Trial Shims
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1.  Thickness range of shims with Alumina coating:  0.460-0.540”

2. Profile:  Trial shims should be machined to the profile shown in the drawing below.  Since we’re using only one of the shim profiles, the width will protrude into the casting port  cut-outs in some areas, but that’s ok for this test.    
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3. Shims to be produced:  The thicknesses are to be per Table I.
Table I.  Trial shim thicknesses
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#

Thickness of SS  

+/- 0.001

Finished size – 

Alumina coated; 

Thickness per side 

0.010 +/-0.002

No. Shims

1 0.440 0.460 4

2 0.442 0.462 4

3 0.444 0.464 4

4 0.446 0.466 4

5 0.448 0.468 4

6 0.450 0.470 4

7 0.452 0.472 4

8 0.454 0.474 4

9 0.456 0.476 4

10 0.458 0.478 4

11 0.460 0.480 6

12 0.462 0.482 6

13 0.464 0.484 6

14 0.466 0.486 6

15 0.468 0.488 6

16 0.470 0.490 6

17 0.472 0.492 8

18 0.474 0.494 8

19 0.476 0.496 8

20 0.478 0.498 8

21 0.480 0.500 8

22 0.482 0.502 8

23 0.484 0.504 8

24 0.486 0.506 8

25 0.488 0.508 8

26 0.490 0.510 8

27 0.492 0.512 6

28 0.494 0.514 6

29 0.496 0.516 6

30 0.498 0.518 4

31 0.500 0.520 4

32 0.502 0.522 4

33 0.504 0.524 4

34 0.506 0.526 4

35 0.508 0.528 4

36 0.510 0.530 4

37 0.512 0.532 4

38 0.516 0.536 4

39 0.518 0.538 4

40 0.520 0.540

Totals 214


4. Shim fit-up:  

a. Initial:  Tom Brown can predict initial gaps; Bob Ellis will “fine tune” to accommodate load deflections.  
b. The field measures the gap and corrects loose shims as needed. 
c.  Fuji paper is added to shims - The initial 50% tightening will be performed with this.  
d. Make metrology  measurements – back office analyzes data – provides final shim correction.  
e. Joint is loosened;  shims are changed, and tightened to 50% and re-measured (by metrology).  
5. Fit-up evaluation:  
a. Studs shall be loaded to  75,000 lbs. x 75%= 56250 lbs (to avoid over-stressing the Stellalloy threads in this trial) 
b. A coefficient of friction of 0.7 is assumed.
c. A very conservative calculation of the minimum area in contact in a shim can be calculated by assuming a load of 75,000 x a mu of 0.7, or 52,500 lbs. is to be transferred through a shim.  In reality, the max. load on a shim is about 15,000 lbs., but if there was slippage more load can be imposed on an individual shim.  For this reason, the above is proposed.  
Stellalloy properties
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d. Shear allowable:  The allowable shear in the Stellalloy shall be taken to be 0.5 of the tensile allowable 0f 95 ksi with a safety factor of 0.8 – i.e., 0.5 x 95000 x 0.8= 38,000 psi.
e. Area Required:  Therefore the area required will be 52500 lbs. /38,000 lbs/in^2 = 1.38 sq. in.   The minimum actual area, based on the Fuji paper, shall be at least this.  
Refer to Table 1 for shim thicknesses








				At 77K					At RT


Property�
Required�
C-1 Casting Heat 27728 (averages)�
Required�
�
C-1 Casting Heat 27728 (averages)�
�
Elastic Modulus�
21 Msi             (144.8 Gpa)�
23.3 Msi(1)�
20 Msi             (137.9 Gpa)�
�
21.0 Msi(4)�
�
0.2% Yield Strength�
72 ksi              (496.4 Mpa)�
98.4 Msi (1)           124 Msi(7)�
34 ksi               (234.4 Mpa)�
�
34.2 ksi(4)�
�
Tensile Strength�
95 ksi              (655 Mpa)�
170.2 ksi(1)     170.2 ksi(7)�
78 ksi               (537.8 Mpa)�
�
83.8ksi(4)�
�
Elongation�
32%�
55%  (1)    58.7% (7)�
36%�
�
51.5% (4)�
�
Charpy V – notch Energy�
35 ft. lbs.         (47.4 J)�
78 ft lbs.(2)�
60 ft-lbs           (81.3 J)�
�
142 ft. lbs. (3)�
�
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				Shim Type #		Thickness of SS  +/- 0.001		Finished size – Alumina coated; Thickness per side 0.010 +/-0.002		No. Shims

				1		0.440		0.460		4

				2		0.442		0.462		4

				3		0.444		0.464		4

				4		0.446		0.466		4

				5		0.448		0.468		4

				6		0.450		0.470		4

				7		0.452		0.472		4

				8		0.454		0.474		4

				9		0.456		0.476		4

				10		0.458		0.478		4

				11		0.460		0.480		6

				12		0.462		0.482		6

				13		0.464		0.484		6

				14		0.466		0.486		6

				15		0.468		0.488		6

				16		0.470		0.490		6

				17		0.472		0.492		8

				18		0.474		0.494		8

				19		0.476		0.496		8

				20		0.478		0.498		8

				21		0.480		0.500		8

				22		0.482		0.502		8

				23		0.484		0.504		8

				24		0.486		0.506		8

				25		0.488		0.508		8

				26		0.490		0.510		8

				27		0.492		0.512		6

				28		0.494		0.514		6

				29		0.496		0.516		6

				30		0.498		0.518		4

				31		0.500		0.520		4

				32		0.502		0.522		4

				33		0.504		0.524		4

				34		0.506		0.526		4

				35		0.508		0.528		4

				36		0.510		0.530		4

				37		0.512		0.532		4

				38		0.516		0.536		4

				39		0.518		0.538		4

				40		0.520		0.540

								Totals		214
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