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NOTICE 

When Government drawings, specifications, or other data are 

used for any purpose other than in connection with a definitely related 

Government procurement operation, the United States Government 

thereby incurs no responsibility nor any obligation whatsoever; and 

the fact that the Government may have formulated, furnished, or in any 

way supplied the said drawings, specifications, or other data, is not 

to be regarded by implication or otherwise as in any manner licensing 

the holder or any other person or corporation, or conveying any rights 

or permission to manufacture, use, or sell any patented invention that 

may in any way be related thereto. 

This document may not be reproduced or published in any form 

in whole or in part without prior approval of the Government. Since 

this is a progress report, the information herein is tentative and sub¬ 

ject to changes, corrections, and modification. 
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Foreword 

This report was prepared by the National Bureau of Standards 

Cryogenic Engineering Laboratory under WADD (now ASD) order No. 

(33-616) 61-04. It was administered under the direction of the Non- 

metallic Materials Laboratory, Materials Central, Elastomers Section, 

with Mr. R. E. Headrick acting as project engineer. 

The present research is a continuation cf work previously per¬ 

formed under sub-contract from Boeing Airplane Company. Previous 

work is reported in Boeing Airplane Company progress and summary 

reports issued under contract No. AF 33(616)-5722 and entitled Design 

Criteria for O-Rings and Similar Elastic Seals. 

V 
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Program Status 

This research is being carried out in three overlapping areas. 

These are Static Seals, Moving Seals, and Elastomer Properties. 

The work on static seals is in the advanced stages of testing 

optimum seal designs. We are also evaluating some of the more im¬ 

portant side parameters such as flexing and stretching of flange parts. 

The study of shaft seals consists of two parts: packings for 

slow-turning shafts and bellows type face seals for high speed rotating 

shafts. Tests of packings are in progress; background work for 

a high speed tester has been done and shop drawings are being pre¬ 

pared. 

The work on low temperature properties of elastomers and 

plastics is being expanded. Two new physicists will join our group in 

June. They will contribute to all phases of the program but will 

primarily strengthen the properties effort. The Elastomers Section 

of Materials Central, ASD, is now supplying samples for properties 

and functional testing. 

1. Static Seals 

The most significant improvement in static cryogenic seals 

during the past year has been the substitution of simple flat flanges 

for the tongue and groove design. This development, together with 

the use of O-rings of smaller cross section, has reduced the required 

flange load by a factor of four and flange machining costs by a similar 

amount. The softest elastomers cannot be used in this way, and there 

may be some small sacrifice in reliability of the seal at high pressures, 

but these disadvantages are offset by simplicity and the great saving 

in weight which the new design makes possible. 

A detailed study of the possibilities of flat flange seals was 

undertaken in connection with some requirements of the Centaur 

missile program. A number of flanges supplied or specified by 

Convair Astronautics were studied, using the method shown schematically 

in Figure 1. The flange and seal assembly was surrounded by a 

vacuum jacket which was maintained by a roughing pump and a helium 

leak detector. A stainless steel tube which passed from the seal 

assembly through the top plate of the vacuum can could be used to 

introduce either helium pressure or refrigerant (liquid N_> or H ) 
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Fig. I 

Schematic of Sea! Test Procedure 



5 

into the seal assembly. Thus the seal could be tested at any desired 

pressure, either before, after, or during cooldown, and any helium 

escaping into the vacuum space would be immediately observed by the 

leak detector. 

Leak rates greater than 0. 5 cc per hour exceeded the capacity 

of the leak detector. These were evaluated by removing the vacuum 

jacket and submerging the flange assembly in water or liquid nitrogen. 

The inside of the assembly was then pressurized with helium gas, 

sealed off, and the leak rate determined by observing the rate of 

pressure decay. 

Test procedure consisted of cleaning the flange faces with 

trichloroethylene and installing the O-ring as received from the 

manufacturer. Compression was by stepwise cross-tightening of the 

flange bolts with the aid of a calibrated torque wrench. The threads 

of the bolts were kept lubricated with a molybdenum disulfide aerosol 

dispersion. The assembly was then placed in the vacuum can and the 

latter evacuated. The seal was checked at room temperature by 

purging out the air and then pressurizing with helium gas. Success 

of the seal was determined by a zero reading on the most sensitive 

scale of the leak detector, which meant a leak of less than 3 x 10“^ 

standard cc of helium per hour. Higher leak rates were determined 

by reading the leak detector scales or by pressure decay as mentioned 

above. Some of the seals were subjected to a series of 25 temperature 

cycles by removing the flange assembly from the vacuum can and 

alternately submerging it in liquid nitrogen and hot water. The 

assembly was then placed in the vacuum can and again tested for 

leaks. Rapid pressure cycling was accomplished by means of an off- 

on switch which operated the three-port solenoid valve shown in 

Figure 1. 

