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The Type 1001 and 1317 regulators are fitted with 2z bi-metal
against which the main spring of the regulator abuts. As the opera-
 $ing temperature of the regulator varies, the angle of the concave abut-

& ont surface of the bi-metal ring changes, which causes the characteristics
o7 the spring and magnetic circuit to change. The design of this bi-metal
" Ling should be such that a constant output voltage is maintained under

the verying temperatures encountered during operation. dowever, as prev-

" jously stated, the compensation provided in the Type 1001 and 1317 regv-

§ 1ators is unsatisfactory.

Be. The work done thus far has not included a thorough investigation
nto the complete characteristics of these regulators. It has been under-
sken with the object of obtaining an immediate improvement in the temper-
ture characteristics of the Type 1317 unit, which will lend itself to the
jeld conversion of regulators now in service.

ONDITIONS OF OPERATION

. All of the information and observed dats presented in this re-

ort were obtained when using an Eclipse Type 1317 regulator, Serial #Y-323,
nich is one of the units tested in reference (b). Since it was estab-
ished in reference (b) that the use of the mechanical stabilizer had no
porecisble effect upon the temperature characteristics of the regulator,

t was not employed in this study. This regulator was used to control an
clipse NEA-5 generator, Type (1097-3-C), Serial #1424, operating with.a 9
jcrofarads series compensation. The D.C. voltage was meintained at approx-
mately 27,5 volts and no D.C. load was applied.

. The temperature characteristic of this regulator was improved

v replacing the bi-metal abutment ring and its aluminum backing ring

with an aluminum sbutment ring having the same working angle, at an am-
ient temperature of 25 + 5 degrees Centigrade as the original bi-metal,
nd a thickness equal to the combined thicknesses of the bi-metal and its
acking ring. The aluminum ring used in this study was taken from an
clipse Type 1042 D.C. carbon pile regulator and required no modification.
he dimensions of the ring used are: :

tside Diameter - - - ~ 2,195 inches
Inside Diameter - « -~ - 1.370 inches
Thickness at Outer Edge 0.193 inches :
ingle of Abutment Face - 4 degrees (approximetely).

EFFECT OF AMBIENT AIR TEMPERATURE

£ 7. In order to form a comparison between the cperation of the regu-

" lator as it was received and after it had been modified, regulation runs

| Were made at ambient temperatures of -50, 425 and +70 degrees Centigrade,
both before and after the regulator warmed up. The runs made prior to

| the warm-up (all data for three speeds taken as quickly as possible after

i start of operation), are referred to as "cold" runs, while those made after
' the 30 minute warm-up period (pile dissipating approximately 30 watts) are
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z1led "hot" runs. The results obtained when the regulator was operated
efore modification compare quite well with those reported in reference (b)
| for similar operating conditions. The results of these studies are pre-

E cented in Table I, and the minimum and maximum valuss observed are en-

s

~ gircled.

& 10, The improvement in temperature compensation which resulted from

¢ the substitution of a plain aluminum abutment ring in place of the standard
b pi-metal ring, can be seen by referring to Table I. By this expedient,

§ the maximum spread in regulated voltage over the temperature and regulating
| range was reduced from 26 volts to 7.8 volts. The maximum value of regu-
lated voltage also was reduced from 20.6 to 3.5 volts above the value ob-

" tained at an ambient temperature of 425 degrees Centigrade, with the gen-

¥ erator running at 6000 r.p.m., full load, regulator and generator hot,

! EFTECT OF REGULATOR WARILUP

8] . Another comparison of the temperature characteristics of the
original and the modified regulator was made by placing the regulator in
an ambient temperature of -55 degrees Centigrade for three and one-half

& hours. The unit was then placed in an ambient temperature of 425 x5 de-

b grees Centigrade, and immediately made to control the NEA-5 gencrator

I operating at such speed and load (6000 r.p.m. and 4.9 amperes load) to

¢ mke the pile dissipate 30 25 watts., Readings of regulated voltage were

¢ taken until the voltage stabilized. The load was not shocked, These data
. are presented in Table II,

12, The results obtained when the regulator was operated vnder the

¢ extreme and normally unencountered temperature conditions deseribed in

\ paragraph 11, further demonstrate the improvement resulting from the use

of the aluminum ring., In this study, the maximum value of regulated volt-
age was reduced from 29.1 to 8.3 volts above the value at which the voltage
¢ stabilized at the termination of the run. Under these conditions, the bi=-
f metal ring allowed the voltage to drop slowly from the high initial wvalue

p until it reached a stable value after the regulator becBme hot. When the

& 2luminum ring was used, the regulated voltage dropped very rapidly from

§ the initial value, and after approximately two minutes of operation, it

8 bad returned to the value at which the voltage finally stabilized. However,
b the voltage continued to drop during the first 10 minutes of operation,

§ Teaching a low value 6 volts below the finmal voltage, after which the volt-
‘age again rose, This slight drop in voltage is obviously more desirable

. than the present condition of operating the equipment at high voltages for
b an extended period of tinme,

& 13, A comparison of the maximum values of voltage listed in Tables
- L and IT will reveal that the voltages in Table II are approximately 10
| Volts higher than those in Table I for operation at =50 and -55 degrees
b Centigrade, The following reasons account for this: i

(a) Prior to the runs presented in Table II, the stabilized
. Voltage (hot) was set about 5 volts higher than the value used in the




s of Table I.

