQUE 

• A rotational moment; it is a measure of how 
much twisting is applied to a fastener. The 
units used to measure torque are in the form 
of force times length. Usually measured in 
newton-metres (Nm) if metric units are used 
or pounds feet (lb-ft) when imperial units are 
used. 

N.A.A.R.S.O.08/2011



Torque

• A bolt that has been over tightened can be just as lethal as 
one that hasn't been tightened enough

• Identical bolts, when tightened to identical 
torque values, will vary substantially in their 
actual tensions (typically plus or minus 25%, and 
not uncommonly plus or minus 50%).  Why? 
Because 85% of your torque is consumed by 
friction. 

• Dirt on threads; Texture of surface; Lubricants or 
Adhesives (lock tite)
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TORQUE WRENCH 

• A manual wrench which incorporates a gauge 
or other method to indicate the amount of 
torque transferred to the nut or bolt. 

N.A.A.R.S.O.08/2011



Torque Wrenches
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Inch Grade Marks on Head Material

Tensile Strength Yield Strength

N/mm2 psi N/mm2 psi 

2 none Steel 510 74,000 393 57,000

5 3 Steel 827 120,000 634 92,000

8 6 Alloy Steel 1030 150,000 896 130,000

SHCS none Alloy Steel 1240 180,000 965 140,000

18-8 none 302 Stainless 690 100,000 448 65,000

316 none 316 Stainless 690 100,000 448 65,000

Metric Class Marks on Head Material

Tensile Strength Yield Strength

N/mm2 psi N/mm2 psi 

8.8 8.8 Steel 800 116,000 640 93,000

10.9 10.9 Steel 1040 151,000 940 136,000

12.9 12.9 Alloy Steel 1220 177,000 1100 160,000

A2-70 A2-70 302 Stainless 700 102,000 450 65,000

A4-80 A4-80 316 Stainless 800 116,000 600 87,000



Safety Pins and Keys

R Key
Mouse Key

Lynch Pin
Klick Pin

Diaper Pin
Cotter Pin

D Ring Pin



           GLOSSARY OF TERMS
ASTM     AMERICAN SOCIETY FOR TESTING MATERIALS 
              (CHEMICAL AND PHYSICAL SPECIFICATIONS)
 
 
ANSI      AMERICAN NATIONAL STANDARDS INSTITUTE

 ( DIMENSIONAL SPECIFICATIONS)
 
SAE SOCIETY OF AUTOMOTIVE ENGINEERS SPECIFICATION OF    GRADE 5 AND 
GRADE 8 HARDWARE
 
ASME AMERICAN SOCIETY OF MECHANICAL ENGINEERS
 
 
ISO INTERNATIONAL ORGANIZATION FOR STANDARDS
 
 
FQAFASTENER QUALITY ACT  (PUBLIC LAW 101-592) ENACTED 

MAY 27,1998
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SHEAR

TORSION

TENSION
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Nuts and Bolts:
Unless other-wise
specified should be
 a minimum 
Grade Five (3 marks)
Grade 8 has six marks
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BOLT TORQUE FACTORS
LUBRICANT OR PLATINGTORQUE 

CHANGES

• Oil                                                  Reduce torque 15% to 25%
• Dry Film (Teflon or moly based)    Reduce torque 50%
• Dry Wax (Cetyl alcohol)                Reduce torque 50%
• Chrome plating                                No change
• Cadmium plating                             Reduce torque 25%
• Zinc plating                                Reduce torque 15%
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Fasteners
•R clips must be

•  the right size for 
the job

• They must not be 
• bent out of shape

• They must still have
•  the proper tension

• They must be 
properly

•  installed08/2011 N.A.A.R.S.O. 322
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CREEP 
• Creep is deformation with time when a part is subjected to 

constant stress. Metals creep can occur at elevated 
temperature however with gasket materials it can occur at 
normal ambient temperatures. Creep resistance is an 
important property of gasket materials. Gasket materials are 
designed to flow under stress to fill any irregularities in the 
flange surface. The amount of creep sustained tends to 
increase with temperature. . However once the tightening is 
completed it is important that no further flow occurs since 
such deformation will lead to a reduction in bolt extension 
and subsequently the stress acting on the gasket. If this stress 
is reduced to below a certain minimum, which depends upon 
the type and construction of the gasket and the operating 
temperature, a high rate of leakage can be anticipated to 
occur. 
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LOCK NUT 

– There are two common usage's of this term: 
– 1. A nut which provides extra resistance to vibration 

loosening by either providing some form of prevailing 
torque, or, in free spinning nuts, by deforming and/or 
biting into mating parts when fully tightened. 