1. 1 Extreme Lightweight Flange 

One application involving airborne hardware for the Centaur 

missile required that weight be kept to an absolute minimum. The 

flange proposed by Convair Astronautics for this application is shown 

in Figure 2. The flange, which fits a 3" O. D. pipe, was made of type 

304 stainless steel with faces only . 095" thick. There were eight 

holes for 1/4" bolts, equally spaced on a 4" bolt circle, and further 

reduction in weight was made by cutting out scallops of material 

between the bolt holes. The various methods which were tested for 

sealing pairs of these flanges are listed in Table 1. 



Scale.' Full Note! Fractional tolerance 11/64 

Material; 304 S.S. Decimal tolerance 1 .010, except 

where noted. 

FIG. 2 

Extreme Lightweight Flange 
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As shown in Table 1, three seal materials were used. These 

were Parco Hypalon ^ Compound 921, durometer 50; Parco Neoprenes 

Compound 307, durometer 50, and 308, durometer 30; and Mylar R 

film. Hypalon and Neoprene were used as O-rings in two thicknesses, 

. 070" and . 103". On some of the O-ring tests a short stainless steel 

sleeve was fitted snugly inside the flange to hold the O-ring in position 

and prevent inward extrusion. A typical cross section of a flange 

assembly using such a sleeve is shown in Figure 3. Mylar film was 

used by making "sandwich" of two flat Mylar gaskets separated by an 

O-ring shaped compression ring made of nichrome wire. The ends 

of the wire were tapered and silver soldered to make a smooth joint. 

No really satisfactory method for sealing these extremely 

light-weight flanges was found. Some of the seals held at room temp¬ 

erature, and one Hypalon O-ring used with the sleeve was leak 

detector tight at 76°K. But even this successful seal was probably 

borderline since a second attempt of the same kind failed when cooled 

to 76°K. 

The reason for failure of these seals was lack of sufficient 

stiffness in the flange faces. Attempts to overcome this weakness by 

various schemes, as noted under "comments" in Table 1, were not 

successful. It is felt that the flange could be designed for greater 

rigidity with little or no increase in weight. In the present design 

there is minimum stiffness between bolts, which is precisely where 

maximum stresses occur. The price of a more carefully engineered 

flange design is likely to be higher machining costs, but a rib between 

the bolt holes, for example, would not add much to the cost and would 

greatly improve the flange characteristics. 

1. 2 Successful Flat Flanges 

Additional flanges specified for the Centaur missile program 

are shown in Figures 4 and 5. These flanges, for 2. 5" and 3" O. D. 

pipelines respectively, were made of stainless steel with flange faces 

. 200" thick. The smaller flange was drilled for ten l/4" NF 18-8 

stainless steel bolts on a 3. 345" bolt circle, and the inside corner was 

given additional beef at the expense of some reduction in pipe I. D. 

The larger flange lacked this reinforced corner and used only 8 bolts 

(same bolts as the other flange) on a 4" bolt circle. 

R du Pont Trademark 



"0" RING 
RETAINING -7 

SLEEVE 

COMPRESSED 
"0" RING 

FIG. 3 

Typical Flange Assembly 
With "o" Ring Retaining Sleeve 
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Scale! Full Note! I. Fractional tolerance - 1/64 

Material! 321 SS 2. Break all corners 

3. Decimal tolerance ; 0.005 

Figure 4. Centaur Flange for Z. 5" O. D. Line 



I 2> 

jjffe BORE, 8 HOLES EQUALLY SPACED ON 4.000 B.C 

LOCATE WITHIN 0.010 OF TRUE POSITION 

l/ 

ou -a* 

R ^ 
/•099 1 0.640 

'///. m. m m * w 
_ 

_■* fine: + 0.00 5 _ 
i 

0.200 
- 0.000 ^ 

A QA^ 

Scale: Full Note! Fractional tolerance ± 1/64 

Material; 304 S.S. Decimal tolerance - .010, except 

where noted. 

