WaSP GUIDER CCD FASTENER TORQUE EVALUATION
Belleville Washers
Mc Master P/N: 9713K11
4 Series of 2 parallel
Detector Mounting Plate 
JPL P/N: 10366091
Material: 6061-T6
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Guider CCD M3-0.5 Fastener
Caltech P/N: WASP-M00-1011
Material: 17-4PH Stainless Steel
Guider Package Base 
JPL P/N: 10371432
Material: Invar 36
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Guider CCD M3-0.5 Fastener Torque Evaluation based on Material Strength:
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In this assembly, the Stainless Steel screw is 24% stronger than the Invar Nut. 

The current Belleville washer design provides a Force of 98Lbf when torqued to 0.4 N.m with 1.5 turns.

This force should be sufficient and provides a comfortable margin of safety.


















Force Generated by the Torque:
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Conclusion:
Applying a 0.4N.m torque on the fastener will provide 98lbf on the CCD contact pads.  
The 98ksi ultimate strength of the Invar CCD is safely well above the recommended 42ksi  





Mechanical Assembly Verification:
The spring rate of 4 disc spring in series of 2 parallel disc, as specified, should be: 
K= F/L = 2x36Lbs / (4 x .13mm) = 72Lbs / 0.52mm = 138Lbs/mm
Deflection for the calculated 98Lbf work load: L=F/K=98/138=0.71mm
Number of turns necessary to reach the load: 0.71/0.5= 1.42 turn
Deflection of each Disc: 0.68/4=0.17mm
Max total Deflection of each disc: .026”-.016”=.01”=0.25mm.
The Belleville will work at 68% of their capacity.
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Belleville Washer experimental spring rate characterization:

The spring rate of each individual Belleville, as specified, should be: 36Lbs/0.13mm = 277Lbs/mm
The spring rate of 6 disc spring in series, as specified, should be: 
K= F/L = 36Lbs / (6 x .13mm) = 36Lbs / 0.78mm = 46Lbs/mm
Max Stack deflection: 6 x 0.254mm = 1.5mm (3 Turns)
	M3-0.5
	
	
	6 Belleville in Series
	

	# of turn
	Displacement (mm)
	Force (Lbs)
	Stack Spring Cst (Lbs/mm)
	Individual average Spring Cst  (Lbs/mm)

	0
	0
	0
	0
	0

	1/4
	0.125
	5
	40
	240

	1/2
	0.25
	10
	40
	240

	3/4
	0.375
	15
	40
	240

	1
	0.5
	21
	42
	252

	1.25
	0.625
	28
	45
	269

	1.5
	0.75
	35
	47
	280

	1.75
	0.875
	42
	48
	288

	2
	1
	48
	48
	288

	2.25
	1.125
	54
	48
	288

	
	
	
	
	238









Experiment Conclusion: At specified 0.13mm Deflection this Belleville washers shows a spring rate of: 280 Lbs/mm or 36Lbs.

4 Belleville in series of 2 parallel:
	M3-0.5
	
	
	4 Belleville in series of 2 parallel

	# of turn
	Displacement (mm)
	Force (Lbs)
	Stack Spring Cst (Lbs/mm)

	0
	0
	0
	0

	1/4
	0.125
	8
	64

	1/2
	0.25
	22
	88

	3/4
	0.375
	38
	101

	1
	0.5
	55
	110

	1.25
	0.625
	73
	117

	1.5
	0.75
	90
	120

	1.75
	0.875
	117
	134

	2
	1
	140
	140

	2.25
	1.125
	174
	155

	2.5
	1.25
	240
	192

	2.75
	1.375
	340
	247

	3
	1.5
	455
	303

	
	
	
	136

	
	
	
	















Verification Conclusion: The 4 Belleville in series of 2 parallel requires 1.5 turns to achieve the desired 98Lbf.


Guider CCD M3-0.5 Socket Head Cap Screw Torque Evaluation based on Material Strength:
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The recommended torque on the M3-0.5 Socket Head Cap Screw Item 5 is lower than the recommended torque of the Fastener to the CCD, the M3-0.5 Socket Head Cap Screw Item 5 have to be secured to the fastener with thread lock.
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Determine the Force generated by the tightening torque for the M3-0.5 bolt
analyzedin the previous calculation procedure. The coefficient of fiction
befween threads is assumed to be 0.12 while the coefficient of friction
befiween the nut and the washeris assumed to be 0.14.

Giren
Parameters

diameter:
Torque. Torque
Coeffcient of

fiiction fr=o012
between threads

Coeffcient of friction

between nut and washer: £y, = 0.14

=040Nm  (As previously evaluated)

Calculation
Procedure.
1. Determine the dimensions of the

2 mean beating diameter of the nutis 125, where Dis nominal bolt
diamete inches.

