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AUTHORIZATION FOR TEST

1s This problem was authorized by reference (a), and other
additional references pertinent to this problem are listed as references

(b) to (e), inclusive. |

Reference: (a) BuBng. ltr. 563-1/L5 (7-21-Ds) of 4 August 1939.

(b) Specifications SGS(65)-42a of 15 February 1937.

(¢) Henschel Corporation Drawings 15-021 of 11 September
1939, 15-022 of 13 September 1939, and 15023 of
8 September 1939, all

(d) Henschel Corporation 1ltr. of 18 September 1939 to
NRL, cc tc BuEng.

(e) BuBng. ltr. $63-1/L5 (4-3-Ds) of 15 April 1939 to
Bendix Aviation Corporation.

OBJECT OF TEST

2. The object of this test was to determine the conformity of
the sample transmitter-generators and indicator-motors with the specifica-
tions, reference (b), and their suitability for Naval use in electrical
telegraphs and indicating equioment. ‘

ABSTRACT OF TEST

3. The sample transmitier-generators and indicator-motors we:lre
set up in suitable circuits and tested for compliance with the specifiega-
tions regarding accuracy, torque .radient, and oscillation. The supply re-
quirements for several typical circuits were then determined and the equip-
ment was placed under the specified 500-hour ehdurance test.

Lo Following the endurance test, the samples were again testf.eti for
accuracy and a representative sample of each type was subjected to shock and
vibration. All were disassembled and examined and then subjected to a di-

electric test.



Conclusions |
‘[“‘mg "E n Lotor |

(s) After being given a slight allowance for errors in zero sett:iir%a@.,
all but one of the six type "M" motors observed complied with the specifica-
tions for accuracy before and after the endurence test. Following the en—
durance test, all of the motors complied, |

(b) All six motors tested for torque gradient and maximum torque were
satisfactory., |

(¢) The oscillation period was satisfactory when using a pointer ':E#.ﬂv-
nished by the manufacturer.

(d) There were dielectric breakdowns in four of the twenty type nym
motors submitted. One of these occurred in a rotor, another in a field,
and two at the points where the leads extend from the field windings to the

terminals,

|
(e) The temperature rises of the windings are considered satisfactory.
In comnection with this, the several erratic values given for the roter
windings (Tables 12 and 13) were considered errors introduced by changes
in brush resistance, and disregarded. [
|
(f) All other test results were satisfactory. A
1) B
(g) The motors check with manufacturer's drawing 15-023, except that
they do not include the proposed modification to the device for adjusﬁnsﬂig
end play. |

(h) The shaft diameter is 043125 instead of 0%250 as required by ‘the
specifications. '

Type "N" Motor il

(i) ‘The torque gradient is less than the specification value but
sbove the minimum established by reference (e).

(5) The shell diameter exceeds the allowable value by O%080.
(k) The field leads do not connect to the terminal block.

(1) The rotor and stator are wound with enameled instead of double
silk enameled wire as required. '

(m) Under the dielectric test, a breakdown occurred between the rotor
winding and ground. -

(n) All other test results were satisfactory except that maximum
secondary potentials of 107-108 volts werc measured. Drawing 15-023 @Ares
a value of 90 volts.

~ la - i
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(0) The two type "A" generators were satisfactory when tested in
conjunction with the type "M" motors. However, oné rotor broke down |
under the dielectric test. The shafts of these generators are the same
size as thase of a type "M" motor.

g B! Ce r

(p) The type "B" generator was satisfactory when tested in conjume-
tion with the type "M" motors. This generater proved capable of posi-
tioning twenty type "M" motors and, except for its smaller physical dimen-
sions, would meet the requirements for a type "C" generator, i

Sawer |
(g) The damping devices of all types of motors tested were gummy when
examined following the endurance test. The lubricant in the bearing s

of the motors and generators was badly deteriorated and hardened as a sult
of this test. None of the bearings are dusiproof as required by :

graph E-3e, The stator windings of the types "A," "M," and "B" are wuhd
with single silk enameled instead of double silk e ameled wire as recm:treﬂ

in sub-paragraph E-3h, |

- 1b =



Recommendations

(a) It is recommended that the type "A" generator and type "M motor
be approved subject to the use of double silk enameled wire, improvement
in the insulation to prevent dielectric breakdowns at 1500 volts, a.cs,

60 cycles, and the use of a lubricant which will not deteriorate under test
conditions. The Bureau's attention is invited to the increased shaft di-
ameter which allows the use of a keyway and a tapped hole without greatly
weakening the shaft.

(b) The type "B" generator is recommended for approval subject to the
use of double silk enameled wire and the use of a lubricant which will not
deteriorate under test conditions. It is also recommended that if the|
smaller physical dimensions are acceptable, the type "B" be appreved as a
type "C" generator. '

(¢) It is recommended that the type "N" motor be not approved in view
of its several deficiencies as noted under "Conclusions." It is suggested
that the manufacturer be required to submit six samples for any future tests
in order that the results may be more nearly representative of the design.

(d) It is recommended that, s it appears that dustproof bearings are
impractical for this type of equipment, the requirement be waived. 1

- lec -



DESCRIPTIQN OF MATERTAL UNDER TEST

Se The following material was submitied for test.

2 Type "A" transmitter-generators - Drawing 15-021
2 Type "B" transmitter-generators - Drawing 15-022
20 Type "M" indicator-motors - Drawing 15-021

1 Type "N" indicator-motor - Drawing 15-023

6. Plates 1 and 2 show 2 type "B" transmitter-generator, a
type "M" indicator-motor, and a type "N" indicator-motor, The type MA"
transmitter-generator and the type "E" indicator-motor are identigal ex-
cept that no damping mechanism is provided for the transmitter-generator.
In the remainder of this report, the shorter terms "motor" and "generator"

are used,

Ta Plate 1 also shows one of the indexing plates furnished with
the generators and one of the dials and reference line devices used during
the tests. The reference line device consisted of two parallel threads
separated by about one-quarter of an inch to enable an observer to sight
across them and minimize parallax.