FIG. 5 

Centaur Flange for 
3"QD. Line 



14 

Certain parts of the Centaur fuel handling equipment call for a 

transition from stainless steel to aluminum. The flanges shown in 

Figures 4 and 5 were therefore duplicated from 6061, T6 aluminum, 

except that the flange faces were made . 300" thick instead of . 200" . 

These were tested, both before and after anodizing to a black hardcoat 

finish, by mating with the corresponding stainless steel flanges. Except 

for the anodizing treatment, which was tested both polished and un¬ 

polished, all flange surfaces were used in the as-machined condition. 

Table 2 gives the results of testing various combinations of 

these flanges with seals of Neoprene, Hypalon R , Viton R, Mylar R , 

and Teflon R . 

Successful seals were obtained with all of the flange combinations. 

The Hypalon compound seemed to be somewhat more reliable than the 

Neoprene, and was tested more extensively. The Viton compound was 

successful in both of the tests for which it was used. The Mylar "sand¬ 

wich" seal was very reliable when the proper combination of film 

thickness, compression ring cross section, and compressive force 

were used. In both types of seal a spacer ring to control the amount 

of compression would be advantageous. A machined step in one of the 

flange faces would also serve this purpose. The Mylar seals require 

only about half as much flange loading as the . 070" W elastomers, but 

this advantage is somewhat offset by the fact that the elastomers can 

more easily adjust to flange irregularities. Another problem in the 

use of Mylar film is the possibility of cracking if the compressive 

stress is too concentrated or too high. 

An important factor present in these tests was flexibility of the 

flanges. In every case there was appreciable flexing of the flanges 

which resulted in a more or less uniform spring loading of the seals. 

In the case of the extreme lightweight flange, flexing was so non- 

uniform that a reliable seal could not be achieved. The other flanges 

flexed into a fairly uniform cone shape (although some of the seals 

deformed into a flower pattern, showing some bowing between bolts). 

When the flexing was relatively uniform it served to reduce the initial 

compression required to maintain the seal during cooldown. Measure¬ 

ments indicated that good seals were being made with 65 to 70% com¬ 

pression of the O-ring, whereas 70 to 80% has been required in 

previous tests. 

R du Pont Trademark 
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An attempt was made to study this spring loading effect with the 

aid of cone-shaped washers having a known spring constant. The . 070"W 

O-rmgs of Hypalon compound 921 -50 were loaded through 6 of these 

washers having a spring constant of 61. 5 lb/mil. An apparent squeeze 

of 80% required to hold the seal without washers was reduced to 74% 

when loaded through the washers. Total force on the 1" diameter CD- 

ring was 6300 pounds, or 2000 pounds per linear inch of original cir¬ 

cumference. 

Although heavy flanges and bolts were used for this experiment 

there was still some flexing of the parts, which complicated accurate 

measurement of O-ring thickness. Some very massive plates are pre¬ 

sently being fabricated to continue this study. They will be used with 

oversize bolts and instrumented with strain gauges to measure the 

forces on the O-ring. This should make possible a more accurate 

comparison of O-ring seals made with and without the effects of spring 

loading. 

The Fluorogreen seal shown under Miscellaneous Seals in 

Table 2 holds some promise for applications which cannot use elasto¬ 

mers because of oxygen incompatibility. This modified Teflon^ 

material made a good seal in our first test, when used in the same way 

as elastomer O-rings, even though the plastic was permanently de¬ 

formed to the shape shown in Figure 3. A second identical test, how¬ 

ever, was not satisfactory. The leak rate was not excessive, but it 

built up slowly at 76°K, and was still increasing when it exceeded the 

scale of the helium leak detector. It is of course possible that the 

second O-ring was defective, but at present the tests of this material 

are inconclusive. 

In summary, the following recommendations are based on our 

present knowledge of the art of cryogenic sealing with elastomer or 

reinforced Teflon O-rings: 

1. Use simple flat flanges with sufficient stiffness to 

prevent bowing between bolts, but a slight conical flexing of 

flanges or stretching of bolts (which does not exceed the elastic 

limit of the materials) is not objectionable and will tend to re¬ 

duce the required flange loading.. Design the flange and bolts 

R Trademark of John L. Dore' Co. 

R du Pont Trademark 
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for a load of about 2000 pounds of force per linear inch of 

original O-ring circumference. The insides of the bolt holes 

should not intersect the compressed O-ring, but should be 

kept as close to the O-ring as practical. 

