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AUTHORIZATLION:

s The test of the "Agastat” Time Delay Relay manufactured
by the American Gas Accumulator Company was authorized by the Bureau
of Engineering on 6 September 1933; letter file No. S67/24/L5(9-2-W8)
to the Director, Naval Research Laboratory, Bellewvue, D.C.

QOBJECT:
2 The object of the test was to determine:
(a) The suitebility of the "Agastat" relay for Naval use.

(b) The effects of temperature variations upon the operation
of the relay.

(¢c) The operational characteristics of the "Agastat" reley as
compared to devices of a simllar nature when subjected to at
least 5,000 breaks while carrylng full rated load.

(d) The mechanical suitability of the relay and what lmprovements
were decmed desirable or necessary.

s The performance of the materials under test may be
summarized as follows:

(a) The "Agastat" relay functioned satisfactorily over a range of
temperatures of 3° Centlgrade to approximately 35° Centigrade.
At temperatures in excess of 35° Centlgrade the relay ceased
to function.

(b) The General Electric Company Type "PQ" relay, when subjected
to the same operating conditions as the "Agastat" relay,
functioned successfully over a range of temperatures of 2°
Centigrade to 50.4° Centigrade.

(¢) Note: Due to the limitations of the refrigerating system used
in these tests a temperature of 0° Centigrade could not be obtalned.

4. In view of the test results it may be concluded that:

() The "Agastat" relay in the form in which it was submitted is
not suiteble for Naval use in locatlons where the ambient
temperature may exceed 35° Centigrade.

(b) The Type "PQ" relays, manufactured by the General Elcectric Company,
operate successfully et temperatures between the limits of 2°
Centigradé-and 50° Centigrade.

(¢) It may be assumed that both the "Agastat" and the "PQ" relays will
function sucsessfully at temperatures down to 0° Centigrade since
no signs of failure were detectable when operating at temperatures
of 2 or 3° Centigrade.




RECOMMENDATIONS

In view of the facts determined from this test it is recom-
mended that the Bureau withhold epproval of the "Agastat" relay for
use in Navel radio transmitting equipment.
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MATERIALS UNDER TEST:

5. The materials under test were & sample "Agastat"” time
delay relay menufactured by the American Gas Accumulator Company and
a type "PQ" relay manufactured by the General Electric Company.

METHOD OF TEST:

6. The "Agastst relay was subjected to & ecareful inspection
and the following facts were noted:

(2) The relsy is of rugged and compact construction and is of the
following cutside dimensions:

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

The appended photogroph, Plate No. I, illustrates the details of
construction and affords an opportunity to compare the "Agastet”
relay with the type "PQ" reley.

(b) The contacts of the MAgastat" relay are of silver and are of suf-
ficient size to carry the rated current (6 amperes) without
heating. This was determined from the fact that no contact
trouble was experienced during the test in which the load
eircuit was broken 5,698 times.

(e) The relsy cese is of steel, &s &re glso the mounting studs and
coil supports. The exterior of the case was finished with a
costing of baked crystalline lacquer. The interior of the case
had no protective coating and showed some signs of rust. The
various parts of the assembly are, in general, riveted together
which precludes the possibility of removing the relay coil for
repair without considerable difficulty. The contacts, however,
cen be removed readily for replacement.

(d) The gas chamber is of brass while 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 from the manufacturer.

(e) No lock washers are used in the assembly of the relay, nuts with
fibre inserts being substituted therefor. Experience has indi-
cated that the fibre insert nuts may remain tight if the initiel
adjustment ie not disturbed, but if it becomes necessary to re-
move and replace the nut, then the friction between the nut and
the screw is materislly lessened and the nut will not remain
tight under vibration. Hence, the fibre insert nut is not con-
sidered a satisfactory substitute for lock washers on connectlon
studs and other perts which may require removal.
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i The ecirecuits illustrated in Plate II show in detail the
means and methods used to test the relays. The relays themselves
and a portion of the asscciated equipment were placed in & thermo-
statically conbtrolled cabinet. The load circuits, magnetlc counter
end such other portions of the equipment &s were not actually under
test were mounted outside of the temperature controlled cabinet.