– 2. The term is sometimes used for thin (or jam) nuts used 
to lock a thicker nut. When used in this way the thin nut 
should be adjacent to the joint surface and tightened 
against the thick nut. If placed on top of the thick nut the 
thin nut would sustain loads it was not designed to 
sustain.
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NYLOC NUT 

• A torque prevailing nut that uses a nylon 
patented insert to provide a locking feature. 
The nylon insert, it is claimed, helps to seal the 
bolt thread against seepage of water, oil, 
petrol, paraffin and other liquids. 
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Welding
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Welding processes

• SMAW………Shielded Metal Arc Welding (stick)
• SAW…………Submerged Arc Welding
• GTAW……….Gas Tungsten Arc Welding (TIG)
• GMAW………Gas Metal Arc Welding (MIG)
• FCAW……….Flux Core Arc Welding
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SMAW………Shielded Metal Arc Welding (stick)

• SMAW is an arc welding process in which the 
coalescence of metals is produced by heat from an 
electric arc that is maintained between the tip of a 
covered electrode and the base metal in the joint 
being welded.
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SAW…………Submerged Arc Welding

• Produces coalescence of metals by heating them 
with an arc between a bare metal electrode and the 
work. The arc and molten metal are submerged in a 
blanket of granular fusible flux on the work. 
Pressure is not used, and filler metal is obtained 
from the electrode and sometimes from a 
supplemental sourse such as welding rod or metal 
granules
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GTAW……….Gas Tungsten Arc Welding (TIG)

• Is an arc welding process that uses an arc between 
a tungsten electrode and the weld pool. The 
process is used with shielding gas and without the 
application of pressure. The process may be used 
with or without filler metal.
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GMAW………Gas Metal Arc Welding (MIG)

• Is an arc welding process that uses an arc between 
a continuous filler metal electrode and the weld 
pool. The process is used with shielding from an 
externally supplied gas and without the application 
of pressure. It can be used to weld all commercial 
metals and alloys.
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FCAW……….Flux Core Arc Welding

• Is an arc welding process that uses an arc between 
a continuous filler metal electrode and the welding 
pool. The process is used with shielding from a flux 
contained within the tubular electrode, with or 
without the application of pressure. The flux cored 
electrode is a composite tubular filler metal 
electrode consisting of a metal sheath and a core of 
various powdered materials. 
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Discontinuities
• Porosity

• Incomplete Fusion

• Incomplete Joint 
Penetration

• Undercut

• Underfill

• Overlap
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Welding Discontinuities

Incomplete Fusion - A weld 
discontinuity in which fusion 
did not occur between weld 
metal and fusion faces or 
adjoining weld beads. 

Undercut - A groove melted into the base 
metal adjacent to the weld toe or weld root 

and left unfilled by weld metal. 
Overlap - The protrusion of weld metal beyond 

the weld toe or weld root.
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Underfill - A condition in which the weld face or 
root surface extends below the adjacent 

surface of the base metal. 
Incomplete Joint Penetration - A joint root 

condition in a groove weld in which weld metal 
does not extend through the joint thickness

Partial joint penetration groove welds are commonly specified in lowly loaded 
structures.  However, incomplete joint penetration when a full penetration joint is 
required, as depicted above, would be cause for rejection.  A fix for an incomplete 
penetration joint would be to back gouge and weld from the other side.   Another 
acceptable partial penetration joint is shown below. 

Partial penetration joint on the left without 
discontinuities is an acceptable condition where 
appropriate.  Appropriate engineering decisions need 
to be applied to determine what type of joint should 
be specified for a given application. 
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several different representations of weld Cracking 
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Below is a representation of a convex fillet weld without discontinuities. 



Porosity
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Undercut / Overlap
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undercut
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Longitudinal crack in submerged arc weld
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DISTORTION
Welding involves highly localized heating of the metal being 

joined together.  The temperature distribution in the weldment is 
therefore nonuniform.  Normally, the weld metal and the heat 
affected zone (HAZ) are at temperatures substantially above 

that of the unaffected base metal.  Upon cooling, the weld pool 
solidifies and shrinks, exerting stresses on the surrounding 

weld metal and HAZ.  
If the stresses produced from thermal expansion and 

contraction exceed the yield strength of the parent metal, 
localized plastic deformation of the metal occurs. Plastic 
deformation results in lasting change in the component 

dimensions and distorts the structure.  This causes distortion of 
weldments.

Several types of distortion are listed below:
  Longitudinal shrinkage 
  Transverse shrinkage 

  Angular distortion 
  Bowing 
  Buckling 
  Twisting 



2/5/2021 N.A.A.R.S.O. 344



345

    N. D. T. 

N.A.A.R.S.O.08/2011
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N D T

•What is NDT? 
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The field of Nondestructive Testing (NDT) is a very broad, 
interdisciplinary field that plays a critical role in assuring that structural 
components and systems perform their function in a reliable and cost 
effective fashion. NDT technicians and engineers define and 
implement tests that locate and characterize material conditions and 
flaws that might otherwise cause planes to crash, reactors to fail, 
trains to derail, pipelines to burst, and a variety of less visible, but 
equally troubling events. These tests are performed in a manner that 
does not affect the future usefulness of the object or material. In other 
words, NDT allows parts and material to be inspected and measured 
without damaging them. Because it allows inspection without 
interfering with a product's final use, NDT provides an excellent 
balance between quality control and cost-effectiveness. Generally 
speaking, NDT applies to industrial inspections. Technology that is used 
in NDT is similar to those used in the medical industry; yet, typically 
nonliving objects are the subjects of the inspections.  