2. A normal machined flange surface is suitable. All 

traces of oil or grease should be removed from the flange faces 

with solvent. 

3. Choose an O-ring (see Table 2 for suggested 

materials) having a cross section diameter of . 070" and a 

mean ring diameter slightly less than the I. D. of the flanges. 

4. Stretch the O-ring around a short thinwalled tube 

(same material as the flanges) which fits snugly inside the 

flange I. D. 

5. Slip this retaining tube inside one flange, with the 

O-ring resting on the inside shoulder of the flange. 

6. Bring the mating flange into position and cross- 

tighten the bolts until the O-ring is compressed to 75 to 80%. 

7. The O-ring will flatten and spread outward at the same 

time that is is forced tightly against the retaining sleeve. Slight 

extrusion around the inside corners of the flanges is not object¬ 

ionable. 

8. A . 014" thick spacer ring or an equivalent machined 

step in one of the flange faces will help control the O-ring com¬ 

pression, and will eliminate the need for taking bolt torque 

readings or O-ring compression measurements. 

2. Properties Program 

2. 1 Compression Testing of Some Composite Inorganic Seal 

Materials 

2. 1. 1 Introduction 

The Armour Research Foundation materials testing laboratory 

has investigated the possibility of combining the structural properties 

of hard metals with the conforming properties of soft, ductile metals 
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to be used primarily for high temperature seals. In coordination with 

this effort N. B. S. - C. E. L. has tested several compounds supplied by 

Armour to determine their low temperature behavior. Sealability 

tests have been reported previously; in brief, it was found that gaskets 

containing the metal indium as the soft impregnate made leak tight high 

vacuum, high pressure seals at temperatures as low as 20°K . The 

testing conditions and flange designs were similar to those previously 

used in the functional elastomer seal tests. 

The promising results obtained from these tests prompted 

preliminary investigations of the mechanical and viscous behaviors of 

the composites, at room temperature and at 76°K. It is hoped that 

comparisons between results at various test temperatures will aid in 

understanding the composite structure and its possible use for low 

temperature seals. 

TABLE 3 Armour Research Test Specimens 

Sample A B C D E 

Skeleton 430 ss* 430 ss 304 ss Molybdenum 430 ss 

Skeleton bonded? Yes Yes Yes Yes No 

Skeleton density 23% 23% 22% 31% 23% 

Impregnate indium indium indium silver silicone 

resin 

slurry 

* Stainless Steel 

2. 1. 2 Materials and Apparatus 

The five samples tested were supplied by Armour; they are 

designated A, B, C, D, E in Table 3 and were cylindrical approximately 

1 in ^ x 1/2 in. long, before testing. Since only a limited number of 

tests could be performed on each sample, stress-strain curves in 

compression and load relaxation were chosen to describe the behavior 

of the materials. Tests were performed using an Instron universal 

testing machine and graphs of applied load vs. time were made using 



the Instron recorder. Crosshead speed was maintained at a constant 

rate of 0. 002 inches per minute during all tests. 

Figure 6 shows the compression cryostat and loading members. 

The overall deformation was calculated from the relative time rates 

of the chart and the crosshead. Deformation of the loading members 

was measured, and subtracted from the overall to determine the actual 

sample deflection. The loading members were responsible for more 

than 60% of the total deflection in most cases; consequently the measure¬ 

ments are not quantitatively accurate. This is particularly true at 

stresses less than 200 psi. In order to use the Instron machine directly 

in compression a load cell was mounted on the bottom of the moving 

crosshead, and the compression cryostat was placed on a large plate 

mounted on the base of the machine. 

2. 1. 3 Testing Procedure 

Two samples of the 430 ss + Indium composite and one each of 

the other three composites were available for testing; therefore more 

tests were performed on the 430 ss + Indium than on the others. The 

tests were performed and reported by T. F. Durham of the Mechanical 

Properties section of C„ E. L. The deformations refer to total de¬ 

flection. Thus "the sample was deformed 5%" means that the total de¬ 

formation of the sample and the loading rods was 0. 05 x 0. 5 = 0. 025 

inches. Following is Mr. Durham's report of test procedure on each 

sample: 

Specimen A: Nominally 0. 505" thick with a diameter of 

1. 130". All loads were applied at room temperature and the 

sample was deformed successively to 1%, 5% and 20% deflection 

with stress relaxation curves of 1 minute duration and unloading 

curves obtained for each test. Final thickness of the specimen 

was 0.417 inches. The sample was then reloaded to obtain a 

stress relaxation curve of 1 0 minutes at 20% deflection. No 

further measurements were made. 