8. Table No. 1, appended hereto, is a record of the test
of the "Agastot” relay. In thic test a "PQ" relay was used to break
the coil circuit of the "Agastat" relay und & load circult was 8o
connected zs to cause the contacts of the "hgastat" relay to break
the full rated loed of & smperes. The timing feature of the "PQ"
relsy wuas not utilized. The timing wes checked accurately every
thirty minutes by means of a solenoid operated plunger in con-
junction with a stop watch. Reference to Taeble No. 1 shows that
the "Agestet" relay functions satisfactorily between the ambient
temperatures of 3° and 35° Centigrade. At 36° Centigrade, and
above, the relay failed to make contact. This fallure is attributed
to the fret that as the temperature rose the expansion of the gas
incressed to the point where the power of the solenoid plunger was
insufficient to ceuse the contacts to close against the pressure
of the expanded gas.

i 9, A similar test was conducted with & General Electrlc
type "PQ" time delay relay, using the contacts of a gecond "PQ"
reley to break the coil circuit of the relay under test. The
timing was set at 20 seconds and the contacts were caused to break
the full rated load current (5 emperes). The record of thls test

ig shown in Teble No. 2 appended hereto. No contact trouble was
experienced during the test during which the contacts were opened
5447 times. It will be noted that the timing cycle gradually
incressed to 27.2 seconds. After the completion of the test, the
"PQ" relay was examined in an effort to determine the cause for the
increese in the timing cycle. A small quantity of light lubricating
oil was applied to the toggle Joints and to the plunger. After this
treatment it was found that the timing cycle returned to its
original value of epproximately 20 seconds.

DATA RECORDED:

10. The date recorded during the test is appended hereto
as Tebles No. 1 and No. 2. Table No. 1 covers the test of the
"Agastat" relay and the amblent temperature, the timing cycle and
the number of breaks occurring at the relay contacts are recorded
at thirty minute intervals. Table No. 2 covers similar data with
respect to the type "PQ" relay.

DISCUSSION OF PROBABLE ERRORS IN RESULTS:
11.  All practicable precautions were taken to eliminate

errors from the results of the test. The timing cycle was checked
by means of an electrically operated plunger actuating & stop
watch. Thermometers, whose calibrations had been checked, were
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used for determining the ambient temperature. & megnetic counter
wue used to record the number of breaks mede by the relay contacts
end an accurate ammeter wus used to adjust the loed broken by the
relay contacts. When it was discovered that the "Agastet" relay
cecsed functloning at 36° Centigrade, severzl checks were made at
this temperature in order to wverify the results.

RESULTS:

12. The results of the test indicete that the "PQ" relay
is much more flexible in its applications than the "Agastat" relay.
The timing of the "PQ" relay is adjustable within wide limits. It
can be connected either front or back contact znd can be made to
work time delay either with current on or off. Further, it can
readily be disassembled for cleaning and repeir.

13. The Laboratory has no information with respect to the
cost of the "Agastat" reley, hence no compsarison can be made on
this basis.

14. The peramount objection to the "Agastat" reley lies in
the fact that st temperatures in excess of 36° Centigrade the relay
ceases to function. Oince temperatures on board chip very fre-
guently exceed 36°, especislly in the confired space within a radio
trenemitter, it is felt that this defect zlone is sufficient to
prevent the use of the "Agastst" rclsy for Naval use.

155 If the membrane used in the "Agastat" were punctured, -
gae would cscape and mszke the relay inoperative. In the case of the
"PQ" design & puncture would cause only & temporary disablement since
there is no gas to escape and repairs may be effected through the
use of glue or cement.

16. A feature in favor of the "Agastai" construction is its
emall size which would permit its being mounted in more restricted
locations then is possible with the "PQ" relay.

