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1. Introduction

The JD Disk is supported on an airpad and rollers to facilitate its movement on the rail.  The main load of the JD (120 tons) is supported by two airpads.  The first airpad is located underneath the EB and the second is underneath the JD.   A hydraulic cylinder (Z Cylinder) is mounted to drive the movement of the JD Disk.  Figure 1 shows the basic layout of the airpad, and Z cylinder.  When the JD is in its stationary position it will be supported by 2 hydraulic jacks.  
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The purpose of this analysis is to calculate the forces acting on the airpads, and the Z force required to push the JD into position.  Figure 2 shows the layout of the forces acting on the JD.  The following forces are acting on the JD:
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R1 = Force on Airpad underneath EB
R2 = Force on Airpad underneath JD

Fx = horizontal force from the cable tray.  This force acts at the CG of the JD and acts in the direction to oppose the motion of the JD.  

Fy = vertical force from the cable tray.  This force acts 3,000mm from the CG of the JD

Fz = Horizontal Force from the Z cylinder which drives the movement of the JD.

Fa = inertia force of the JD which acts at the CG of the JD
The following Load cases were examined.  
· Extracting the JD Side A

· Extracting the JD Side C
· Inserting the JD Side A
· Inserting the JD Side C
The parameters in the table below were used in the analysis of the forces.  

	Force Parameters
	Variable
	Value
	Units

	Weight of JD
	W
	120.00
	tons

	Horizontal Cable Force
	Fx
	1.00
	tons

	Vertical Cable Force
	Fy
	0.50
	tons

	Z Cylinder Force
	Fz
	2.00
	tons

	Note: Fx always acts in the opposite direction of the Z cylinder Force

	Fx=0 in Static Load Cases
	
	
	

	
	
	
	

	
	
	
	

	Location Parameters
	
	
	

	Distance CG to  EB Airpad
	a
	784
	mm

	Distance between Airpads
	b
	1229
	mm

	Vertical distance to Z cylinder
	c
	290
	mm

	EB Airpad to Vertical Cable Force
	d
	3,784
	mm

	Airpad to horizontal cable Force
	e
	4,390
	mm

	Vertical distance to CG
	f
	4,390
	mm

	Distance Blocking Jack1 to CG
	g
	440
	mm

	Distance Blocking Jack1 to Jack2
	h
	675
	mm

	Physical Parameters
	
	
	

	Airpad Friction Coefficient
	u1
	0.01
	

	Roller Static Friction Coefficient
	u2
	0.1
	

	Roller Dynamic Friction Coefficient
	u3
	0.02
	

	Angle of Rail
	B
	0.01236
	radians


2. Static Condition

In the static condition the JD will be supported on 2 hydraulic jacks per side.  The forces on these jacks are listed below:

Side A

	Fz needed to keep JD stationary on airpads

	Z Cylinder Force
	Fz
	-0.28
	tons

	Forces on Blocking Jacks
	 
	 

	Jack1 (closer to IP)
	J1
	29.83
	tons

	Jack2 
	J2
	90.67
	tons


Side C

	Fz needed to keep JD stationary on airpads

	Z Cylinder Force
	Fz
	0.28
	tons

	Forces on Blocking Jacks-Fy included in calculation

	Jack1 (closer to IP)
	J1
	49.12
	tons

	Jack2 
	J2
	71.37
	tons


In the calculation of the forces on the jacks the vertical cable force, Fy, was included.  Whereas this is a small force, it has a large moment arm with respect to the CG and therefore does have some affect on the values of the jack loads.  

In order to move the JD the load will be transferred from the blocking jacks to the airpads.  The friction of the airpads is not high enough to keep the JD from sliding down the inclined rail; therefore, a small force will need to be applied from the Z cylinder in order to keep the JD stationary while on the airpads.  A Z cylinder force of only .28tons is needed to keep the airpad from moving.  
3. Constant Velocity

The goal of the control system is to push the JD at a constant velocity.  In this case the inertia force, Fa, equals zero.  The tables below summarize the forces on the airpads, and the required Z cylinder force, Fz that is needed to achieve this condition.  

