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1. Del ay~ lay· manufuctured 
b-J the Ameri~an Gas Accum ator ompany· 'f.1!s authorized by the Bureau 
of .Engineering on 6 September 1933;~ letter file No. S67/21../L5(9-2-W8) 
to the Di~ector, NaV&l Research• Laboratory, Bellevue, D.C. 

OBJECT: 

2. 
r 

The object ot;, the test was to determine: ~-
(a) 'Ille ~uitability of the-. "Aga.stat" rel&y for Naval use. 

~ 

(b) '!be effects of temperature variations upon the operation 
_of the relay. ~-~ 

(c) 'l'he operational. characteristics of the "Agastat" relay as 
compared to devices of a similar nature when subjected to at 

C"' least 5,000 breaks while carrying full rated load. 

I -. 

I -

(d) The mechanical suitability of the relay and what improvements 
~ere deemed deslrcble or necessary • 

., f' 3. The per.formance of the m.etorilll.s under tect may be 
summarized as follows; 

(a) The ~Agnstat" relay functioned satisfactorily over a range of 
temperatures of 3° Centlgrade to approximutely 35° Centigrade. 
At te!llperatures ln e~cess of 35° Centigrade the relay ceased 
to function. r6, · 

(b) The General Electric Company Type "P~" relay, when subjected 
to the sa.~e operating conditions as the "Agastat" relay, 
functioned successfully over a range of temperetures of 2° 
Centigrade to 50.4° Centigrade. . 

(c) 
I 1r-::.. 

1 .. -

Note: Due to the limitations of the refrigerating system used 
in these tests a tecperature of o° Centigrade could not be obt 

I I --i (u) • 

r 

(b) 

(c) 

, . . 

4, i?-- In view of the test results lt mey be concluded that: 

The "Agastat" relay ln the form 1n which it was submitted is 
not suiteble for Navul use in locations whore the ambient 
temperuture m~ exceed 35° Centigrade. 

The Type "PQ" relays, manufactured by the General Electric 
operate successfully et temperatures between the limits of 
Centigrade and 50° Centigrade. 

It may be assumed that both the "Agnstat" and the ''PQ" relays will 
function suceeosfully at temperatures down too° Centigrude since 
no signs of failure were dctecwble when operating et temperatures 
of 2 or 3° Centigrade. 

1 
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J 
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RECOMMENDATIONS 

In view of the facts determined from this test it is recom­
mended thnt the Bureau ~ithhold ~ppror--1 of the "Agastat" relay for 
use in Naval radio transmitting equipment. 
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5. The materials '~nder test w~re e sample "tgnstat" tlme 

delay rel~y munufactured by the P.merico.n Oas Accumulator Company and 

n tspe "'P~" relay manufactured by the General Electric Co:::ps.ny. 

MEIEOD OF TES'!': 

6. The "Agnstet relay as subjected to a careful inspection 

und the following fccts r.ere noted: 

'a) 7hc rel&y 1~ of r ugged and coopact construction and is of the 

following~outside ~imensions: ' 
.... 

Width - 2-1/2" 
Depth - 2-1/2" 
Helght - 5" 

The appended" pbot·ogrcpli; - Plate lfo. I, illustrates the detall:i of 

con~truction and affords an opportunity to COl!lpere the "Agastc.t" 

relay filth the type "PQ" relay. 

- , 

(b) The conte~te of the "Aeastat" relay are of silver and are of suf- ~,..1iµ­

ficient size to carry the rated current (6 amperes) without , · 

heating. This was determined fro!I the fact that no contact 

trouble was ex.pertenced during the test in which the load 

~lrcuit was broken 5,698 times. 

(c) The relay cese is of steel, as are also the mounting studs and 

I, - coil supports. The exterior of the case w~s ti~isbed with n 

. r I~ .. coating of baked crystalline lacquer. 'lbe interior of the case !_•••-- had no pt-otective coatlng and showed come signs of rust. 1'he 

, ~:f _ : :various parts of the llf'Sel!lbly are, in general, riveted together 
a 

• kj- which precludes the possibility of removing the relay coll for · 

~ :r- repair ':Ii thout considerable difficulty. 'lbe con tacts, ho•ever, 

· • can be removed readily for replacement. 

