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Appendix I – Heavy Equipment and Power Production Operations
Part I:  Heavy Equipment

1.
Task
During this activity, you will be operating heavy equipment.  You will learn the purpose of each type of equipment, including its capabilities and limitations.  You will also learn standard industry hand signals, specific safety concerns for each type of equipment, and how to match the appropriate equipment to the job at hand.  You will learn this with the help of expert mentors and by operating the equipment yourself.

2.
Purpose
This hands-on training teaches a core civil engineering skill.  Almost all construction projects, whether vertical or horizontal construction, start with earthwork.  You will learn to properly identify the correct piece of equipment for a given task.  You will also learn to value earth moving resources, your operators, and your NCOs.

This activity directly relates to CE480, Construction Management and Contracting.  CE480 teaches construction project administration, and an understanding of equipment capabilities and proper selection is important to the course.  This activity also relates closely to CE485, Construction Project Management, a senior design option, which emphasizes construction methods and equipment.

3.
Learning Objectives 

a)  Recognize and implement safety procedures during heavy equipment operations

b)
Appreciate the skills and training needed to operate heavy equipment


-Understand the importance of NCO’s on the jobsite

c)
Understand the roles, uses, and capacities of construction equipment in the construction process using real-world scenarios.  The following is a list of some of the equipment that may be used for training:

-bulldozer


-crane

-scraper



-skid steer loader
-front loader

-paving machine



-dump truck

-roller

-excavator


-backhoe

-grader



 
d)
Identify the most efficient pieces of construction equipment for specific construction activities.

e)
Begin to understand the functional relationship between surveying and equipment operations you will see during the roadway activity.

f)
Understand and be able to use basic hand signals to aid construction equipment operations.

4.  Roles and Responsibilities of Cadet Flight Commander
The role for the cadet flight commander in this activity may not be as intense as it is for some others; but that doesn’t mean it isn’t important. Interaction with flight members will be limited during the day.

Specific responsibilities:

1. Meet with the Activity Leader (Dr. Pocock) a day or two before your flight is scheduled for Heavy Equipment.  He will go over the schedule rotation for each equipment station with you.

2. Review the risk management worksheet for heavy equipment and help monitor safety during the activity.

3. Ensure the lesson handouts are read by all group members prior to the activity.

4. Ensure that all cadets are in place for the morning briefing at the specified time.  The starting location is the heavy equipment training area, about 500 yards west of the main FERL warehouse.  This activity is highly time driven.  If things don’t proceed exactly as scheduled, training will be lost. 

5. Make sure your cadets have the right equipment and are ready to pay careful attention to the safety briefing.  This activity could be very dangerous if the cadets don’t follow safety instructions.

6. Help activity leader and NCOs as necessary during the day.  This could entail many things.  

7. Keep tabs on the condition of your flight members throughout the day.  Help prevent dehydration and sunburn or sunstroke.

8. Help the logistics cadet by providing drinking water and a first aid kit to the heavy equipment site.

9. If there are an odd number of students, or less than twenty cadets in the flight, there may be an opportunity for the flight commander to participate in this activity.  If this is the case, let the activity NCOIC know ASAP. 

5.  Assessment
Assessment will be by a 50-point quiz you and a partner will work on throughout the activity.  Selected members will compete on behalf of the flight on several pieces of equipment.  The results will count toward the overall top flight award.
6.  Safety
The potential for an accident is high for this activity.  Heavy equipment operations can be dangerous even with highly experienced operators -- with brand new operators accident potential is even higher.  Extreme care must be taken while operating any piece of equipment.  Not one of the pieces of equipment that will be operated can be treated as a toy.  You can get hurt badly on any of them. Listen to your instructors.  A safety briefing will be given at each piece of equipment.  The instructors will talk to you verbally and with hand signals while you are operating the equipment.  One of the most common comments is “SLOW DOWN!”  You should drive slowly while first learning to operate equipment with so much potential to hurt someone.  If lightning moves into the area, everyone needs to move to the warehouse for shelter until there is an all clear.

7.  Equipment List
You must have:

work gloves

hard-hat (for crane operation only)

earplugs

steel toed boots 

at least one watch per two-person team

DFCE will provide:

a training area out of the way of other activities

various pieces of heavy equipment

instructors for each piece of equipment

water

first aid kit

8.  Text
Any additional handouts will be provided to Flight Leader by the Activity Leader.

Part II:  Power Production Operations
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1.
Task
With a background of electrical principles, operate an electrical generator to run a variety of loads.

2.
Purpose
Gain the knowledge and understanding of power production operations in the Air Force.

3.
Learning Objectives
a)  Review the basic concepts of current, voltage, and resistance. 
b)  Know what it means to place loads in parallel.

c)  Know how to estimate total current and power requirements.

d)  Know how to fuel, start, and operate an electrical power generator.