Specimen B: Nominally 0. 505" thick with a diameter of 

1. 130". All loads were applied at 76°K and the sample was de¬ 

formed successively to 5% and 6%. Stress relaxation curves of 

1 min. and 6-1/2 min. respectively, and unloading curves, were 

obtained. Deforming this sample beyond 6% would have involved 

loads much greater than 5000 lbs and this was considered un¬ 

desirable with the particular loading apparatus being used. Also 
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Figure 6. Compression Cryostat, and Loading Members 
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the sample was thought to have been deflected to 1% but this 

amount was later found to be "take up" in the loading members. 

On all subsequent tests this "take up" was compensated for. 

The sample was permanently deformed 0. 012". 

Specimen C: Nominally 0. 505" thick with a diameter of 

1. 130". At room temperature the specimen was deformed 1%. 

It was then cooled to 76°K and again deformed 1%, and following 

this it was deformed 5%. Stress relaxation curves of sufficient 

duration to establish the behavior, and unloading curves, were 

obtained for each test. After warmup the specimen was found to 

have sustained only about 0. 001" permanent deformation. 

Specimen D: Nominally 0. 502" thick with a diameter of 

1. 130". At room temperature the sample was deformed 1%. It 

was then cooled to 76°K and deformed successively 1%, 5% and 

again 1%. Stress relaxation curves for periods up to 20 minutes, 

and unloading curves, were obtained for all tests. After warm¬ 

up the specimen was found to have sustained only about 0. 001" 

permanent deformation. 

Specimen E: Nominally 0. 502" thick with a diameter of 

1. 130". The specimen was deformed 1% at room temperature 

and then 1% and 5% at 76°K. Stress relaxation curves for periods 

of about 3 to 10 minutes and unloading curves were obtained. 

There was approximately 0. 003 inches permanent deformation. 

2. 1.4 Discussion of Results 

Since the deformation of the loading members played an im¬ 

portant part in the total deflection recorded on the original graphs, the 

data were translated to working curves and these corrected curves 

plotted in Figures 7 thru 12. In all cases the stress was calculated on 

the basis of the initial cross section area of the samples. 

Figure 7 shows room temperature loading curves for each 

sample. Only sample A was loaded extensively at room temperature, 

and a complete curve for this test is shown in Figure 8. With reference 

to Figure 7, it should be re-emphasized that difficulties in measuring 

the exact deformation of the loading members in this range of loads cause 

some doubt as to the quantitative value of the curves. However, the 

shape of the curves should be valid. The steadily increasing slope was 

not observed in tests by Armour at room temperature shown in WADC 
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Tech. Report 59-338, Part I. The increasing slope in the NBS curves 

(Figure 7) is probably due to two effects not representative of the 

materials as a whole. These are 1) initial compression of surface 

irregularities, which reduces the actual loading area; 2) compression 

of a film of the soft impregnant which is closest to the surfaces. In 

other words, the main body of the sample does not "see" the entire 

applied load until these initial effects have been overcome. However, 

they cannot be disregarded, since they are present each time a sample, 

or a gasket type seal, is compressed at room temperature. The 

strain rate also plays an important role in the measurements. The 

curves might have entirely different characteristics if the strain rate 

were increased or decreased by a factor of five. This could also be a 

reason for discrepancies between the NBS tests and the Armour tests. 

The Armour tests were taken with a constant rate of stress during the 

loading period, whereas the present testing used a constant rate of 

strain. 

Figure 8 shows two tests run on sample A at room temperature, 

including the unloading portion of the second test. Hysteresis in the 

loading rods prevented accurate analysis of the unloading curves in 

general; however, in Figure 8 the deformation was much greater than 

that for other tests, and some analysis of the recovery was possible. 

Note that stress was calculated on the basis of the initial cross-section 

of the sample, not a good approximation for this test since the area 

increased significantly during the loading period. Note also the yield 

for both tests, and the non-recoverable plastic flow after yield for the 

second test. 

Figures 9 and 10 show loading curves taken at 76°K. The 

curve for sample C, 304 ss + Indium, was actually the second test 

performed on the sample, and therefore can be compared with the 

second test performed on sample B, 430 ss + Indium. It can be seen 

that the stronger 430 skeleton caused a higher yield strength, but after 

yield the indium was the more predominant material and the slopes of 

the curves were similar. Sample D did not show a yield probably due 

to the greater skeleton density and higher strength of the impregnate. 