Minor thread
diameter

Pitch diameter
of

bolt threads
Mean bearing
diameter of nut Dy=125D

Dy =375mm

ity
4mssiss

The helix angle of the
thread,

tin

=

i)

= 15797deg





image5.tmp
2. Find the dimenstonless thread angle factor

The thread angle factor
is

=30 deg

_n(d+ @)
cos(e)

Ca
Cy=05

3. Computs the tightening torgue
applied

The thrust developped by the tightening torque is

2 Torque

T DR Cay

= 538287N

98531 1f

4. Find the combined stress induced in the bolt
The combined stress in a bolt and bolted joint is

05

;
.,M.ﬁ[u[u,c,%ﬂ

Dy (i Dy + CaDy)

Generally, the combined stress should be kept within
68 percent of the ultimate strength. Thus.
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Stainless Steel Belleville Disc Spring
164" D, .343" OD, .016" Thick

Packs of 3 In stock
$2.63 per pack of 3
artactt
Material Stainless Steel
Max. OD . .
Minimum ID 0.164"
‘ ~ Ht Maximum OD 0.343"
MI n.
Thickness 0.016"
Thlckness Height 002"
Deflection @ Working Load ~ 0.005"
‘Working Load 36 Ibs.
Flat Load 65 Ibs.
ROHS Compliant

Stainless _steel springs offer corrosion _resistance.
‘Springs that are under 0.073" thick are made of 300
series stainless steel. Springs with a thickness of 0.073"
and larger are made of 17-7 PH stainless steel.

0343
Max. 0D

0.164"
Min. 1D

0016
Thickness

@

b ot com
02012 chtasirCare Sy Compary

‘Stanless Steel Belevile
Disc Spring
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Socket Head Cap Screw, M3-0.5 x 6 Vented

18-8 Stainless Steel

McMaster-Carr

9713K11

Bellevile Disc Spring, .164" ID, 343" OD, 016" Thick

Material <not specifiect

McMaster-Carr

921414009

Fat Washer, Number 8 Screw Size, 0.172" ID, 0.375" OD

18-8 Stainless Steel

Mc Master-Carr
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WASP-MO0-1011-2

FOCUS CCD FASTENER

8061-T6

MACHINED PART

WASP-MO0-1011-1

GUIDER CCD FASTENER

8061-T6

MACHINED PART

PART NUMBER

DESCRIPTION

MATERIAL

VENDOR
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Bolt Major Diameter - D = 3mm

Number of thread per inch 50

(with 2 1mm dia vent hole)

09743in _

2
tom) = 2758 107"

Tensile strength Area A, = ansJ(D -

Screw Tensile Strength: S, = 3iksi 304 (18-8) Steel Tensile YIELD Strength: 31 ks
Screw Proof Strength: P S¢-8 = 248 kst

Recommended Preload on Screw: Fg = 0.15-Sp A, = 5129116F

Recommended Torque on screw: T, = 02FgD = 12intbf T, = 0.137N-m

Nut Tensile Strength:  n, = 98ksi Invar 36 YIELD Strength: 98 ksi

(08 = T84ksi

Nut Proof Strength o

Recommended Preload on Nut:

08npA, = 172956 1bf

Recommended Torque on Nut

= 4086 intbf

02F, 1

B3

462N-m

= 200568166
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. DIMENSIONS APPLY AFTER PLATING

. ROUGH MACHINE TO WITHIN .25 MM OF FINAL DIMENSIONS

. STRESS RELIEF ANNEAL AND CRYOGENIC SOAK

. ELECTROLESS NICKLE PLATE PER MIL-C-26074 TO 2.5-4 MICRONS

. GOLD PLATE PER MIL-G-45204C TYPE 1 GRADE A CLASS-1 1. 3 MICRONS MINIMUM THICKNES:
. STABALIZE FOLLOWING PLATING AT 93C FOR 48 HOURS. ALLOW FURANCE TO COOL

TO ROOM TEMPERATURE. RAMP RATE FOR HEATING OR COOLING SHALL
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Bolt Major Diameter

Number of thread per inch 50

0.9743in’

2
) - rera?

Tensile strength Area A, = ansJ(D -

Screw Tensile Strength: s, = 160ksi 17-4PH YIELD Strength: 160 ksi

Screw Proof Strength:  Sp = S¢-8 = 1284ksi

Recommended Preload on Screw:  Fg = 0.75-Sp-A, = 73338L1bf

Recommended Torque on screw: T,

2FgD = 17324intbf T, = 1957 N-m
Nut Tensile Strength:  n, = 98ksi Invar 36 YIELD Strength: 98 ksi

Nt Proof Strength np = 008 = T8ksi

Recommended Preload on Nt F,, = 08:np-Ay = 470.14216F.
Recommended Torque on Nut

11318 intbf 1279Nm





