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Summary:

The surface distortion of an 8.4 m mirror at cryogenic temperature is predicted. Membrane CTE variations are expected to cause no more than 62 nm rms distortion after cooldown. Spatial variations in the thickness CTE gradient are expected to contribute 114 nm rms. 

Introduction:

The 8.4 m mirrors are fabricated from glass blocks that are placed on the mold and then melted. It is assumed here that there is little mixing of the glass during the casting process. The variations in CTE from one region of the mirror to another can therefore be predicted given the number of glass blocks used to form each region and the variation of the CTE in the glass blocks. 

The distortion that results from CTE variations is calculated using a finite element model of the mirror, shown in Figures 1, 2 and 3. The axial supports are constrained to approximate the effect of the active support system. Membrane and gradient strain functions of the form ( = 1x10-6 * sin(2*(*x/L+() are applied where L is a characteristic length and ( is a random phase angle. Results for a range of spatial scales are RSS’d together to arrive at the net expected distortion.

Results:

Each glass block is assumed to weigh 5.2 kg. Each square meter of the mirror therefore will contain approximately 11.9 blocks in the face plate, 52.6 blocks in the webs and 10.7 blocks in the back plate. The standard deviation of the CTE of the glass blocks is assumed to be 10 ppb/deg K. The expected variation in CTE between two one square meter regions is (( =

Sqrt(2/N)*(  where ( = the standard deviation of the CTE’s of the blocks (10 ppb) and N is the number of blocks in a square meter (75.2). This gives (( = 1.63 ppb/deg K. Since the mirror will be cooled as much as 254 deg K, the net strain difference between the two regions is 254*1.63x10-9 = 0.414x10-6. Strain gradient effects are estimated in the same way but only the face sheet and back sheet blocks are considered to contribute significantly to the strain gradient.

These calculations have been performed for a range of spatial scales in the spreadsheet presented in Table 1. Results are cooldown surface distortions of 62 nm rms from membrane CTE variations and 114 nm rms from CTE gradient variations. These values can  be reduced by dividing the glass into smaller pieces and thoroughly mixing them. If 0.65 kg blocks were used, the membrane and gradient CTE variation effects are reduced to 22 and 39 nm rms.

	Table 1  CTE Variations in an 8.4 M Collimator

	
	
	
	
	
	
	
	

	STD of glass blocks used = 
	10
	  ppb/deg K
	
	

	
	
	
	
	
	
	
	

	# blocks/m^2
	
	
	
	
	

	in face
	11.9
	Basis:
	4x6x6" block weighing 11.4 lbs (5.18 kg)

	in webs
	52.6
	
	1.1" face, 1.0" back, 0.6" webs

	in back
	10.7
	
	typical thickness = 30"

	sum =
	75.2
	
	
	
	
	

	Membrane Variation
	
	
	
	

	
	
	
	
	Unit Effects
	     Net Effect

	Spatial
	
	
	Strain
	rms
	P-V
	
	

	Scale
	Area
	CTE
	Diff.
	nm/ppm
	(/ppm
	rms
	P-V

	m
	
	Diff.
	at 40 K
	
	
	nm
	Waves

	
	
	ppb/K
	ppm
	
	
	
	

	0.5
	0.25
	3.2616
	0.8285
	51.22
	0.543
	42.43
	0.45

	1
	1
	1.6308
	0.4142
	93.89
	0.709
	38.89
	0.29

	2
	4
	0.8154
	0.2071
	103.47
	0.703
	21.43
	0.15

	4
	16
	0.4077
	0.1036
	79.41
	0.901
	8.22
	0.09

	8
	64
	0.2039
	0.0518
	53.82
	0.405
	2.79
	0.02

	16
	256
	0.1019
	0.0259
	32.73
	0.254
	0.85
	0.01

	
	
	
	
	
	
	
	

	
	
	
	
	
	Net =
	62.04
	0.56

	CTE Gradients
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	Unit Effects
	
	Net Effect
	

	Spatial
	
	
	Strain
	rms
	P-V
	
	

	Scale
	Area
	CTE
	Diff.
	nm/ppm
	(/ppm
	rms
	P-V

	m
	
	Diff.
	at 40 K
	
	
	nm
	Waves

	
	
	ppb/K
	ppm
	
	
	
	

	0.5
	0.25
	0.2346
	0.0596
	702
	9.93
	41.83
	0.59

	1
	1
	0.1173
	0.0298
	1520
	14.74
	45.28
	0.44

	2
	4
	0.0586
	0.0149
	2837
	23.25
	42.26
	0.35

	4
	16
	0.0293
	0.0074
	7023
	44.92
	52.30
	0.33

	8
	64
	0.0147
	0.0037
	16385
	120.8
	61.01
	0.45

	16
	256
	0.0073
	0.0019
	10412
	74.91
	19.39
	0.14

	
	
	
	
	
	
	
	

	
	
	
	
	
	Net =
	111.44
	1.00


[image: image2.wmf]Figure 1  The Finite Element Model of the 8.4 M Mirror

[image: image3.wmf]Figure 2  The Mirror Webs from the Finite Element Model

[image: image4.wmf]Figure 3  Optical Surface Distortion After Correction, 2 M Spatial Scale Membrane Strain

[image: image5.wmf]Figure 4  Optical Surface Distortion After Correction, 2 M Spatial Scale Membrane Strain

Figure 5  Mirror Support Load Spreaders
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