Nondestructive Testing
• Visual Weld Inspection – Looks for 

surface abnormalities in all materials
• Magnetic Particle – Used to detect surface 

defects (some subsurface to ¼”) on ferrous 
materials

• Liquid Penetrant – Used to detect open to 
the surface defects on mostly non-ferrous 
materials

• Ultrasound – Used to detect subsurface 
defects
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In general, 
the purpose of NDT will fall into one of the following categories:

1. Determination of material properties

2. Detection, characterization, location and sizing of 
discontinuities/defects

3. Determining quality of manufacture or fabrication of  a 
component/structure

 
4. Checking for deterioration after a 

period of service for a component/structure 
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Magnetic Particle (MT)

This method is used to detect surface defects and 
subsurface indications no more than ¼” below the 
surface.

Magnetic fields are induced at the location.(either 
longitudinal or circular)

The area is dusted with metal or iron particles.

Magnetic yoke is used for surface detection

Rectified current has subsurface capabilities.
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Magnetic Particle Testing (MT) 

This NDT method is accomplished by inducing a 
magnetic field in 

FERROMAGNETIC MATERIAL
and then dusting the surface with iron particles 

(either dry or suspended in liquid). 

WHAT ABOUT  S/S  ?
N.A.A.R.S.O.08/2011



Magnetic Particle
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Surface and near-surface flaws 
produce magnetic poles or
 distort the magnetic field 

in such a way 
that the iron particles 

are attracted and concentrated. 

This produces a visible indication of defect 
on the

surface of the material.  



Ultrasonic (UT)
• Used for subsurface flaws.
                           Commonly used on shafts
• A transducer produces sound waves which are                
                          sent through the test part
• When properly calibrated to the material tested 

the ultrasonic echo will show the presence of an 
indication and even its location within the part.

• Requires knowledge of the part, location of  
                                   keyways, steps etc. 
          Blueprints of part should be available.
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Radiography (RT)

This method uses short light waves or radiation 
waves.

A photographic image is produced by passing 
x-rays, gamma rays, and/or electrons through 
the test object onto a film.

More light passes through the flaw and creates a 
darker spot on the film
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Visual and Optical Testing (VT) 
 

The most basic NDT method is visual examination.
 

Visual examiners follow procedures that range from 
simply looking at a part to see if surface 

imperfections are visible, 
to using computer controlled camera systems to 

automatically recognize and measure features of a 
component.

N.A.A.R.S.O.08/2011
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Visual

360



Visual 
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Penetrate Testing (PT) 
The test object is coated with a solution that contains a visible or 

fluorescent dye. 
Excess solution is then removed from the surface of the object but 

leaving it in surface breaking defects. 
A developer is then applied to draw the penetrate out of the defects. 

With fluorescent dyes,
 ultraviolet light is used to make the bleedout fluoresce brightly, 

thus allowing imperfections to be readily seen .
 With visible dyes, 

vivid color contrasts between the penetrate and developer make 
"bleedout" easy to see. 

The red indications below represent a number of defects in this 
component.

What is dwell time??????         BETWEEN 5 AND 20 MIMS.
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Liquid Penetrant
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HYDRAULICS /
PNEUMATICS

N.A.A.R.S.O.08/2011
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Hydraulics 
The science dealing with the transmission of force

 through the medium of a contained fluid. 

N.A.A.R.S.O.08/2011



367

PRESSURE RELIEF VALVE 
A pressure relief valve is a safety device and is required on all 

hydraulic systems.
 Once adjusted,

 the pressure relief valve opens whenever the pressure goes 
beyond the value set and allows oil to flow back to the 

reservoir. 

N.A.A.R.S.O.08/2011



Safety release valve / pop safety



Pressure Relief Valve
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Pressure Gauge
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PUMPS 
The building block of any hydraulic system is the pump .

 The most common designs are the vane, gear and piston. 
All are well suited to common hydraulic uses with the piston 

design best suited for higher pressures.
 The variable displacement type is particularly well suited in 

circuits using hydraulic motors where variable speeds and the 
ability to reverse is needed.

N.A.A.R.S.O.08/2011



PUMP
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Hydraulic Tank (fluid reservoir)
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ACCUMULATORS 
An accumulator is used to store hydraulic oil, 

UNDER PRESSURE,

 to pressurize the system while the pump is unloaded. 
This oil is also used to supplement the power pump output 

during times of heavy use or for limited operations when the 
pump is not working. 

Accumulators also dampen surges within the hydraulic 
system. 

N.A.A.R.S.O.08/2011



Accumulators
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HYDRAULIC MOTORS 

Hydraulic motors are another important piece of the 
hydraulic system.

 However,

 instead of a cylinder (force moving linear) 
the motor uses hydraulic pressure 

to rotate.

when it's operated oil enters the motor and turns the shaft.
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The SPEED

 of a hydraulic motor 
is dependent 

on the amount of oil supplied
 by the pump

and 

The TORQUE

 is dependent on the
 amount of pressure supplied. 



IF A BIG WHEEL HAS 4 MOTORS ON THE RIMN 
DRIVE AND ONE IS NOT WORKING.

1. WHAT HAPPENS ?

2. WHAT DO YOU NEED TO DO?
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Cylinder

Hydraulic Actuators
A hydraulic actuator receives pressure energy and converts it to mechanical force 

and motion. An actuator can be linear or rotary. A linear actuator gives 
force and motion outputs in a straight line. It is more commonly called a cylinder but 

is also referred to as a ram,
 reciprocating motor, or linear motor. A rotary actuator produces 

torque and rotating motion. It is more commonly called
 a hydraulic motor or motor. 