(d) 
, "' . 

The gas ch8.llber is of brass whlle the flexible membrane appears 

.. 
to be treated leather, or some special fabric closely resembling 

leather . The timing of the relay is not adjustable after it is _ 

received i'rom the manufacturer • 
~ 

. 
(e) No lock washers are used in the assembly of the relcy, nuts with 

fibre inserts being substituted therefor. Experience has indi­

cated that the fibre insert nuts may re.:nnin tight if the initial 

~djustment ls not disturbed, but if lt bec011es necessary to re-

.. move and replaee the nut, then the frlct~on between the nut and 

the screw is matcri&lly lessened and the nut will not rem.E..in 

tight under vibration. Hence, the flbre lnsert·nut ls not con­

sidered s satisfoctocy substitute for lock wnshers on conncctlon 

studs and other parts which mny require removal. 

-2-

-
I .a.-J, _ • ==::,.. • - ·-""-• IL 

'."IS .... • • 'It, - _, _ . j - • .. 1 .. _ .. ... .. ' .,. - -......- . .. ,. .. ... - . .. 

-. 



• "if>- l ....& .... 
-

:::a, ~ ... ~ 
"IIIIJ"~~- ~ 

circi :l t-::- u\u1:- tr.:. ... .... : In· Ple.te IL show in detull Ule 
mc&n~ .:.nci mcnhod.: u::cd 't,b ~ t.e<> t tbe- ;alnyf. The relays themf;el ves 

tind u portion of the t.n;o:::fa,; tea equipment we!·e pl'1ced in a thert10-

1-:te.tlcslly cont1:ollcc:i 6c.1:::inct. The lo~d clrc-..ilts, ma.gr.etlc counter 

wid ~ucb otJ-rnr portions of the equlpc1e."1t u nere not £:ct~lly under 

test 'i'lere mour.te<l outside of the teo;.pers.t1...re controlled cabinet. 

8. Table No. l, ~1ppemled r.c-:-cto, ls a record of the test 
of the '' f.gc.z tot" relo.:, . In thi ~ tez t a "PC/' rduy r.as used to break 

the coil drcult of the "Agi..stut" relay und u load circult was so 
connected as t.o cuu.:,e the contt..r.ts of the '1Agesu...t11 rclcy to break 

t-1.e full rated loe.d of 6 runperes, The tking feeture of the "PQ" 

rele.y wus not utilized. The tilr.ing wa.s checked accurately every 

thirty minutes by mec..n.s of u solenoid op~1·b.ted plunger in con-
j wwtlon with . ... stop \'ih~cil. Re.ferenoe to Table No. l shows thot 

the "Agcstr..t" relay functions satisfactorily between the ambient , ... , 
temperatures of 3° and 35° Centigrade. At 36° Centigrade, and ~~ 

above, the rela.J f ailed to cl.ke cont&r,t. This failure is attributed ""'• 
to the fo.ct that o.s the temperature ro:::e the expii.nsion of the gus 

increased to the point where the power of the solenoid plunger wae 

·,·'.insufficient to ca.use the cont&cts to close against the pressure 

of t.~e expi..nded gas. 

IU 9, A.similar test ws conducted with a General Electric 
type "P~" time deley relay, using the conwcts of a second "PQ" 

~ rel~y to brenk the coil circuit of the relay under test. The 

t timing · was set at 20 seconds and the contacts were caused to break 

the full r~ted load c~rent (5 runperes). The record of thls test 
·...,,, is shovm··1n;:-Te.ble No. 2 appended hereto. No contact trouble was 

t experienced; during i the test during which the contacts wore opened 

5447 times. It will be noted that the timing cycle gradually 
• lncre&sed to 27.2 seconds. Afte~ the completion of the test, the 
:"I" 
, "P~" relay v:ns ex.aznined in an e.ffort to determine the cause for tbe 

• It -

. 

increase in the timing cycle. A small quantity of lieht lubrloatlng 
oil was applied to the toggle Joints and to the plunger. After this 
treatment itN'as found~ that the tlming cycle returned to its 
original value of npproximct~ly 20 seconds, 

