Saddle Swivel Bolt Torques During Assembly
1. Introduction

During the assembly of the EB the swivel bolts on the saddles will have varying forces applied to them.  In order to insure that the correct force is being applied between the EB and saddles each of the swivel bolts will be torqued to a defined value.

2. Load cases 

Several load cases during the assembly of the modules were created and are described below.  A complete description of the assembly analysis can be found in: Analysis of EB Support Saddles and Forces Between Modules During Assembly
EB1 - 63 modules with cryostat load

EB2 - 63 modules without cryostat load

EB3 - 48 modules with cryostat load

EB4 - 48 modules without cryostat load

EB5 - 32 modules with cryostat load

EB6 - 32 modules without cryostat load

EB7 - 24 modules with cryostat load

EB8 - 24 modules without cryostat load

EB9 - 14 modules with saddles

EB10 - 14 modules with saddles and support cradle

EB11 - 14 modules without saddles but with support cradle only.  

3. Swivel bolt numbering

The figure below shows the numbering scheme used to identify the swivel bolts.  Z1 is at the front (ITC end) of the EB and Z4 is at the back of the EB.  Each location (i.e. Z2,M6) represents 3 swivel bolts.  The tables below list the torque values for the 3 swivel bolts that are at each location.
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4. Required Torques

The tables below list the torques on the various swivel bolts for the load cases listed above.  It should be noted that no torques are listed for load cases EB9, EB10, EB11 because the loads o the swivel bolts are so small that the torques are almost not measureable.
Load Case EB 1

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	105.04
	208.95
	186.38
	181.09
	78.70
	0.00

	Z2
	229.89
	340.20
	260.70
	180.68
	25.18
	0.00

	Z3
	101.38
	241.48
	202.03
	106.67
	31.22
	0.00

	Z4
	0.00
	5.56
	106.47
	220.33
	119.18
	0.00


Load Case EB2

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	130.97
	147.54
	93.05
	75.15
	16.77
	0.00

	Z2
	201.32
	243.01
	173.06
	115.01
	20.14
	0.00

	Z3
	140.32
	213.62
	152.42
	85.80
	7.87
	0.00

	Z4
	194.51
	127.92
	88.36
	109.42
	48.27
	0.00


Load Case EB3

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	75.96
	173.97
	161.67
	161.16
	72.78
	0.00

	Z2
	179.16
	281.03
	217.79
	151.40
	18.19
	0.00

	Z3
	22.29
	160.86
	161.16
	84.18
	27.23
	0.00

	Z4
	0.00
	0.00
	74.34
	193.80
	108.40
	0.00


Load Case EB4

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	97.22
	181.19
	68.40
	54.46
	10.21
	0.00

	Z2
	151.40
	183.02
	129.65
	84.85
	12.79
	0.00

	Z3
	104.74
	160.55
	113.99
	62.59
	3.42
	0.00

	Z4
	145.71
	94.88
	64.87
	80.76
	34.41
	0.00


Load Case EB5

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	50.50
	141.34
	138.39
	144.19
	68.59
	0.00

	Z2
	108.40
	209.66
	171.84
	122.73
	12.04
	0.00

	Z3
	-10.96
	2.75
	114.30
	68.11
	25.26
	0.00

	Z4
	0.00
	0.00
	24.59
	170.82
	101.69
	0.00


Load Case EB6

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	61.10
	69.75
	42.67
	32.54
	2.91
	0.00

	Z2
	97.62
	118.26
	83.42
	52.66
	4.58
	0.00

	Z3
	66.31
	103.21
	72.94
	37.79
	-1.67
	0.00

	Z4
	93.35
	59.62
	40.33
	50.20
	19.17
	0.00


Load Case EB7

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	41.60
	126.09
	118.57
	125.48
	60.80
	0.00

	Z2
	62.15
	154.66
	135.85
	101.18
	9.05
	0.00

	Z3
	0.00
	0.00
	57.82
	57.62
	24.58
	0.00

	Z4
	0.00
	0.00
	-10.96
	143.58
	90.47
	0.00


Load Case EB8

	
	Torques (Nm)

	
	M6
	M8
	M9
	M10
	M11
	M12

	Z1
	42.92
	49.66
	29.81
	21.55
	0.00
	0.00

	Z2
	0.00
	85.79
	60.28
	36.51
	0.00
	0.00

	Z3
	46.99
	74.44
	52.43
	25.39
	0.00
	0.00

	Z4
	66.95
	42.01
	28.10
	34.86
	11.43
	0.00
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