Pneumatic 
 relating to, or using air.
Moved by air pressure.

 Filled with compressed air. 

N.A.A.R.S.O.
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Compressor 
A machine that compresses air, gases.

N.A.A.R.S.O.08/2011
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Check valve
 A valve that permits flow in one direction only.

N.A.A.R.S.O.08/2011



           
-check valve -free flow one 

direction, blocked flow in other 
direction 

              
               

Check valves
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Control valve 
A valve that controls the flow in air lines. 

N.A.A.R.S.O.08/2011
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Air receiver
 A receptacle which serves to store compressed air 

for heavy demands
 in excess of compressor capacity

N.A.A.R.S.O.08/2011



 Filter or Strainer
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 GENERAL
INFORMATION
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NFPA 70 National Electrical Code
NFPA 101 Life Safety Code
DOT Department of Transportation
FRA Federal Railroad Administration
OSHA              Occupational Safety and Health Administration
CPSC Consumer Products Safety Commission
EPA Environmental Protection Agency

N.A.A.R.S.O.08/2011
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ASTM International – 
ASTM International (ASTM),

 originally known as the American Society for Testing and 
Materials, 

is an international standards organization that develops and 
publishes voluntary consensus technical standards for a wide 

range of materials, 
products, systems, and services. 

The organization's headquarters is in 
West Conshohocken, Pennsylvania, 

about 5 miles northwest of Philadelphia.

N.A.A.R.S.O.08/2011



Fence
• Per ASTM F 2291-04
• Shall be at least 42” above the surface
• Shall be constructed to reject a 4” ball at all openings.
• Shall be designed to inhibit overturning by spectators

Stairs
42” above the tread nose
Handrails 34” – 38” above the tread nose

»            Gates
•  Shall open away from the ride or device unless equipped 

with a positive lock device
• Shall be designed so that if opened will not contact the 

device or passengers
08/2011 N.A.A.R.S.O. 392



On The Midway
First Stop - The Generator 

• Properly grounded 

• Need 25 ohms or less resistance to ground 
or

• 2 ground rods 8’ long, 6’ part, in series
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INSPECTION
POINTS

GROUND RODS 
•Rods and pipes must have at least 8’ of their length in 
contact with the soil. Driven in at an angle not greater 
than 45 degrees or buried in a trench not less than 2 ½ 
ft. deep.

•The upper end of the electrode and electrode 
attachment shall be flush with the ground unless 
protected from damage.
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INSPECTION
POINTS

PLATE ELECTRODES
•In lieu of rods for grounding electrodes, plate 
electrodes may be used provided they are not less 
than 2 square feet of surface area in size and at least 
on quarter inch thick.

•Plate electrodes shall be buried not less than 2 ½ feet 
below the surface.
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Fencing
Per ASTM F 1159
• Shall be at least 42” above the surface

• Shall be constructed to reject a 4” ball
 
• Shall be designed to inhibit overturning
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Gates
Per ASTM F 1159

• Shall open away from the ride unless 
equipped with a positive locking device

• Shall be designed it will not contact ride or 
passengers

397



COASTER      FACTS

08/2011 N.A.A.R.S.O. 398

Anti-Rollback Device - A ratcheting mechanism used on a lift hill or section of a roller 
coaster that prevents the cars or trains from rolling backwards. This is the device that 
causes the familiar clicking sound on many lift hills. 

Guide Wheels - These are a set of wheels that guides the train in turns and prevents 
the train from falling off the rail or track. Guide wheels are attached to the 
underside of the car or train and run along the inside or outside of the track. 

Bents - The vertical wood beams on a wooden roller coaster's structure. 

Block - Used to describe a section of track on the course of a roller coaster. Blocks 
are separated by brakes, lifts, stations or other devices that enable a train to be 
stopped and most coasters are designed to operate with only one train moving in 
each block at any time. 
Guide Wheels - These are a set of wheels that guides the train in turns and 
prevents the train from falling off the rail or track. Guide wheels are attached to 
the underside of the car or train and run along the inside or outside of the track. 

What grade faster do we NEVER use 
in the amusement industry ?
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A governor, or speed limiter, is a device used to measure and regulate the 
speed of a machine, such as an engine.

A sprocket is a profiled wheel with teeth that mesh with a chain, track or other 
perforated or indented material.[1][2] The name 'sprocket' applies generally to any wheel 
upon which are radial projections that engage a chain passing over it. It is distinguished 
from a gear in that sprockets are never meshed together directly, and differs from a 
pulley in that sprockets have teeth and pulleys are smooth.

Revolutions per minute (abbreviated rpm, RPM, r/min, or r·min−1) is a measure of the 
frequency of a rotation. It annotates the number of full rotations completed in one 
minute around a fixed axis. It is used as a measure of rotational speed of a mechanical 
component.

 Hertz 60 /50  - in the United States, common house electrical supply is at 60 
hertz (meaning the current changes direction or polarity 120 times, or 60 cycles, 
a second). (In Europe, line frequency is 50 hertz, or 50 cycles per second.)

Newton- is an SI unit of force equivalent to the force that produces an acceleration of 
one meter per second per second on a mass of one kilogram. 
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blood-borne disease is one that can be spread by contamination by blood.
The most common examples are HIV, hepatitis B, hepatitis C and viral hemorrhagic fevers.