4.
Roles and Responsibilities
Student: 

· Read lesson prior to the activity

· Bring necessary protective equipment

Flight Commander: 

· Ensure flight reads lesson prior to the activity

· Ensure flight has protective equipment

· Direct flight from Concrete Placement Activity to briefing area

5.
Assignments and Assessment
Reading:  Civ Engr 351, Civil Engineering Practices – Field Engineering, Cadet Handbook, Appendix I – Power Production Operations (2008)

Assessment:  

1) Questions on this activity are part of the 50-point heavy equipment quiz
2) Participation and attitude feedback from flight commander and mentor
6.
Safety
There are numerous hazards associated with running electrical generators.  Your activity leader and mentors will provide you with a briefing on safety prior to conducting any activity.  However, prior to the activity be aware of the following:

a) Tripping hazards

b) Hot reconnection panels

c) [image: image10.jpg]


Necessity of the Buddy system

d) Removal of watches and jewelry

e) Fuels and coolants

f) Batteries

g) Moving machinery

h) Available safety equipment

7.
Equipment List
Mobile Electrical Generator (MEP)

Various electrical loads

8.
Text
The Basics: Voltage, Current, and Resistance

Voltage: This is the potential energy between positive and negative charge. It is measured across (or between) two points. The units are Volts [V]. Voltage is like the water pressure in a plumbing system.

Current: The flow rate of charge through a conductor. Current travels through the conductor. The units for current are Amperes (or Amps) [A]. Current is the same concept as water flow rate in a plumbing system.

Resistance: This is the tendency of materials to oppose the flow of charge. Copper, silver, and gold are good conductors of current and have a low resistance. Rubber, Teflon, and plastic are poor conductors (good insulators) and have high resistance. Resistance has units of Ohms [(]. A resistance is somewhat like an old-fashioned water wheel at a mill. The water pressure (voltage) and the water flow (current) deliver useful energy to the water wheel (the resistor or load).

Ohm’s Law & Power
The basic equation that relates the voltage across two points, a resistance (or a load), and the current flowing through the resistance is known as Ohm’s Law. This equation is:
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Figure 1. The equation for Ohm's Law is shown to the left. The diagram to the right shows how this equation can be applied to an actual system.
As an example, if we put a voltage of 120 V across a 10  load, a current of 12 A will flow through the load. That is:
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Energy is being delivered to the load. The rate at which energy is delivered to the load is called the power. Power has units of Watts [W]. In this case, the power delivered to the load is:
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Parallel Circuits

In power systems, most loads are placed in parallel. They can be physically arranged in any desired configuration. By parallel, we mean that they are electrically parallel - they have the same voltage across them. When you plug different appliances into wall outlets you are placing them in parallel with each other. Figure 2 shows a typical parallel circuit.
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Figure 2. Four different loads connected in parallel. (Note that while the voltage across each load is the same, VLoad, the current through each (I1, I2, etc.) could be different.)
Each load has the very same voltage across it, VLoad, but each load might "draw" a different current (because the loads do not have to be the same). Typical loads found at deployed Air Force locations are systems such as lighting, environmental control units (ECUs), and computers.

Kirchhoff's Current Law

Simply put, Kirchhoff's Current Law (KCL) just states that "what comes out must go in." Referring to Figure 2, KCL just means that:
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Note that if we had more loads connected to the source in parallel, we could just add those terms to the right-hand side of the KCL equation.

For example, if we know that I1 = 10 A, I2 = 20 A, I3 = 5 A, and I4 = 15 A then:
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Power in Parallel Systems

When loads are placed in parallel, each one can "draw" a different amount of current and, therefore, a different amount of power. For Figure 2 and the example numbers used for current in the previous section, let's assume we have a source (and load) voltage of 120 V. The power supplied to each individual load can be found by multiplying each load current by the load voltage and adding them up:
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We could also just multiply the source voltage by the source current and get the same result:
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Sources of Power

At a deployed location, the voltage source (see Figures 1 and 2) is typically a generator. A generator takes mechanical energy (the rotation of a shaft, perhaps driven by a diesel motor) and converts it to electrical energy (voltage). When loads are connected to the generator, a current will flow out of the generator and into the loads. The generator converts the energy stored in the fuel source (say, diesel oil) into electrical energy for running lights, ECUs, computers, radar sets, etc. Typical generators used in the field are usually three-phase systems. They actually generate three AC voltages that can be used independently (just using one single phase of the system) or can be used together (such as in three-phase motors). We could not conduct modern warfare without the electrical power from these generators!
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Figure 3.  Mobile Electrical Power (MEP-12) Generators
ELECTRICAL FORMULAS
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