17. The "Agastut" relay is capsble of only one speed of
operation, that for which it is adjusted &t the time of manufacture.
Furthermore, the "Agastat" functions only as & time delay closing
relay. In comparison the "PQ" reley when fitted with a universal
contact head is capable of time deley opening, time delay closing,
or for use as & bus transfer switch. With a2 slight modifiecation
to the contacting arm, two isolzted circuits may be controlled
simul taneously.

DISCUSSION:

18. It is believed that if the "Agastut" relay could be
modified in such a manner &s to permit it to operate successfully
at temperatures of 50° Centigrade or higher, it could find & useful
application in the Naval Service. It should be pointed out that for
certein types of operation it mey be desirzble to provide & relay
vhere the time cycle could not be re-adjusted or tampered with once
the initial adjustment has been fixed. For such types of service the
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N, Eng. 70-1

TABLE NO. 1

TEST RECORD OF "AGASTAT", 110 VOLT, 60 CYCLE, TIME DELAY RELAY.
TIMING - 20 SECONDGS, CONTACTS BREAKING 6 AMPERFE.

! Ambient Time Nunmber
i Temperature Cycle of
i Time Degrees C Seconds Breaks

(30 October 1933)

0900 19.2 20.8 0
0930 8.2 20.4 95
1000 5.2 18.6 187
1030 4.0 19.3 301
1100 3.5 18.8 369
1130 3.2 19.0 464
1200 3.1 19.5 558
1230 3.0 18.9 657
1300 3.2 18.6 756
1330 3.2 19.0 864
1400 3.4 19.6 937
1430 3.4 19.9 1026
1500 3.5 19.8 1115
1530 3.7 20.8 1213
1600 3.7 20.6 1318
1630 3.7 19.1 1390
(31 October 1933)
0900 6.8 19.8 1399
0930 6.1 20.1 1287
1000 4.9 20.6 1571
; 1030 4.5 20.6 1660
. 1100 4.2 19.6 1749
1130 &3 20.6 1845
1200 %3 20.3 1941
1230 4.1 21:3 2036
1300 8.4 23.0 2111
1330 11.8 2..8 2146%
1400 15.7 21.2 2212
1430 17.5 21.1 2300
1500 18.0 22,0 2383
1530 20.3 23.1 2,61
1600 2.3 20.9 2544,
1630 22.2 21.0 2624

#Cleaned "PQ" relay contacts.
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TABLE NO. 1 (cont'd)

Ambient Time Number
Temperature Cycle of
Time Degrees C Secondg Breaks

(1 November 1933)

0930 26.0 . 2Bk 2712
1000 30.0 21,2 2796
1030 37,11 22.5 2881
1100 - 32.0 22.8 2960
; 1130 32.2 22.9 3052
; 1200 32,4 22.0 3120
' 1230 33.0 ) A 3202
1300 33.4 20.6 3286
1330 33.6 20.5 3373
1400 3.0 21.3 3463
1230 9.2 20.8 3546
1500 34.7 21.3 3648
1530 34.5 21.1 3717
1600 35.2 21.6 3799
1630 36.. 3826%
#*Agastat failing to make reguler contact.
(2 November 1933)
09320 26.3 19.4 3873
1000 27.0 19.4 3975
1030 27.1 20.0 4053
1300 31.5 19.7 406/,
1330 3.6 19.1 4135
1400 31.5 20.3 4231
1230 33.3 21.0 4311
1500 32.9 21.6 44,08
1530 34.0 21.6 44,94
1600 33.5 21.9 4567
1630 33.6 21.0 4659
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TABLE NO. 1 (cont'd)

Amblent Time Number

Temperature Cycle of
Time Degrees C Seconds Bresks

(3 November 1933)

0900 25.6 18.0 4663
0930 33.2 19.8 4749
1000 32.0 20.4 4836
1030 33.6 20.8 4934
1100 34.0 19.7 5017%
1130 3445 19.9 5090%*
1200 36.0 19.8 5140
1230 I7.x 5207%%%
1300 36.4 5212¢
1330 35.6 20.3 5302
1400 35.2 20.5 5383
1430 35.5 20.5 5465
1500 36.2 20.1 5555
1550 35.8 19.3 5641
1600 37.0 56587 #
1630 36.5 5698 ###

The increase in the number of breaks between
1600 and 1630 was due to opening cabinet door
and permitting relay to cool.