Bloodborne Pathogens
 Bloodborne pathogens are microorganisms in the blood or other body fluids 
that can cause illness and disease in people. These microorganisms can be 
transmitted through contact with contaminated blood and body fluids. 
When bloodborne diseases are mentioned, most people think automatically of 
AIDS, but actually HBV, or the hepatitis B virus, is much more common. AIDS is 
usually fatal, though it may take years for symptoms to appear. HIV, the virus 
that causes AIDS, is primarily transmitted through sexual contact, though it may 
also be contracted through contact with contaminated blood or some body 
fluids. HBV attacks the liver, and is sometimes fatal. It is transmitted through 
saliva, blood and other body fluids. 

NFPA 101, Life Safety Code, shall be known as the Life Safety Code®, is cited as such, and shall 
be referred to herein as “this Code” or “the Code.” 1.1.2 Danger to Life from Fire. The Code 
addresses those construction, protection, and occupancy features necessary to minimize danger 
to life from the effects of fire, including smoke, heat, and toxic gases created during a fire. 1.1.3 
Egress Facilities. The Code establishes minimum criteria for the design of egress facilities so as to 
allow prompt escape of occupants from buildings or, where desirable, into safe areas within 
buildings. 1.1.4 Other Fire-Related Considerations. The Code addresses other considerations that 
are essential to life safety in recognition of the fact that life safety is more than a matter of 
egress. The Code also addresses protective features and systems, building services, operating 
features, maintenance activities, and other provisions in recognition of the fact that achieving an 
acceptable degree of life safety depends on additional safeguards to provide adequate egress 
time or protection for people exposed to fire.
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CHAIRLIFTS / TRAMWAYS /AERIAL

A chairlift (technically, an elevated passenger ropeway),
 is a type of aerial lift, 

which consists of a continuously circulating steel cable loop 
strung between two end terminals and usually over intermediate 

towers,
 carrying a series of chairs. 

They are the primary on hill transport at most ski areas 
(in such cases referred to as 'ski lifts'), 

but are also found at amusement parks, 
various tourist attractions,

 and increasingly, in urban transport.
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The standards produced by ASTM International 
fall into six categories:

 • Standard Specification, 
       that defines the requirements to be satisfied by subject of the standard. 
• Standard Test Method, 
      that defines the way a test is performed. The result of the test may be used to 

assess compliance with a Specification. 
• Standard Practice,
      that defines a sequence of operations that, unlike a test, does not produce a result. 
• Standard Guide, 
      that provides an organized collection of information or series of options that does 

not recommend a specific course of action. 
• Standard Classification, 
      that provides an arrangement or division of materials, products, systems, or 

services into groups based on similar characteristics such as origin,
      composition, properties, or use. 
• Terminology Standard,
       that provides agreed definitions of terms used in the other standards. 

N.A.A.R.S.O.08/2011



“ASME - American Society of 
Mechanical Engineers” 

Boiler and Pressure Vessel Code
Establishes rules of safety governing the 
design, fabrication, and inspection of boilers
and pressure vessels, and nuclear power 
plant components during constructions
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AWS - American Welding Society 

A multifaceted, nonprofit organization with a
goal to advance the science, technology and
application of welding and related joining
disciplines. 
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“ANSI - American National 
Standards Institute” 

Coordinates the U.S. voluntary
consensus standards system, serves as a
watchdog for standards development. 
The federation also accredits qualified 
organizations, who meet all of ANSI’s
Requirements. However, ANSI itself
does not develop standards. 
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ANSI B77.1 

Deals with the design, manufacture, 
construction, operation and maintenance of 
different systems of passenger 
transportation systems that use cables,
ropes or other flexible elements in the
system for power transmission 
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 “ASTM - American Society for 
Testing and Materials” 

Are standards developer in the USA
using a concesous process, supports
thousands of volunteer technical
committees, which draw their members from
around the world and collectively develop
and maintain more than 12,000 standards.
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“ASTM Committee F24 on 
Amusement Rides and 

Devices” 

 - Scope is the development of 
standard methods of test, per formance 
specifications, definitions, maintenance, 
operations, and practices and guides for 
amusement rides and devices. 
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F 846– Standard Guide for Testing performance 
of Amusement Rides and Devices

F 698 – Standard Specification for Physical 
Information to be Provided for Amusement Ride 
and Devices 

F 747– Standard Terminology Relating to 
Amusement Rides and devices

F–24 Committee Standards
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F–24 Committee Standards
F 1193 – Standard Practice for Amusement Rides and 

Devices Manufacturer’s Quality Assurance Program 
and Manufacturing Requirements

F 853 – Standard Practice for Maintenance procedures 
for Amusement Rides and Devices

F 770 – Standard Practice for Operation Procedures 
for Amusement Rides and devices

F 2291 – Standard Practice for Design of Amusement 
Rides and Devices
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National Fire Protection 
Association 70: 

National Electrical Code
This Code covers the installation of electrical 

conductors, equipment, and raceways; 
signaling and communications conductors, 
equipment, and raceways; and optical fiber 
cables and raceways for Yards, lots, parking 
lots, carnivals, and industrial substations . NEC 
Article 525
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NFPA 101: 
Life Safety Code 

Establishes minimum requirements for new
and existing buildings to protect building 
occupants from fire, smoke, and toxic 
fumes.  
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Fall Protection
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Fall protection
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OSHA
• Section 5(a)(1) of the OSH Act,
•  often referred to as the General Duty Clause, 

requires employers to "furnish to each of his 
employees employment and a place of employment 
which are free from recognized hazards that are 
causing or are likely to cause death or serious 
physical harm to his employees".