DA'IA RECORDED: 
-._ I 

, , .:;-:• 10. . 'l'.ho data recorded during tho test is o.pponded beroto 
1 as Tables No., l •and No. 2. Table No. 1 covera tho teat or tbe 

"Agartst" relny and tLe ambient tempernturo, the tlmin; cycle end 

• the number of breaks occurring at the rolny contacts are rocorded 
'· .. at thlrtr. minute intervals. ~Tablo No . 2 covers nimilQr d~ta with 

respect to tho .._type "PQ" relay. · 

DISCUSSION OF PROBABLE ERRORS IN RESULT51 

11. All pre.cticablo preoa12tionfl wero ta.ken to eliminate 
errors from tne result~ oft.he teat. The timing ~yole wu.a ohecked 
by means of an eloctrlcal.1,y oporoted plunger octuc.tlna a atop 
,vutch, 'lborciometoro, m10f!e oe.libro.tlorie had been ohoo.ked, nr• .. . 

-.3-
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w.:ed f or determlning the ambiont temper&ti.;.re . A m1.;.gnetlc counter 
\'It.~ 1;sed to record the number of break,.:; ::16.de by the r eluy conta-:: t s 
c.nd a.r. ur.cnrnte ammete:- vn,s .. wed to adjust the loc:..d broken by t he 
relay contacts. 1ilien i t,. wt.s ctis~overed that the "Agnstvt" relay 
cet:.sed f u.ndlon::..ng at 36° Centigrade, ieveral checks were m~de at 
this tempe:-ature in order to verify the result s . 

. . 
:l r.: 

- J'$r 
. ; !'~ • 

RSSTJLTS : 

12. The r esults of the test, lr.<llcate that the ''PQ" relay 
l s much I:Jore flexi ble ln lts npplication.; than tbe "/..gast a t" r elay. 
The tin:i ng of the "P~" rel ay i s adj u;t able wi thin wide lil:ii t s . It 
can be connected e i ther front or buck contact c:.nd can be r:mde t o 
work time del ay either wlt.h current on or off. Further, it can 
r eadily be disassembled f or cleaning Uld repair. 

13. The Labor a tory has no ir.formation with r espect to the 
cost of the 11.Agastf.i t " relay_, hence no comparison can be made on 
t hi s bads . 

11,. The puramount objection t o the "Agasta.t" relGy lies in 
the fact that &t t emper a t ur es in exce~s of 36° Centigrade the relay 
ceases t o fmcti on . Since tempera tures on board ::.:hlp very .fre­
quently exceed 36°, erpecir, lly in the confined spa.cc within a r adio 
t r bnsmltter , i t is £elt tha t this defect elone ls sufficient to 
pr event t he use of the ''Agas-u;tn :-clay for Ne.val use. 

15 . I f the membr o.ne t~sed in the "Agasta t" were punctured, · 
gai r.ould c~cape and make the relay inopernttve. In the cese of the 
"P~" design u pun~ture would cause only a temporary difablement since 
ther e ls no g~~ t o es cape and repairs may be e.ffected through the 
use of glue or ceI:Jent. 

16. A feature in fs.vor of the "Aga:::tat" construc tion i~ its 
smull size which would permit lts being mounted in more restricted 
loce tions tht.:.n in pof.s l ble •.vi th the "PC" relay. 

17. The "Agastut" relay is capable of only one speed of 
operation , that for which it is adjusted at the tL~e of manufacture . 
Furthermore, the "Agastat" functions only as a time delay closing 
relay. In comparison the "PQ11 rele.y v,hen fitted with a universal 
contact head i s capable of tlme delay opening, tir.ie delay closing, 
or for use a B c bus transfer switch. Wlth a flight modification 
to the contacting arm, two isolated circuits may be controlled 
s imultaneously. 

I • 

DISCUSSION: ..... 

18. It is believed that if the "Agastut" relay could be 
modified in such a man.~er as to permit it to oper~te successfully 
at temperatures of 50° Centigrade or higher, it could find~ ~seful 
application in the Naval Service . It should be pointed out that for 
certain types of operotion it may be desirable to provide a relay 
where the tlme cycle could not be re- adjusted or tampered with once 
the initial adjustment hus been fixed. For such types of eervice the 
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TF..ST REGO~OF . . CYCLE, TIME DELAY RELAY. 