# PG contects sticking a2t times.

*3# Cleaned PQ contscts.

w3t Agastet failing to make regular contact.
# 5 bresks in 30 minutes.

## 17 bresks in 30 minutes.

### 10 breaks in 30 minutes.
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TABLE NO. 2

TEST RECORD OF TYPE "PQ" TIME DELAY RELAY. TIMING - 20 SECONDS.
CONTACTS BREAKING 5 AMPERES.

. Ambient Time Number !
i Temperature Cycle of ‘
Time Degrees C Seconds Brecks

(7 November 1933)

100 23.9 20.0 0

1430 30.0 19.8 20

1510 28.4 20.2 207 |

1530 28.2 19.8 277 ! .
| 1600 28.0 20.0 364 1
i 1630 28.0 15.9 449 ; ]
' (8 November 1933) !
‘ 0920 28.2 20.2 542 |

1000 29.0 20.3 616
| 1030 30.0 20.4 €94
| 1100 A2 20.6 800 |
: 1130 32.0 20.5 868 ?

1200 33.2 20.6 956

1230 33.0 20.6 1044, |

1300 33.6 20.3 1131 |

1330 33.8 20.4 1222 '

1400 3.0 20.4 1308

1430 35.6 20.2 1402

1500 35.0 20.5 1490

1530 36.0 20.6 1573

1600 S 20.6 1666

1630 38.0 20.7 1749

(9 November 1933)

0930 37.6 19.9 1749 |

1000 38.0 20.7 1850 '

1030 £0.0 20.5 1926

1100 40.5 20.9 2016

1130 £0.2 21.2 2101

1200 42,0 i 2189

1230 41.8 21.9 2277

1300 42.3 a.5 2359

1330 43.6 22.2 2436 i

1400 42,6 22.3 2518 |

1420 45.5 22.8 2622 |

1500 46.0 23.0 2674 |

1530 47.4 22.9 2750 |

1600 49.2 23.2 2835 q

1630 50.4 23.6 2903 |
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TABLE NO. 2 (cont'd)

Ambient Time Number
Temperature Cycle of
Time Degrees C Seconds Breaks

! (10 November 1933)

0930 20.0 21.5 2906
1000 11.0 22.0 3005
1030 7.8 21.8 3078
1100 Lok 21.9 3165
1130 L2 21.9 3250
1200 3.8 22.3 3328
1230 3.4 28,2 3413
1300 2.8 22.6 3516
1330 2.7 22.9 3569
1400 2.4 22.8 3645
! 1430 2:2 22.9 3740
| 1500 2.0 23.2 3815
. 1530 2.0 23.4 3893
. 1600 2.0 23.6 3963
' 1630 2.0 22.1 4032
(11 November 1933)
0930 3.6 23.0 4092
1000 8.2 23.3 4172
1030 10.8 23.1 4237
1100 13.2 23.3 4322
1130 15.0 23.6 44,02
1200 16.0 - 44,60
(13 November 1933)
1000 14.4 23.1 4543
1030 15.6 24.0 4620
1100 16.8 2.8 4700
1130 18.0 24.9 4789
1200 18,6 25.2 4835
1245 19.8 25.3 4946
1320 20.6 26.0 5028
1410 21.6 26.7 5135
1450 22.2 1 5237
1525 22.6 27.2 5314
1600 23.2 %4 5386
1630 24.0 26.8 5447
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COMPARISON OF "AGASTAT" TYPE RELAY WITH “PQ" TYPE RELAY
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