The non-bonded skeleton of sample E was not as strong, and behaved 

in a manner similar to the post-yield curves of samples B and C. 

Permanent deformation was somewhat greater for this sample, but 

even so most of the deflection was recovered. 

After a seal has been assembled, it is important that most of 

the initial sealing force be maintained throughout the use of the seal. 
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Hence some knowledge of the viscoelastic behaviors of the composite 

inorganic seal materials is important to the design engineer. To this 

end stress relaxation at constant strain was measured as a function of 

time during the stress- strain tests described above. Figures 11 and 12 

show the results of these tests at room temperature and at 76°K respect¬ 

fully. Sample D was omitted from Figure 11 because no relaxation was 

measured from a stress below 200psi; however, the relaxation was 

very small - from 450 psi to 435 psi in 4 minutes, with a shape similar 

to that of sample E, Figure 11. Sample B was omitted from Figure 12 

because irregularities in the testing procedure are believed to have 

affected the results. 

During the summer months continuous expansivities of the 

composites from room temperature to 76°K will be measured using a 

continuously recording dilatometer now under development. Also the 

304 ss+Indium composite, which exhibited some anomalies not pre¬ 

sented here, will be investigated further if time permits. 

2. 2 Properties of Elastomers 

2. 2. 1 Compression Dilatometer 

Work with the compression dilatometer described in our March 

1 Progress Report has continued during the present reporting period, 

and will be discussed briefly at this time. These experiments have as 

their objective the understanding of the mechanism involved when an 

elastomer is compressed at room temperature and subsequently cooled 

to a low temperature - in this case 76°K. The four variables pertinent 

to the mechanism are temperature, applied stress, strain, and time. 

A variation in any one of these produces changes in some of the others. 

The apparatus was designed to keep the applied stress constant during 

a given test, thereby allowing some discussion of the relations between 

the other variables. 

The process begins when the constant stress is applied at room 

temperature. Even before the sample is cooled, a time - dependent 

deformation begins: as time increases, the sample contracts. Other 

investigators have shown deformations at around 300°K due to shear 

strain to be a linear function of log time in the range one minute to one 

week, and the same dependence is expected in compression. This 

continued deformation, or creep, is caused by re - orientation of secon¬ 

dary bonds between molecules, which continually seek a more relaxed 
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position. Cission of primary cross-links between the long chain 

molecules and re-orientation of chain entanglements also, to a lesser 

extent, cause the creep phenomenon. 

As the elastomer starts to cool creep continues at a somewhat 

reduced rate, and at least two other effects add to the overall con¬ 

traction. First, the normal thermal expansion causes shrinkage; it 

has not been determined whether this so-called normal expansion (or 

contraction, in our case) is changed by the configurational changes 

in the compressed sample. Secondly, the vibration of the atoms be¬ 

comes of smaller amplitude, causing the molecular configuration to 

tend toward a more ordered state. Since, at any temperature, the 

equilibrium position with no force applied is the configuration of 

maximum entropy or highest disorder, it follows that the amount a 

sample contracts when subjected to a constant force increases with 

decreasing temperature. This effect is referred to as the Gough-Joule 

effect, and adds to the overall contraction of the sample. 

The above effects change radically when the elastomer reaches 

its glassy-state transition temperature. At this point, random thermal 

motion of the chains is inhibited by the fact that free rotation of chain 

elements about single bonds will not take place at an appreciable rate, 

and the material becomes hard and rigid like a glass. At temperatures 

below this point (T ) the behavior corresponds to that of an ordinary 

solid, and the entropy has a negligible effect on force-length-tempera¬ 

ture relations. Therefore the Gough-Joule effect, as well as the creep 

effect, do not appear below T . Only the normal thermal expansion 

below the brittle point should %e present. 

Figures 13 and 14 show some results obtained using Viton A, 

a co-polymer of hexafluoropropylene and vmylidene fluoride. It should 

be mentioned that the results are still preliminary in nature, and thus 

should be considered qualitative rather than quantitative. Figure 13 is 

a plot of the contraction of a 1 in ^ x l/Z in compression set button as 

a function of time. Before cool-down the contraction was a linear 

function of log time, which agrees with the results in shear as 

previously mentioned. After cool-down was begun, the normal thermal 

contraction and Gough-Joule effect added to the already rapid contraction 

until the glassy-state transition was complete, after which only a 

small change in length was observed, not discernible on the scale used 

in this plot. 