'I: . ·1 
11 

t • ~ r-!~ • ~ -4 

- :-.: ; 
~-~ . t• ..... 

Tn.tH;G .! 20. SEC t.CTf BREAKrNG 6 AMPERJ<'.5 . 
- . J~ 

Time 

0900 
09.30 
1000 
1030 
1100 
1130 
1200 
1230 
1300 
1330 
1400 
1430 
1500 
1530 
1600 
1630 

Acbient Time 
Temper ature Cycl e 
Degrees C Seconcls 

(30 October 1933) 

... .. 
~ -~-· .. ,.. .. 

.,'■ .... I .: 

... 

....... ~-, ~. -- . 
~~~ !>• ... .. 

19.2 20.8 
8 . 2 20.4 
5.2 18.6 
4.0 19.3 
3,5 I 

I • 18.8 
3.2 - 19.0 
3.1 ~-- 19,5 
3 , 0 .J ·-i 18,9 -
3.2 18.6 
3.2 • ·1 .- . 19.0 
3-4 .. 19.6 
3.4 L 19.9 
3.5 19.8 
3,7 - .. 20.8 
J.7 "" I I -

20.6 
3.7 ~-"" .. 19.l 

{31 October 1933) 

6.8 
6.1 
4,9 
4.5 
4,2 
4.1 
4.1 
4,1 
8,4 

J_ ... 11.8 
15,7 
17,5 
18.0 
20.3 -
21.3 
22.2 

19.8 
20.1 
20.6 
20.6 
19.6 
20.6 
20,3 
21.3 
2.3,0 
24.8 
21.J. 
21.1 
22.0 
23.1 

r • 20. 9 
21.0 

Number 
of 

Breo.k~ 

0 
95 

18? 
301 
369 
464 
558 
657 
756 
864 
937 

1026 
1115 
1213 
1318 
1390 

1399 
U.87 

- 1571 
1660 
1749 
1845 
1941 
2036 
2111 
2146* 
2214 
2300 
2383 
21.61 
2544 
2621. 

• I 

-:s,_ ... 
• I".-- ~ ...,_ 
·- ~"':!:. ~--
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Time 

0930 
1000 
1030 
llOO 
ll30 
1200 
1230 
1300 
1330 
1400 
1430 
1500 
1530 
1600 
1630 

.. .· I _..,. ... 

Ambient 
Tempero.ture 
Degrees C 

(l 

26.0 
30,0 
31.1 
32.0 
32.2 
32.4 
33 .0 
3,3.4 
33.6 
34.0 
34.2 
34.7 
.34.5 
35. 2 
36,4 

--~'I.. ,r_ 

I,.;. -~-1 

I .,f·,~· .. -
. 

nt 'd) · 

_I!_-

Time 
Cycle 
Seconds 

November 1933) 

20.6 
21.2 
22,5 
22.8 
22,9 
22.0 
21.4 
20.6 
20.S 
21.l 
20.8 
21.3 
21.1 
21.6 

. '::;.ii\ . . . *Agastat r ri~ling to make regule.r contact. 
__. 

. •. t: · •. ..._ . · ~.. (2 November 1933) 

0930 
1000 

--. .- 1030 
1300 
1330 

··j..~i ii~ 
.) ,~ - . 

I ■ .•• 
~ - -r; 

.. 

1500 
1530 
1600 
1630 

... 

..- r 

-: 
I • 

I 
: .. _..., 

,. I 

26.J •- -27.0 ►◄- -

27.l 
31.5 
31.6 
)1. 5 
33.3 -...-L:,.-1 

~ 32, 9 - ._ -,. 
34.0 
33,5 
JJ.6 

I '1 - ... 
"Ill-~ ... 

.. ,e. 

.,. 

-, . , 

.. 

19,4 
19.4 
20.0 
19,7 
19.1 
20.3 
21.0 
21.6 
21.6 
21.9 
21,0 

-

NUt1ber 
of 
Breaks 

2712 
2796 
2881 
2960 
3052 
3120 
3202 
3286 
3373 
3463 
3546 
3648 
J717 
3799 
3826* 

3873 
3975 
4053 
4064 
4135 
4231 
43ll 
4408 
4494 
4567 
4659 

. $'.i ,. -·~ . ~ 
... -.... 

·} 
- I I 

-~ .. •'\.1,",.;, I --~ . -
~ 

-• l 
~.' . 

i ~ 
~ '-..... 

J -
