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AUTHORIZATION 

1. The development and test reported herein were undertaken by 
authority of Bureau of Engineering letter, reference (a). Other rele
va.~t correspondence is indicated under references (b) and (c). 

Reference: (a) BuEng conf.let.C-S67/62(1-26-R6) of 20 Feb.1939. 
(b) NRL conf.let.C- S67/62 of 26 January 1939. 
(c) BuEng let.C-NP14/N8 (12-16-R8 ) of 19 Dec.1938, 

OBJECT OF TEST 

2. This problem was underta.~en to develop and test a suitable 
design of gas-tight transmission line terminals first described in 
reference (b). 

ABSTRACT OF TEST 

3. Transmission line seals in three sizes (1/4", 3/8", and 3/4 11 ) 

wer e constructed at the Naval Rese&rch Laboratory and subjected to 
tests to determine their suitability for use in the NaYal Service. 
Reference (a) requested information and data on seals for 7/8" line . 
Glass sealing alloy tubing suitable for construction of 7/8 11 trans-

- mission line seals was not obtainable except by special order and 
payment of tool costs. Therefore no S€als of this size were tested. 
A pair of 1/411 and 3/8 11 seals were attached to 20-foot lengths of 

· 1/ 4 and 3/8tr line re spec ti vely, the lines filled with dry nitrogen 
and sealed. At the end of the t est period, these lines were subjected 
to several t emperature cycles. Seals were tested for l eaks over a 
pariod of approximately eight weeks. Further, they were subjected 
to standard vibration and shock tests after which they were again 
examined for gas lenkage. 
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Conclusions 

(a) It is believed practicable to manufacture and use seals 
of this type on 1/4 and 3/8 inch transmission lines . 

(b) In view of experience gained in the manufacture of these 
items, there is no reason to believe that seals of this type can not 
be used on 7/8 inch transmission line. 

(c) It is believed that transmission lines fitted with these 
seals could be placed in service for an indefinite period of time 
without requiring attention. 
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Recommendations 

(a) In view of difficulties encountered at t he Naval Research 
Laboratory in the use of screw-thread fittings of any kind, it is 
believed that their use should be discouraged wherever it i s important 
that gas leakage be reduced to a minimum. 

(b) It is suggested that the Bureau take steps to obtain a 
quantity of the subject seals commercially and place them in service 
on Naval ships and stations in order to prove their value in actual 
service. 

IJUI •• -lb-



DESCRIPTION OF MATERIAL UNDER TEST 

4. Several 1/4-inch, 3/8-inch, and 3/4- i nch 6lass to metal seals 
were constructed for use in this investigat i on. Since no 3/4--inch 
trans~ission line was available, 3/4-inch seals were not subjected to 
the same tests as the 1/4 and 3/8-inch variety, but were constructed 
primarily to determine the feasibility of glass to m0tal seals in the 
larger diameters. In ·Plate 1, (a) and (b) show 1/4 and 3/8-inch seals 
respectively. The inner and outer conductors of the seals were manu
factured of a nickel-iron-cobalt alloy, known commercially as 11Kovar, 11 

furnished by Stupekoff Laboratories, Inc., a subsidiary of the Westing
house Electric and Manufacturing Company. The glass seal proper was 
manufactured of Corning Glass Works No. 705-AJ glass. The coefficient 
of linear expansion wifu temperature of both glass and metal is approxi
mately 4.7 x 10-6 centimeters per centimeter per degree Centigrade 
between 25° and 450° C. 

5. A 20-foot length of 1/4-inch transmission line manufactured 
by Communications Products Company was obtained and. two seals attached 
thereto. This line is constructed of soft dravm copper tubing 1/ 4-inch 
outside diameter.. The insulation consists of spun glass cord spirally 
wrapped about the inner conductor at a pitch of approximately two turns 
per inch. The inside diameter of the outer conductor is 0.177 inch and 
the outside diameter of the inner conductor is 0.051 inch. This line, 
with seals attached, was filled with dry nitrogen to a pressure of ap
proximately 14.5 pounds per square inch. 

6. · One 20-foot length of 3/8-inch transmission line manufactured 
by Isolantite, Inc., was fitted with a pair of seals, filled with dry 
nitrogen to a pressure of approximately 27 pounds per square inch and 
sealed. The outer conductor of this lihe consists of 3/8-inch outside 
diameter soft drawn copper tubing, the inside diameter of which is 
0.311 inch. The outer diameter of the inner conductor is 0,080 inch. 
The insulation of the line consists of isolantite washers spaced approxi
mately one inch apart. 

7. In order to provide suitable protection to the glass seal, a 
secondary terminal arrangement was designed and constructed as indicated 
in Plate 1. With reference to Plate 1, (c) shows the complete 1/4-inch 
terminal. (a), (d), (e), and (f) are the component parts of same. 
(g) portrays the 3/13-inch terminal and (b), (h), (i) and (-j), the compo
nent parts. One terminal, such as is shown in Plate 1 (c) and one 
terminal in Plate 1 (g) were fitted to short lengths of transmission 
line and subjected to vibration and shock. 

8. Plate 2 portrays a 3/4-inch seal without the protective terminal . 
Several seals of this size were constructed in order to determine the 
feasibil ity of their manufacture. They were not subj ected to the same 
t ests as the 1/4-inch and 3/8-inch seals . 

METHOD OF TEST 

9. The 1/4-inch and 3/8-inch lines shown in Pl ate 3 (a) and (b) 
respectively, after having been filled with dry nitrogen, were checked 
perioaica.LLy 1or gas pressure oy means oi 1.,ne pressure ga uge at 1.,au11eu 

}i 1~ :t i ~ ~7'1 ti~~ · . ..., .,. ~ · A. ~s ..... ir 
-~:.J , .. - . ~,.__; "' "\ _ ~ ' ~ t .-
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and insulation resistance by means of a General Radio Type 4.87-A megohm
meter. At the conclus ion of a period of approximately eight weeks, both 
of these lines were subjected to two temperature cycl es , after which the 
gas pressure and insulation resistance were again noted . Table 1 is a 
record of gas pressures , ambi&nt temperatures and insulation resistances 
for test period. 

