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The 1950s Encasements

Glass

Lead strip



Design and fabrication 
challenges

Completely sealed box—strength and 
deflection concerns.
Very long term, very high quality seal.
Means of testing and monitoring 
encasements needed.
Appearance extremely important.
Need to be able to open, encasements 
as light as possible.



Box with a glass front—
cross section view:
Clear glass

Metal box
Document (on 
platform)Argon gas

Seal area



Titanium 
Frame

Aluminum Base

Document Platform Front GlassC-section Seal

Cross Section Model of the new 
Charters of Freedom Encasements



Encasement design decisions 
Need for a extremely high quality seal 
between the glass and base structure led to 
an all metal “ultrahigh vacuum quality” seal.

Polymer seal would harden with age—time frame 
considered was up to 100 years
Diffusion through a non-metal seal would be a 
concern over the very long times considered.

The metal seal dictated many of the joint 
design features.



Metal seal
•C-cross section metal seal--
tin plated (~75um thick), 
inconel base metal

•Seals between the glass 
and the base

•Sealing pressure of 
approximately 80 N/mm of 
seal length

Glass

Base

Force of glass 
pushing on seal

The inconel yields a small amount on 
closing the joint, but retains elasticity 
indefinitely to maintain a positive 
sealing pressure as the outside 
pressure changes slightly.



Seal requirements
To protect documents from effects of oxygen, 
the seal should be so good that if there is any 
leak allowing the argon to be slowly replaced 
with air, the rate will be so small that in 100 
years there would be no more than 0.5 % 
oxygen inside.
Translated to technical terms:

Maximum allowable leak rate:  3 x 10-7 cc of 
helium per second.



Leak check method
Indium wire 
seal

Evacuated 
volume for leak 
checking

Glass

C-seal



Bolted joint
Required to apply the loading of 80 N/mm 
along the seal and deform the Indium wire 
for leak test seal.
With a spacing of ~50 mm between bolts, 
every bolt needs to hold a load of at least 
~4000 N (~900 pounds).
Bolts used: 3/8-24 stainless (18-8 type).
Smaller encasements have 66 bolts and the 
large encasements, 72.  



Page 1086, Machinery’s Handbook, 17th Ed., The Industrial 
Press, 1964



Machining Titanium Frames for New 
Encasements at NIST

• Commercially pure (CP) Grade 2 
Titanium

• Plate, approximately one meter 
square, 50 mm thick (40 x 40 x 2 inch 
plate)

•Machining parameters:

-- roughing with high speed  steel, 
titanium nitride coated end mills

-- finishing bevel area with 
tungsten carbide ball end mills, 
5500 rpm, 35 inch per minute feed



Testing the New 
Encasement Design

Thermal shock test

Results:  glass did not 
break and seal did not 
leak!

Pressure test to failure 

Results: four times the 
extreme service pressure 
to break the glass !



Strong, light, relatively easy to machine.
Excellent corrosion resistance.
Can be gold plated.
Was free, donated for project.

Why Titanium?



Are there weak spots?

Coarse thread on bolts, more bolts.
Two metal seals to allow a leak test 
years into the future.

When looking back after a couple of years, the 
design and fabrication appear to be excellent.  If 
we were to “do it again” I’d change the following:
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