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Time 

0900 
0930 
1000 
1030 
1100 
1130 
1200 
1230 
1300 
1330 
1400 
11.30 
1500 
1550 
1600 

. . 1630 

. .. 
.. 

. ◄ - -­....,... -I .~ _. 

. -- 1 ... 

.A.mbient 1 

Temperature 
Degrees C 

, I 

25.6 
3.3.2 
32.0 
33.6 
34,0 
34.5 
36.0 

Time 
Cycle 
Seconds 

(3 ~o.ember 1933) 

18.0 
19.8 
20.4 
20.8 
19.? 
19,9 
19.8 

-- . 
-- T 

Number 
of 
Breslca 

4663 
4749 
4836 
4934 
5017'fc-
5Q90H 
5140 

tj~ 
. I,. .;-• . -. 

. , 
' . 

_.III ii 

37.1 5207~ 
36.4 
35.6 20.3 
35.2 20.5 
35.5 20.5 
J6.2 20.1 
35,8 19.3 
37.0 
36.5 

'!be increase in the number of breaks between 
1600 and 1630 was due to openlng cabinet door 
and permitting relay to cool. 

ff 

iHHI-

# 
#fl 
II## 

P~ conte.cts sticking at times. 
Cleaned PQ contacts. 
Agastat failing to make regular 
5 breaks in 30 minutes. 
17 breaks in 30 minutes. 
40 breaks in 30 minutes • 

.. 
I I ... • " ,. • 

. .. 
::L 

;..... 
I r ... 

contact. 

5212# 
5302 
5383 
5465 
5555 
5641 
5658#/1 
5698### 

..... 
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I.E5'i' RBCORD AY. TIMING - 20 SECONDS. 

• . CON'fACTS Dru;:J;KiNG . 5 JJJFr..RU,." 

I • -

I~ J ., • 

Time 

~00 
1430 
1510 
1530 
1600 
1630 

. .. J: ~ ... -· .,.., 

: I 0940 

1r~~.; i~ 
:l.1 .. :•~ 1100 

1130 
1200 
12.30 
1300 
1330 
1400 
1430 
1500 
1530 
1600 
1630 

0930 
1000 
1030 
1100 
1130 
1200 
1230 
1,300 
13.30 
1400 
1440 
1500 
1530 
1600 
16.30 

.. Al!lbient Time Number ~ • • l.,.""~.~ . . Temperature Cycle of .,..;.:: ,-- . 
Degrees _C ________ S"""'e ..... c __ on=d=s _____ """Br-"-e"'"'e.k=s'---- , ~, 

...... 

. -. : -;--- . . .. - -.. ,_. - .. 

-
......... ,,__.,Lt~ .. 

1. - .... 
... •; .1, ... _ . ~ . -

J.,.t° .; I ~"' 

.. ~j ~• I 

• ~• r • 

... I • ~ 
• -• I • • 
• I • ,. r 

23,9 
30,0 
28.4 
28.2 
28.0 
28.0 

28.2 
29,0 
JO.O 
31.2 
32.0 
33.2 
33,0 
33,6 
.33,8 
34,0 
.35.6 
35.0 
36.0 
'3'1,3 
,38.0 

'fl .6 
38.0 
40.0 
40.5 
40.2 
42.0 
41.8 
42.3 
43,6 
44.6 
45.5 
46.0 
47,4 
49.2 
50.4 

(7 November 1933) 

20.0 
19.8 
20.2 
19.8 
20.0 
19.9 

(8 November 19.33) 

20.2 
20 • .3 
20.4 
20.6 

~ J- r 

1 ,,, .. 
.., ... 

l" ' 

.. ◄-' ... _ ,..: 
I~ 

--~- r ·~ 

20.5 
20.6 
20.6 
20 • .3 
20 .J,. 
20,4 
20.L 
20,5 
20.6 
20.6 
20.7 

(9 November 1933) 

19.9 
20.7 
20.5 
20.9 
21.2 

.... 

21.7 
21.9 