10. The completed terminals (one of each size) at tached to short 
lengths of a transmiss ion line were tested f or leaks by submerging in 
water and applying approximately 150 pounds per square inch air pressure. 
These terminals were then mounted on a vibration table and subjected to 
vibration ranging from 1200 vibrati ons per mi nute to 3, 000 vibrations 
per minute over a period of five hours. The terminals were mounted on 
the vibration table in such a manner that the last clamp on the trans
mission line was approximately 5 inches from the end of the terminal. 

11. These two terminals were then mounted in the same manner on 
the shock testing equipment and subjected to 20 shocks of 250 foot 
pounds. The terminals were tef3ted for lee.ks after the vibration test 
and again after the shock test by submerging in water and applying 
150 pounds per square inch air pressure. They were also checked for 
.insulation resistance before and after each test. 

DATA RECORDED DURING TEST 

12. Data recorded during test are furnished in Table 1. 

RESULTS OF TEST 

13. In a problsm of this type a considerable portion of the i n
formation obtained cannot be readily tabulated and, therefore, · a dis
cussion of various problems encountered and their solution is in order. 
In the manufacture of glass metal seals of the type reported herein, 
it was found that a process of annealing was necessary in order to 
normalize strains set up in glass during the process of manufacture of 
the seal. The annealing was carried out in an electr ic furnace and 
t he procedure was as follows: The seals were brought up to the an
nealing temperature of 11Kovar 11 or approximately 450° C in about 4 hours 
and then allowed to cool to ambient temperature in approximately 12 hours. 
This method prevented fracture of the glass in the seal after any period 
of time and us long e.s the annealing process was used, no casual ties 
were suffered. In the 3/4-inch diameter seal s, the glass invariably 
cracked within a period of 48 hours unless the annealing proces s was 
used. As for 1/4 and 3/8-inch diameter seals,about 50% of those manu
factured without annealing would fracture in the course of 48 hours. 

14. It was found that stE:ndar d gauge fittings or any transmission 
line fittings that depend upon a screw-tl1read for attachment and a 
sealing compound, such as white l ead or litharge can not be depended 
upon as being gas-tight or remaining so. Therefore, fittings and 
terminals were at tached to lines by a sweating process only. 
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15. As indicated in Table l, o~er the period 25 J uly to 19 Sep
tember 1939, there was no detectable leakage of gas from either the 
1/4 or 3/$--inch line and no measurable change il1 insulation resistance. 
Table 1 also indicates gas pressures and temperatures for each line 
during the temperature cycle tsst. This test was conducted primarily 
to discover whether or not the seals would withstand wide variations in 
ambient temperatures without the development of leaks or fractures 
resulting in loss of gas. Indications were that no leaks dev-E,loped 
and at this date gas pressures are still comparable to those indicated 
at the beginning of the test. 

16. The terminals subjected to vibration and shock were test$d 
for leaks at an air pressure of 150 pounds per square inch. No leaks 
ware indicated. This test was repeated after a period of vibration 
and again after the shock test. There vrere still no indications of 
le~kage. In addition, termin!l.ls were tested for insulation resistance 
before &nd after the vibration and shock tests and no change was noted, 
the insulation resistance at all times being in excess of 50,000 meg
ohms. 

CONCLUSIONS 

17. It is bel:Leved practicable to manufacture and use seals of 
this type on l/4 and 3/8 inch transmission lines. 

18. In view of experience gained in the manufacture of these 
items, there is no reason to believe that seals of this type can not 
be used on 7/8-inch transmission line. 

19. It is believed that transmission lines fitted with these 
seals and protectbre terminals could be placed in service for an in
definite period of time without requiring attention. 
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Table l 

Test Data on Glass Sealed Concentric Lines 

Pressure Insulation Ambient 
lb./sq.in. Resistance Temp. 

1/4" line ,2/8 !1 line J/4 11 line 3/8n line oc Date 

14.4 26.2 50,000+ :meg 50,000+ meg 26 7-25-39 

14.5 27.0 fl ti 26.6 7--26-39 

14.5 26.5 n n 27.0 7-27-39 

14.7 27.0 ti 11 29.0 7-28-39 

14.5 26.6 ft I! 28.0 7-31-39 

14.8 27.2 If ti 31.0 8-1-39 

14.6 27.0 I! II JO 8- 2-39 

14,7 27.3 If II 32 8-3- 39 

14.5 27.0 I! II 29 8-7-39 

14.6 27.2 II II 31 8-8-39 

14.6 27.l !! ft 30 8--9-.39 

14,7 27.J !l It 32 8-11-39 

14.7 2'7.3 ti tt 32 8-15-39 

14,6 27.0 II ti 29 8-18-39 

1/-i., 7 27.3 ff ft Jl 8-20-39 

14,5 27.0 !I I I 29 8-24-39 

1/4.J 26.L, ti It 26 8-28-39 

14.2 26 .0 It ti 23.5 9-19-39) Temp. 
12.8 20 ti ft --14 9-19-39) cycl e 

#1 

14.2 25, .~ It It 21.0 9-20-39) Temp. 
12.5 18.4 11 II -25 9-20- 39) cycle 
14.9 JO 11 I! 50 9-20-39) #2 

14,l 25. s ·)E:t.; () 22 9-25-39 t,t;1l~l 
""d f ..... --

C1 n 
UNC -·---· 
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