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PRACTICAL EXERCISE #8
“RAIL GUN DESIGN”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Motivational Engineering Problem: The U.S. Navy is actively developing rail gun technology for the following reasons:

1. Increased gun range (increased littoral coverage)

2. Reduced time of flight of projectile
3. Greater lethality via kinetic energy

4. Eliminate explosive warheads
5. Higher volume of fire

A practical shipboard rail gun is projected to be able to deliver 16.9MJ of energy on a target 250 nautical miles away in 6 minutes using a 30-inch, 44-pound, non-explosive projectile. In comparison, a current 5-inch gun using an Extended Range Guided Munition (ERGM) delivers about 2.2MJ of energy to a target 43 nautical miles away in 6 minutes with a weight of 150 pounds (including propellant). Today, we will go through and conduct an initial “sizing” for a rail gun, notionally pictured in Figure 1, and predict the impact on the ship power system.
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Figure 1: Notional Layout for a Rail Gun
In this realization of a “linear motor,” the B-field is being produced by the same current that is flowing through the movable member (base of the projectile). The current through the movable member does produce a magnetic field, but its contribution does not cut through the movable member and thus does not give rise to a force. As a consequence, the B-field that is involved in force production is due to the rail currents (and thus depends on the length of conducting rail and the distance between the rails). This dependency is an involved electromagnetic fields problem beyond the scope of this course. To simplify this (and allow us to use our simplified relationships), we will assume that the B-field acting on the projectile base is uniform and governed by
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where 
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 is the permeability of free space and L is the distance between the rails. This seems reasonable in that it says that the wider we make the rails, the smaller the effective magnetic field and we will need a whole lot of current to create a “large” magnetic field.
Rail Gun Specifications:


Mass of Projectile: 20kg

Barrel Length: 10m



Muzzle Exit Velocity: 2500m/s
L (Distance between Rails): 0.2m



Firing Rate: 6 rounds/min

Assumptions:

1. Power supply current remains constant

2. Velocity will linearly build

3. Initially ignore friction, windage, rail and armature resistance, and power supply losses

4. Employ the “approximate” relationship for B-field given above
Analysis Goals:
· Determine the required time to launch

· Determine the required power supply current

· Derive the back EMF induced between the rails

· Sketch the required power supply power
· Calculate the energy required to launch the projectile and the average power required from the ship power system

Step 1: On the following axes, sketch the desired projectile velocity given that 
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(yet to be determined) is the time required for the projectile to leave the barrel.
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Step 2: What does the area under the curve from Step 1 represent?  Express this area and solve for
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Step 3: From your results, determine the required projectile acceleration and electromagnetic force.

Step 4: Using the Lorentz force equation and the assumption on the B-field, calculate the required current then evaluate the B-field.

Step 5: Establish an expression for the projectile velocity (from your curve). From this, derive an equation governing the back EMF. What is the peak value of back EMF while the projectile is in the barrel?

Step 6: Derive an expression governing the “ideal” instantaneous power required from the power supply. Sketch this expression on the following axes.


[image: image7.emf]Instantaneous

Power

TIME

(sec)

t

f


Step 7: What does the area under this curve represent?  Determine this value.

Compare this value to the kinetic energy of the projectile at launch.

Step 8: Given the desired firing rate, establish the “ideal” average power required from the ship power system to “recharge” the power supply energy storage element.
Step 9: Now we will remove some of our “idealized” assumptions. First, let’s assume that the rail resistance is governed by
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, where t is in seconds. Given the desired current, express the instantaneous power consumed by the rails.
Next, sketch this expression and establish the total energy consumed by the rails (this is additional energy that must be supplied by the power supply).
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Step 10:  Assuming that the rails dominate the mechanical losses, determine the “revised” total energy required from the power supply.

If we assume that the power supply efficiency is 84%, what is the required stored energy at the input of the power supply?
Given the desired firing rate and the value above, establish the “more realistic” average power required from the ship power system to “recharge” the power supply energy storage element

Have the Instructor verify your calculations: __________________
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