R du Pont Trademark 
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Figure 14 shows how the overall contraction of the material can 

be reduced by keeping a small strain on the sample for several days. 

During the pre-stressing period at room temperature the strain was 

about 40 psi, and resulted in an appreciable reduction in contraction 

during cooldown. It is believed that this small strain could not have 

induced crystallinity, or otherwise affected the true properties of the 

elastomer. The reduction is attributed solely to diminishing the 

contribution of creep. The obvious conclusion is that if an O-ring were 

stressed prior to actual use (by assembling the seal ahead of time, for 

example) and then re-stressed just before using (by re-tightening the 

bolts) it would effect a satisfactory seal at lower temperatures than if 

the prestressing were not performed. Alternately, a smaller squeeze 

(and smaller bolt torque) would effect a good seal at some given 

temperature. This result was observed in a few of the functional seal 

tests, but has not been studied with specific reference to creep effects. 

2. 2. 2 Properties Program Plans 

Two sets of elastomer samples have been received from the 

Elastomer Section of Materials Central. Other elastomer and plastic 

samples will be compounded and supplied as needed. These are being 

made in the form of compression buttons, expansivity cylinders, and 

O-rings. Present plans call for continuation of the compression di- 

latometer and O-ring sealability studies, using these newly available 

samples. In addition, two new tests are under development. 

The first of these, for which the apparatus is about 80% 

complete, is a dilatometer for continuously measuring and recording 

the temperature-length relation of a 1/2" x 2" long cylinder as it is 

slowly cooled from room temperature to 76°K and again warmed to 

room temperature. The slope of this temperature-length curve at any 

temperature will, of course, yield the linear coefficient of thermal 

expansion at the temperature. It is intended that this experiment will 

provide the basis for preliminary screening and comparison of the 

various elastomers and plastics. 

The second test, for which the apparatus is about 50% complete, 

will use both O-rings and compression buttons. The object of these 

measurements will be a detailed study of the forces required to highly 

compress O-rings and test-buttons at room temperature, and the rate 

of decay of these forces as the temperature is lowered. The com¬ 

pressive force will be applied through temperature compensated and 

calibrated strain gauges, and temperature measurement will be by 
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thermocouples. Both temperature and force will be continuously re¬ 

corded by means of either an x, y recorder or a multipoint strip chart 

recorder. 

3. Moving Seals 

The apparatus for study of packings for slow-turning shafts is shown 

in its present form in Figure 15. It was necessary to go to the double 

seal arrangement shown in Figure 1 5 in order to eliminate end thrust on 

the shaft when pressure was applied to the seal. Attempts to oppose 

this thrust through a ball bearing were partially successful, but 

measurements of the torque required to turn the shaft were more 

difficult to interpret because the resistance of this bearing varied with 

pressure and temperature. Another important improvement in the 

present apparatus is lining the packing sleeves with molybdenum filled 

and reinforced Teflon. This has completely eliminated the siezing 

which would frequently occur when the stainless steel shaft and brass 

sleeve rubbed together. 

The shaft is turned at 1 6 rpm through a variable clutch and 

flexible drive. These allow the tests to be performed with the jig 

clamped in a vice on the bench or, alternately, in a dewar of liquid 

nitrogen or hydrogen. Time has not yet permitted any extensive testing 

of packings with this unproved apparatus, but preliminary tests with 

chevron type packings of Teflon indicate that the problem of bearing 

resistances has been solved. 

Figure 16 is a semi-schematic sketch of the high speed rotating 

seal tester which is presently being detailed. Complete working draw¬ 

ings of this apparatus will be prepared, but machining and assembly of 

parts cannot be supported by our present budget. 

A ckn owl edge ment 

We wish to acknowledge the important contribution of D. B. 

Chelton and L. E. Scott who planned and supervised most of the tests 
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Packing Tester for 
Low-Speed Rotating Shaft 
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Fig 16 High Speed Rotating Seal Tester 



U. S. DEPARTMENT OF COMMERCE 

Luther H. Hodges, Secretary 

NATIONAL BURLAU OF STANDARDS 

A. V. Astin, Director 

THE NATIONAL BUREAU OF STANDARDS 

The scope of activities of ihe National Bureau of Standards at its major laboratories in Washington, D.C., and Boulder, 

Colorado, is suggested in the following listing of the divisions and sections engaged in/technical work. Tn general, 

each section carries out specialized research, development, and engineering in the field indicated by its title. A brief 

description of the activities, and of the resultant publications, appears on the inside of the front cover. 