•  Section 5(a)(2) requires employers to "comply with 
occupational safety and health standards 
promulgated under this Act".
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Guardrail Systems 
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• Where workers on a construction site are exposed 
to vertical drops of 6 feet or more, OSHA requires 
that employers provide fall protection in one of 
three ways before work begins: 

• Placing guardrails around the hazard area. 
• Deploying safety nets. 
• Providing personal fall arrest systems for each 

employee. 
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• Top edge height of top rails, or equivalent 
guardrail system members, must be between 
39 and 45 inches above the walking/working 
level, except when conditions warrant 
otherwise and all other criteria are met (e.g., 
when employees are using stilts, the top edge 
height of the top rail must be increased by an 
amount equal the height of the stilts). 
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• Midrails, screens, mesh, intermediate vertical members, or 
equivalent intermediate structures, must be installed  
between the top edge and the walking/working surface 
when there is no wall or other structure at least 21 inches 
high. 

• Midrails must be midway between the top edge of the 
guardrail system and the walking/working level. 

• Screens and mesh must extend from the top rail to the 
walking/working level, and along the entire opening 
between rail supports. 

• Intermediate members (such as balusters) between posts 
must be no more than 19 inches apart. 

• Other structural members (such as additional midrails or 
architectural panels) must be installed so as to leave no 
openings wider than 19 inches. 
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• Guardrail systems must be capable of withstanding at least 
200 pounds of force applied within 2 inches of the top 
edge, in any direction and at any point along the edge, and 
without causing the top edge of the guardrail to deflect 
downward to a height less than 39 inches above the 
walking/working level. 

• Midrails, screens, mesh, and other intermediate members 
must be capable of withstanding at least 150 pounds of 
force applied in any direction at any point along the midrail 
or other member. 

• Guardrail systems must not have rough or jagged surfaces 
that would cause punctures, lacerations, or snagged 
clothing. 

• Top rails and midrails must not cause a projection hazard 
by overhanging the terminal posts 
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Personal Fall Arrest Systems 
• Ensure that personal fall arrest systems will, when 

stopping a fall: 
• Limit maximum arresting force to 1,800 pounds. 
• Be rigged such that an employee can neither free fall 

more than 6 feet nor contact any lower level. 
• Bring an employee to a complete stop and limit 

maximum deceleration distance to 3½ feet. 
• Have sufficient strength to withstand twice the 

potential impact energy of a worker free falling a 
distance of 6 feet, or the free fall distance permitted 
by the system, whichever is less 
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• Remove systems and components from service 
immediately if they have been subjected to fall 
impact, until inspected by a competent person and 
deemed undamaged and suitable for use. 

• Promptly rescue employees in the event of a fall, or 
assure that they are able to rescue themselves. 

• Inspect systems before each use for wear, damage, 
and other deterioration, and remove defective 
components from service. 
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• Do not attach fall arrest systems to guardrail 
systems or hoists. 

• Rig fall arrest systems to allow movement of the 
worker only as far as the edge of the 
walking/working surface, when used at hoist areas. 
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BODY HARNESS
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BODY HARNESS
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FALL HAZARD DEFINITIONS
Continued

 LANYARD:
29 CFR 1926.500

A flexible line of rope, wire rope, or strap which generally has a connector 
at each end for connecting the body belt or body harness to a 
deceleration device, lifeline, or anchorage.

SHOCK ABSORB
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THE A-B-C RULE
• A.   Anchor Point  -Secure point of attachment that 

supports entire weight of the system.

• B.    Body Harness  -Personal protection worn by 
workers performing the job.

    

• C.    Connecting Device  -Attaches harness to anchor 
point. 

 Examples are lanyards, 
rope grabs and deceleration devices.
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Did you know?
Falls from elevation
account for one third
of all deaths
in construction 



Personal Protective Equipment (PPE)
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ASTM, Committee F-24
F846-92(2003)

Standard Guide for Testing Performance of Amusement Rides and Devices
F698-94(2000)

Standard Specification for Physical Information to be Provided for Amusement Rides and Devices
F747-06

Standard Terminology Relating to Amusement Rides and Devices
F1193-06

Practice for Quality, Manufacture, and Construction of Amusement Rides and Devices
F853-05

Standard Practice for Maintenance Procedures for Amusement Rides and Devices
F770-06a

Standard Practice for Ownership and Operation of Amusement Rides and Devices
F2291-09

Standard Practice for Design of Amusement Rides and Devices
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Fence

• Per ASTM F 2291-04
• Shall be at least 42” above the surface
• Shall be constructed to reject a 4” ball at all openings.
• Shall be designed to inhibit overturning by spectators

Stairs
42” above the tread nose
Handrails 34” – 38” above the tread nose

        Gates
•  Shall open away from the ride or device unless equipped with a positive lock device
• Shall be designed so that if opened will not contact the device or passengers

N.A.A.R.S.O.