	Inserting JD – Side C

	Acceleration =0
	
	
	 

	Airpad Vertical Force
	R1
	44
	tons

	Force on Roller
	R2
	76
	tons

	Z cylinder force
	Fz
	.7
	tons


	Extracting JD – Side C

	Acceleration =0
	
	
	 

	Airpad Vertical Force
	R1
	50
	tons

	Force on Roller
	R1
	70
	tons

	Z cylinder force
	Fz
	3.7
	tons


	Inserting JD – Side A

	Acceleration=0
	
	
	 

	Airpad Vertical Force
	R1
	34
	tons

	Force on Roller
	R2
	86
	tons

	Z Cylinder Force
	Fz
	3.7
	tons


	Extracting JD – Side A

	Acceleration=0
	
	
	 

	Airpad Vertical Force
	R1
	40
	tons

	Force on Roller
	R2
	80
	tons

	Z Cylinder Force
	Fz
	.8
	tons


4. Extraction of the JD while Accelerating

The force on the two airpads is shown below as a function of the Z cylinder force during the extraction of Side A.  The Z cylinder force is initially .28tons to keep the JD stationary and then increases.  To achieve the condition of constant velocity the Z cylinder force must be 0.8 tons.  At that load the force on R1 which is the airpad underneath the EB is 40tons and the load on R2 is 80tons.  
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The variation of the airpad forces during the extraction of Side C is shown in the figure below.  Fz starts out at .28tons for stability and then increases to 3.7 tons to achieve the condition of constant velocity.  When Fz=3.7tons the force on R1 (the airpad underneath the EB) is 50 tons and the airpad underneath the JD is 70tons.  
[image: image4.emf]Variation of Airpad Forces
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5. Insertion of JD

The airpad forces during the insertion of the JD on Side A are shown in the figure below.  When Fz=3.7tons the constant velocity condition is achieved.  As Fz increases from zero to 3.7 tons the airpad underneath the JD carries an increasing proportion of the load.  
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The variation of the airpad forces with Fz is similar for when Side C is inserted, as seen in the figure below.  On side C the constant velocity condition is achieved when Fz=.7tons.  As Fz increases the JD airpad increasingly carries the weight of the JD.  
[image: image6.emf]Variation of Airpad Forces

Inserting Side C

0.00

20.00

40.00

60.00

80.00

100.00

120.00

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Z Cylinder Force (tons)

Airpad Force (tons)

R1 R2


6. Tipping Condition
The main load of the JD is applied between two airpads so it should be stable during movement.  However, there are several external forces which are applied to the JD which could cause tipping.  The Z cylinder force, the cable forces or an accidental impact with the crane, or the raising of one airpad with the simultaneous lowering of the other airpad are all conditions which could potentially cause tipping of the JD.  These cases will be examined below.  

Z Cylinder Force

The graphs above show that during the insertion or extraction of the JD one of the airpad forces declines as Fz increases.  The JD will tip over at the value of Fz where the airpad force is zero.  The values of Fz for which the airpad forces is zero are listed below:

	
	Side A
	Side C

	
	Airpad
	Fz (tons)
	Airpad
	Fz (tons)

	Inserting
	R1
	14
	R1
	14

	Extracting
	R2
	24.7
	R2
	24.7


As long as Fz stays below these values the JD will not tip.  The x-bracket for the JD can be designed to resist tipping, however, if the control system is able to monitor and control the value of Fz then tipping is unlikely.  It should be noted that the operating value of Fz will be well below the tipping values of Fz.

Cable Force or Accidental Impact

The cables could potentially become caught and the force on the JD could increase significantly.  However, since the X direction cable force, Fx, is applied at the CG its affect is canceled by the inertia force.  Increases in Fx are offset by similar increases in the inertia force, Fa, in the opposite direction during the acceleration of the JD.  In order to cause the tipping of the JD a force was applied at the top of the JD in the same direction as Fx (which is in the opposite direction of Fz).  The Z cylinder force was held constant for several values and the value of the X direction cable force that would be required to tip the JD during movement was calculated.  The results are summarized in the table below.
	
	
	Tipping Force at Top of JD During Movement

	Fz = 2 tons
	Inserting
	16.5 tons

	
	Extracting
	31 tons

	Fz = 4 tons


	Inserting
	14 tons

	
	Extracting
	28.5 tons


*Tipping Force acts in a direction opposite of Fz

A tipping force of 8 tons was needed when the JD was stationary and resting on the two airpads.  When this force is increased to 10 tons a tension force on the X-bracket of 5.3 tons is needed to keep the JD from tipping over.  
The JD will also tip when it is resting on the blocking jacks and the vertical cable force, Fy, of .5 tons is applied and a horizontal force is applied to the top of the JD of 2.7 tons on Side A and 4.5 tons on Side C.  
Airpad Height Mismatch

A mismatch in the heights of the 2 airpads of 40mm could occur during movement.  This would result in an angle of 1.69 degrees which is 2.4 times greater than the incline of the rail.  The resulting angle is still small enough so that the tipping forces are not significantly changed.  
7. Conclusion

This paper examined the forces on the airpads during the insertion and extraction of the JD on both Side A and C.  The forces under all of the moving conditions were found to be within the acceptable limits of the airpad and no unusual or unstable conditions were found.  

The tipping of the JD is a concern and the values of Fz which will cause this condition were calculated.  The values of Fz which will cause tipping were well below the operating values of Fz so it should be possible for the control system to stop the motion of the JD and prevent tipping.  