3 (b) The generator speed, atv which the initial voltage peak was
§ observed, was highaer in the runs of Table II than in those of Table I.
| py the time the 6000 r.p.m. regulation run of Table I was made, the regu-

B 1.tor had been operating for about two minutes, hence the unit had warmed

. uwp resulting in a lower voltage,
| CONCLUSIONS

e . The temperature compensation of the Eclipse Type 1317 A.C., car-

" bon pile voltage regulator was improved by replacing the bi-metal abutment

\ ring with an aluminum ring having the same dimensions. The following

- characteristics were observed during the initial warm~up period of the
regulator as a result of this modification: )

4 (a) The overall variation of voltage due to changes in regulator
" temperature, generator load and speed was substantially reduced.

4 (b) The regulated voltage remained at the initial high value for
I 2 considerably shorter period of time.

7. (¢) During the first ten minutes of operation, the voltage drop-
. ped to a value slightly below that at which it finally stabilized when the
¢ regulator became hot, after which it again increased to the terminal value.
| RECOMMENDATIONS

i 15, It is recommended that all Eclipse Type 1317 A.C. carbon pile

§ voltage regulators now in service be modified as described in paragraph

§ 8 of this report.

I REFERENCES

P 16, (a) Buller 1tr Aer-E-3121 SHH, F36-1(1), dated 5 June 1945.

(b) MRL 1tr to Buler R-F42-1/21(759-2:JPB), R-759-5/45(1b), .
dated 20 July 1945.

(c¢) Buler Spec. for airborne regulators NavAer M-515,
dated 1 June 1945. -
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TABLE 1

REGULATION RUNS AT VARIOUS aMBIENT TEMPERATURES

BI-METAL RING g ALUMTNUY RING
COLD HoT | COLD EOT
{
Fo | Full No Futl ol e | Fpil No Full
i

el aie ) il aasa i ionn | dead ] L 36ea 1 1548

(37.3¢| 133.8 | 129.7 | 127.1 {{118.8)! 136.2 | 115,31 | 113.7

134.3 | 132,0 | 129,1 | 127.4 j{ 117.8 | 115,8 | 115.2 | 114.2

132.0 | 328.8 | 120.1 ] 226.0 i1 116.0 | 114,21 | 136,0 | 113.8

120,0 | 119.2 | 117.8/1 115.9 11312.8 | 111;8 | 115:3 | 1140 |
120.6 | 119.8 | 1i8.3 | 115.7 {1'113.2 | 112.8 | 135.8 | 115.,2 j
121.3 | 138.3 | 139.2 | 115.8 | 114.0 | 112,8 | 116,28 | 115.2

Bl a0 13kt titieg2 Haaa e 1A Oy | ads.7 11 113.7

196:1 1 913,21 035,31 312.850 1109 | 112,37 1 116,1 | 114.81

115.8 1 210,01 116.1 $ 1130 113,61 112,3 | 116.7 1 114,61
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TABLE T

RBEGULATED VOLTAGE AS 4 FUXCTION OF OPERATING TINE

Conditions: Regulator was placed in an ambient tem-
perature of ~55 degrees Centigrade for
three and one-nalf hours. The unit was
then placed in an ambient temperature
of 425 15 degrees Centigrade and immed-
iately made to control the KEA-5 gener-
ator at such speed and load to make the
pile dissipate 30 %5 watts.

Time Gen. Load i REGULATED VOLTS !
Minutes Speed Current Bi-letal I Aluminumg
0 6000 o 149.0 128,.8
0 4.9 A, 145.4 1282
2 i i 4320 120.8
5 128.3 1172
] 125.9 115.5
i0 123.8 114.5
15 122.8 115.0
20 : 122.1 115:9
30 ' 120.8 117.4
yAQ) i 120,5 118.7
50 i 320.1 339.%
60 120,0 120,.2
70 ' 119.9 120.5
80 S i 119.9 12055
ACOITIEM
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. \UTHORIZATION
iilo The studies covered in this report wers initiated by reference (a).
¢ DEFINITIONS

E -, In order to clarify the informaticn presented below, it is felt
. that the following definitions are in order:

: . (a) Temperature compensation, as the term is applied to air-

. craft voltage regulators, is the means employed to counteract the effect
. of variations in regulator temperature upon the voltage setting and reg-
" plation characlteristics of these units., The regulator temperature is.

. dependent upon the ambient air temperature, the degree of forced cooling
" (air blast, etc.), and the power dissipated by the carbon pile, operating
' coils, resistors, and rectifiers as functions of operating time,

(b) Temperature characteristic, as the term is applied to air-
. craft voltage regulators, is that property which allows a variation in

" the voltage setting and the regulation characteristics of the regulators
. when their temperatures change. The optimum temperature characteristic
. exists when the performance of the regulators is not affected by changes
I in regulator temperature,

| INTRODUCTION

E 3. The poor temperature compensation of the subject Eclipse Type

. 1001 and 1317 A.C. carbon pile voltage regulators has been a source of

\ complaint from various field groups and the reason for the failure of

. these regulators to pass the test specifications of reference (c). One
such failure is adequately illustrated by reference (b). The high values
of voltage obtained during the initial warm-up period of these regulators,
especially when operating at low ambient temperatures, are undesireble

. in that damage may result to various electronic equipments which are not

. designed for these high voltages.

A An examination of the construction and operating principles
of these regulators indicates that the following are the sources of this
voltage variations:

(a) Exvansion and contraction of the regulator housing and
other component parts.

(b) The changes in the resistances of the fixed resistors and
the regulating coil.

(c) The change in the characteristics of the dry disc rectifier,
the carbon pile resistance element, and the spring.

(d) The change in the permeability of the iron in the magnetic
circuit,

T S T

N T R MR