ASTM American Society for Testing Materials
Chemical & Physical Specifications

ANSI American National Standards Institute 
Oversees Development of Standards

SAE Society of Automotive Engineers
Specification of Grade 5 and Grade 8 Hardware

ASME American Society of Mechanical Engineers
Boilers and Pressure Vessel Codes

ISO International Organization for Standards
 Developer and Publisher of International Standards 

ASNT American Society for Non Destructive Testing
Tests for Metal Defects



COASTER      FACTS
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Anti-Rollback Device  - A ratcheting mechanism used on a lift hill or section of a roller coaster that prevents 
the cars or trains from rolling backwards. This is the device that causes the familiar clicking sound on many lift 
hills. Guide Wheels  - These are a set of wheels that guides the train in turns and prevents the train from falling 
off the rail or track. Guide wheels are attached to the underside of the car or train and run along the 
inside or outside of the track. 

Bents - The vertical wood beams on a wooden roller coaster's structure. 
Block - Used to describe a section of track on the course of a roller coaster. Blocks are separated by brakes, 
lifts, stations or other devices that enable a train to be stopped and most coasters are designed to operate 
with only one train moving in each block at any time. 

Guide Wheels  - These are a set of wheels that guides the train in turns and prevents the train from 
falling off the rail or track. Guide wheels are attached to the underside of the car or train and run along 
the inside or outside of the track. 
What grade faster do we NEVER use  in the amusement industry ? 

A governor, or speed limiter , is a device used to measure and regulate the speed of a machine, 
such as an engine.

A sprocket  is a profiled wheel with teeth that mesh with a chain, track or other perforated or indented 
material.[1][2] The name 'sprocket' applies generally to any wheel upon which are radial projections that engage a 
chain passing over it. It is distinguished from a gear in that sprockets are never meshed together directly, and 
differs from a pulley in that sprockets have teeth and pulleys are smooth.

Revolutions per minute  (abbreviated rpm, RPM, r/min, or r·min−1) is a measure of the frequency of a rotation. It 
annotates the number of full rotations  completed in one minute around a fixed axis. It is used as a measure of 
rotational speed  of a mechanical component.

 Hertz 60 /50  - in the United States, common house electrical supply is at 60 hertz (meaning the 
current changes direction or polarity 120 times, or 60 cycles, a second). (In Europe, line frequency is 
50 hertz, or 50 cycles per second.)
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Newton- is an SI unit of force equivalent to the force that produces an acceleration of one meter per second 
per second on a mass of one kilogram. 

blood-borne disease  is one that can be spread by contamination by blood.
The most common examples are HIV, hepatitis B, hepatitis C and viral hemorrhagic fevers .

Blood borne Pathogens
 Blood borne pathogens are microorganisms in the blood or other body fluids that can cause illness and disease in 
people. These microorganisms can be transmitted through contact with contaminated blood and body fluids. 
When blood borne diseases are mentioned, most people think automatically of AIDS, but actually HBV, or the 
hepatitis B virus, is much more common. AIDS is usually fatal, though it may take years for symptoms to appear. 
HIV, the virus that causes AIDS, is primarily transmitted through sexual contact, though it may also be contracted 
through contact with contaminated blood or some body fluids. HBV attacks the liver, and is sometimes fatal. It is 
transmitted through saliva, blood and other body fluids. 

NFPA 101, Life Safety Code, shall be known as the Life Safety Code®, is cited as such, and shall 
be referred to herein as “this Code” or “the Code.” 1.1.2 Danger to Life from Fire. The Code 
addresses those construction, protection, and occupancy features necessary to minimize danger 
to life from the effects of fire, including smoke, heat, and toxic gases created during a fire. 1.1.3 
Egress Facilities. The Code establishes minimum criteria for the design of egress facilities so as to 
allow prompt escape of occupants from buildings or, where desirable, into safe areas within 
buildings. 1.1.4 Other Fire-Related Considerations. The Code addresses other considerations that 
are essential to life safety in recognition of the fact that life safety is more than a matter of 
egress. The Code also addresses protective features and systems, building services, operating 
features, maintenance activities, and other provisions in recognition of the fact that achieving an 
acceptable degree of life safety depends on additional safeguards to provide adequate egress 
time or protection for people exposed to fire.



Blueprint Symbol

Just a quick walk thur.
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• All blueprints are drawn to scale. This means that they are an 
exact representation of the real house as it will be built but 
they are scaled down to fit onto paper. Think of it as though 
you have drawn them full size and then used a massive 
photocopier to reduce their size by a reasonable percentage. 