21.5 
22.2 
22.3 
22.8 
23.0 
22.9 
23.2 
2,3.6 

0 
90 

207 
277 
364 
449 

542 
616 
694 
800 
868 
956 

1044 
1131 
1222 
1308 

: 1402 
1490 
1573 
1666 
1749 

1749 
1850 
1926 
2016 
2101 
2189 
2271 
2359 
2436 
2518 
2622 
2674 
2750 
.28.'.35 
2903 

• ~L..... • ,, ...... 
'I =-

--. - . 
,' .. 

, I 

.:,-..-
....l....~-~------~ ---~;c'-'-'---_.,_ __ ~ "--c.-..-~=-----_,,...- ~ r~~ -~-----~•~-



I : 1. 
I -... 

'I 

; 

Time 

09.30 
1000 
l0JC 
1100 
1130 
1200 
1230 
1300 
1 330 
1400 
1430 
1500 
15·30 
1600 
1630 

0930 
1000 
1030 
1100 
ilJO 
1200 

1000 
1030 
1100 
1130 
1200 
1245 
1320 
1410 
1450 
1525 
1600 
1630 

I. 

. 1 ~ :. , .' 
~ 

~ I 
I - I• 11 

I. -

◄ .. • .,;. .. ■ ,.. 
.....-: ~-: 
.:.L"t,... ~ - ... 

·Amoi'ent - Time 
Cyclo 
Seconds 

Temperature 
.Degrees C 

20.0 
11.0 
7.8 
4. 4 
4. 2 
J.8 
3.4 
2.8 
2.7 
2.4 
2.2 
2.0 
2.0 
2.0 
2.0 

J.6 
8.2 

10.8 
13.2 
15.0 
16.0 

14.4 
15,6 
16.8 
18,0 
18.6 
19.8 
20.6 
21.6 
22.2 
22,6 
23.2 
24,0 

-•.. ,... 
. 

• • • LL 

(10 November l93J) 

21.5 
22.0 
21.8 
21.7 
21.9 
22.3 
22.2 
22.6 
22.9 
22.8 
22.9 
2.3.2 
23.4 
23.6 
24.1 

{11 November 1933) 

23.0 
23.3 
23.1 
23.3 
23.6 
24.1 

(13 November 1933) 

23.1 
2.4.0 
21,.8 
24.9 
25,2 
25.3 
26.0 
26,7 
27.l 
27,2 
27,l 
26.8' 

. ' 

Number 
of 
Brea.ks 

2906 
3005 
3078 
3165 
.3250 
3328 
341.3 
.3516 
3569 
3645 
3740 
3815 
3893 
3963 
4032 

4092 
4172 
42,Y/. 
4322 
4402 
41+60 

4543 
46.20 
4700 
4789 
4835 
4946 
5025 
5135 
523'1 
5314 
5386 
5447 

• I . 

.,. . 
' 

-._ l.;;:, 

j t;;f : 
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1196 
COMPARISON OF '~GJ'lSTAT" TYPE RELAY WITH "PQ_" TYPE RELAY 

PLAT£ I 



, I I (. 70-1 

A6J'ISTAT RELAY UNDER 7E.ST 
______ --'-r_.,- - - 7 T IM£ D ELAY 

: t: 110 v .-60~ 

A 
0-6 

l I 
L.: -- - :J 

c() 
.STOP­
WATCH 

®--
0-6 110 V. D.C. 

.BUZZER 

CIRCUIT USED IN TEST OF AGASTAT RELAY 

P . ~. RELAY UNDER TEST 

TIME DELAY OPEN 

--------=~~ - --07-'-----------------, 
I I 

1/0 V. D.C. I I 
I I 
t.: ___ '..J 

P.~. HELAY 
HO DELAY 

COUMTER 

c() 
.,TOP-W. 1/. 

C/RCI/IT U.SED IN TEST OF P. ~ R ELAY 

---ifl,1, 11 
I 

_ ___ :J 
BUHNElL 
RELAY 

BUZZER 

PLATE 2 
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T ... 
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I 
r, 
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