WASHINGTON, D.C. 

Electricity. Resistance and Reactance. Electrochemistry. Electrical Instruments. Magnetic Measurements. 

Dielectrics. 

Metrology. Photometry and Colorimetry. Refiactometry. Photographic Research. Length. Engineering 

Metrology. Mass and Scale. Volumetry and Densimetry. 

Heat. Temperature Physics. Heat Measurements. Cryogenic Physics. Equation of State. Statistical Physics. 

Radiation Physics. X-ray. Radioactivity. Radiation Theory. High Energy Radiation. Radiological Equipment. 

Nucleonic Instrumentation. Neutron Physics. 

Analytical and Inorganic Chemistry. Pure Substances. Spectrochemistry. Solution Chemistry. Analytical 

Chemistry. Inorganic Chemistry. 

Mechanics. Sound. Pressure and Vacuum. Fluid Mechanics. Engineering Mechanics. Rheology. Combustion 

Controls. 

Organic and Fibrous Materials. Rubber. Textiles. Paper. Leather. Testing and Specifications. Polymer 

Structure. Plastics. Dental Research. 

Metallurgy. Thermal Metallurgy. Chemical Metallurgy. Mechanical Metallurgy. Corrosion. Metal Physics' 

Mineral Products. Engineering Ceramics. Glass. Refractories. Enameled Metals. Crystal Growth. 

Physical Properties. Constitution and Microslructure. 

Building Research. Structural Engineering. Fire Research. Mechanical Systems. Organic Building Materials, 

Codes and Safety Standards. Heat Transfer. Inorganic Building Materials. 

Applied Mathematics. Numerical Analysis. Computation. Statistical Engineering. Mathematical Physics. 

Data Processing Systems. Components and Techniques. Digital Circuitry. Digital Systems. Analog Systems* 

Applications Engineering. 

Atomic Physics. Spectroscopy. Radiomelry. Solid Stale Physics. Electron Physics. Atomic Physics. 

Instrumentation. Engineering Electronics. Electron Devices. Electronic Instrumentation. Mechanical Instru¬ 

ments. Basic Instrumentation. 

Physical Chemistry. Thermochemistry. Surface Chemistry. Organic Chemistry. Molecular Spectroscopy. 

Molecular Kinetics. Mass Spectrometry. Molecular Structure and Radiation Chemistry. 

• Office of Weights and Measures. 

BOULDER, COLO. 

Cryogenic Engineering. Cryogenic Equipment. Cryogenic Processes. Properties of Materials. Gas Liquefaction. 

Ionosphere Research and Propagation. Low Frequency and Very Low Frequency Research. Ionosphere 

Research. Prediction Services. Sun-Earth Relationships. Field Engineering. Radio Warning Services. 

Radio Propagation Engineering. Data Reduction Instrumentation. Radio Noise. Tiopospheric Measurements. 

Tropospheric Analysis. Propagation-Terrain Effects. Radio-Meteorology. Lower Atmosphere Physics. 

Radio Standards. High Frequency Electrical Standards. Radio Broadcast Service. Radio and Microwave 

Materials. Atomic Frequency and Time Interval Standards. Electronic Calibration Center. Millimeter-Wave 

Research. Microwave Circuit Standards. 

Radio Systems. High Frequency and Very High Frequency Research. Modulation Reseaich. Antenna Research. 

Navigation Systems. Space Telecommunications. 

Upper Atmosphere and Space Physics. Upper Atmosphere and Plasma Physics. Ionosphere and Exosphere 

Scatter. Airglow and Aurora. Ionospheric Radio Astronomy. 



D
e
p
a
r
tm

e
n
t 

o
f 

C
o
m

m
e
r
c
e
 

P
o

s
ta

g
e
 
a
n

d
 
F

e
e
s
 
P

a
id

 

N
a
tio

n
a
l 

B
u

r
e
a
u
 
o

f 
S

ta
n

d
a
r
d

s
 

s
.
 

D
e
p

a
r
tm

e
n

t 
o
£
 
C

o
m

m
e
r
c
e

 

B
o

u
ld

e
r
 
L

a
b

o
r
a
to

r
ie

s
 