• The reduction is not random however. The draftsperson or 
architect will draw them to a specific scale. An example of a 
scale could be one inch to one foot (written as 1":1'). So if the 
house was 40 feet long, the draftsperson would draw the 
house on paper as 40 inches long.
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• Now 40 inches would make for cumbersome 
blueprints so the scale that is more commonly used 
is 1/4 inch to one foot (written as 1/4":1'). So here 
we do the math, if we have a 40 foot long house and 
every foot will be represented by 1/4" we will draw it 
as 1/4 inches per foot X 40 feet which equals 10 
inches. This will fit nicely on a piece of 11" X 17" 
paper. For framing details, 1/2":1' is often used. The 
same 40' long house would then appear on paper as 
1/2 inch per foot X 40 feet which equals 20 inches. At 
this scale, the drawings are often on 18" X 24" or 
even 24" X 36" size paper.
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• The scale used on a set of house plan drawings will be listed 
somewhere near the page title block. Look on the page for 
1/8":1', 1/4":1' or 1/2":You will see the numbers 0, 2, 4 going 
from right to left. If you had house plans that had 1/4":1' 
written near the page title, you would use this part of the 
architect's scale. If you were to place the 0 on the inside line 
of an interior wall on your house plans, you could then 
measure across to the inside line of the opposite room wall. 
Simply read the number on the scale as though it were feet. 
So if the opposite wall of the room lay at the number 12 on 
the scale, the room is then 12' wide. The very fine gradations 
to the right of the 0 represent inches. .

2/5/2021 N.A.A.R.S.O. 441



2/5/2021 N.A.A.R.S.O. 442



2/5/2021 N.A.A.R.S.O. 443



Operation English

+ plus, or addition

- 
minus or subtraction

X      or   * times, or multiply by

/ 

over, divided by, 
division by

N.A.A.R.S.O.



ADD                SUBTRACT

Put in first #
 Hit the + key
Put in Second # 

REPEAT FOR ALL #’S BEING 
ADDED

Hit = key
Get answer

Put in first #
 Hit the + key
Put in Second # 

REPEAT FOR ALL #’S BEING 
ADDED

Hit = key
Get answer

N.A.A.R.S.O.



MULTIPLIE                DIVIDE

Put in first #
 Hit the  X or * key
Put in Second # 

REPEAT FOR ALL #’S BEING MULTIPLIED

Hit = key
Get answer

Put in first #
 Hit the ÷ key
Put in Second # 

REPEAT FOR ALL #’S BEING 
DIVIDED

Hit = key
Get answer
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ADD/DECIEL          SUBTRACT DECIEL 

Put in first # [00.00]
                        REMEMBER TO INSERT THE . 
    Hit  + key
Put in Second [0.00]

REMEMBER TO PUT IN .
 Do for all # being added

Hit = key
Get answer

Put in first # [00.00]
                        REMEMBER TO INSERT THE . 
    Hit  - key
Put in Second [0.00]

REMEMBER TO PUT IN .
 Do for all # being added

Hit = key
Get answer
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MULTIPLIE DECIEL                   CONVERSIONS CHART

PUT IN first #  [000.000]

remember to insert the . 
 Hit X or * key 

remember to insert the . 

PUT IN Second # [00.0]

repeat for all #’s being multiplied

Hit = key
Get answer

N.A.A.R.S.O.



INCHES TO MILLIMETERS  INCHES TO CENTIMETERS

Convert the millimeter measurement 
to inches by dividing the millimeter 

figure by 25.4. 

For instance if the measured is
 40 mm

 you will divide this by 25.4.
 eg.

40mm ÷25.4=1.574

Convert the centimeter 
measurement to inches by 

dividing the centimeter figure 
by 2.54. 

For instance if the measured is
 40 mm 

you will divide this by 2.54.
 eg.

40mm ÷2.54=15.74
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CENTIMETER TO INCHES   MILLIMETER TO INCHES

Convert the centimeter 
measurement 

to inches by multiply the centimeter 
figure by .0394.

 For instance if the measure is 
250 Mm.

 you will multiply this by .0394. 
Eg.

250 Mm  x  .0394 = 9.84 inches
.84 = 84/100 =42/50=21/25”

Convert the millimeter
 measurement 

to inches by multiply the millimeter
 figure by .0394.

 For instance if the measure is
 250 Cm 

you will multiply this by .0394. 
Eg.

250 Cm  x  .0394 = 9.84 inches
  .84 inches = 84/100 

=42/50=21/25”
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FEET TO METERS       METERS TO FEET

Convert the 
length[feet]measurement 

to meters by multiplying  the length
 by .3048.

 For instance if the length is
 50’ 

 you will multiply this by .3048.
 eg.

50’ x .3048 = 15.29 meters

Convert the
 length [meters]measurement

 to meters by multiplying  the length 
by 3.281. 

For instance if the length is 
50’  

you will multiply this by 3.281.
 eg.

50 meters x 3.281 = 164.05 feet
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POUNDS TO KILOGRAMS         KILOGRAMS TO POUNDS

Convert the pounds measurement to 
kilograms by multiplying  the weight by

 2.205. 

For instance if the measured is 50 KG you 
will multiply this by 2.205.

 eg.
50KG x 2.205 = 110.25

Convert the pounds measurement to
 kilograms by multiplying  the 

weight by .45359. 
For instance if the measured is

 50 lbs. 
you will multiply this by .45359.

 eg.
50lbs. x .45359 = 22.67 kilograms

N.A.A.R.S.O.



LITERS TO GALLONS    GALLONS TO LITERS

Convert the Liters measurement to 
Gallons by multiplying  the weight by 

0.2642.

 For instance if the liters are
  50 [L] 

you will multiply this by
 0.2642.

 eg.
60[L] x 0.2642 = 15.852

Convert the gallon measurement to 
liters by multiplying  the volume by 

3.78. 

For instance if the gallons are 
 5 gallons

you will multiply this by 
3.78

 eg.
5gallon x 3.78= 18.927
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