B A1l of the samples submitted are of the stationary field type.
The temminals Ry, Rp, and R3 connect to the rotor windings through slip
rings and brushes. The terminals for all external connections are on the
insulating blocks which support the brushes, except in the case of the
type "N" motor which has the field leads ‘51, S5) extending directly from
the winding.

9. Each rotor is mounted on ball beaxings which are removable
with the rotor, after the brush assembliesg and the front end bell are re-
moved. In the samples submitted, the roter end play may be adjusted by a
threaded insert in the front end bell, Hgwever, according to drawings,
reference (c), and information received from the manufacturer under ref-
erence (d), it is proposed to replace the threaded insert with brass shims
of sufficient number to properly limit the end play.

10, Further details of construction and design are given by drewings,

reference (c), and photographs, Plates 1 and 2. Plate 1 also shows the
pointers furnished for use during the oscillztion test.

METHOD OF TEST

B 7 A type "A" generator and six type M" motors were each set to
electrical zero before being inter-connected for accuracy tests, This
reference point was determined with the aid of an escillograph. The gen-
erator index plate was then adjusted to the zero mark and the motor dials
were similarly adjusted, It was found that by means of an illuminated
magnifier, errors could be estimated to one-tenth degree.

12. The circuit was then energized from a source that could be
maintained at 115 volts-60 cycles, 103.5 volis—65 cycles, or 1.5 volts—
55 cycles. The system was tested for accuracy at each of these combina-
tiona of vovltage and frequency by rotating the generator 360 degrees cw

-



and ccw in 3-degree steps and recording the errors in motor indications.
The results are given as Table 1 and Plates 3 to 8, inclusive.

134 The torque test was then conducted in the manner described by
the specifications, In addition, the maximum torque of each of the six
motors was determined., The results erg given as Table 7. .

14. The oscillation characteristics of the motors were ascertained
by tests conducted in the manner described by the specifications, but using
an oscillographic method of timing, Only one motor was connected to the
generator at one time in accordance with instructions received from Bureau
of Engineering personnel. The pointer used during this test is shown in
photograph, Plate 1, and was furnished by the manufacturer. The results
of the test, made with motor shafts horizontal, are given by Table 11.

15. Information from the manufacturer indicated that the type "B"
generator would be more than able to pesition twelve type "M" motors as
required, At the request of the manufacturer, the type "B" generator was
tested in connection with twenty motors to demonstrate its ability to meet
an anticipated service application and to exceed the requirements for a
type "C" generator. The type "C" is defined as a generator capable of
positioning eighteen type "M" motors.

16, The type "B" generator was therefore connected to twenty type
"M" motors and, to shorten the test, the errors of only two were recorded.
These motors had been used under the test described in paragraph 12 and
were consequently of known accuracy., The tests were otherwise similar to
those described in paragraph 12 and the results are given in Table 2 and
Plates 9 and 10. As these results were generally satisfactory, it was
decided that no test with a2 smaller number of motors was desirable,

17. The torque tests were then conducted using the type "B" gen-
erator and six type "M" motors. The maximum torgque was also measured.
Table 8 gives the results of these tests.

18, Using the type "B" generator, the oscillation characteristics
of six type "M" motors were determined in the manner outlined in paragraph

14. The results are given by Table 1l.

19. Two type "B" generctors were then inter-comnected and their
torque characteristics determined. The results are given as Table 9,

20. The one sample type "AE" motor submitted was connected to a
type "A" generator and tested for accuracy, torque, and oscillation char-
acteristics in the manner outlined for the other types of motors, The
results of the accuracy tests zre given as Table 3 and Plate 1l1l. The
results of the torgue tests are civen as Table 10 and the oscillation

values are given by Table 11,

21, The several types of generators and motors were connected in
typical indicating circuits and their supply requirements measured, These
values are given by Table 16, The meximum induced voltages were also
measured with & vacuum tube voltmeter. These values are given under test
results,

.



22, The equipment was then subjected to an endurance test during
which the motors and generators were placed in a compartment having an
ambient temperature of 65 degrees centigrade, The generators were rotated
for 500 hours at 100 r.p.m., the direction of rotation being reversed every
24 hours.

23, As only twenty type "M" motors were availsble, the test was
started with fourteen motors connected to the type "B" generator and six
connected to & type "A" generator. Later, all twenty motors were shifted
to the type "B" generator. The type "N" motor was contimiously conneeted

to a type "A" genarator.

2L, Temperature rises of the windings were determined from resist-
ance measurements made during the endurance test,

25, Following this, the equipment was again tested for accuracy
at a supply of 115 volts, 60 cycles. The results are given in Tables 4,
5, and 6, and Plates 12 to 20, both inclusive,

26, A type "B" generator, a type "M" motor, and a type "N" motor
were then subjected to the required shock and vibration tests while inter-
conndected and energiged. Following this, they were checked at rated
voltage and frequency to determine whether any injury had developed.

27 A11 gemerators and motors were then disassembled and examined.
After reassembly, they were tested for insulation resistance with a 1000
volt "megger" and subjected for one minute to a potentizal of 1500 voltis,
60 eycles aspplied between all windings and the case.

28, An examination to determine campliance with the specifications
in the matter of materisls, design, dimensidns, and workmanship, caencluded
the test,

EESULTS OF TEST

29, The following test results were obtained when the sample motors
were tested in the manner outlined by the specifications. More complete
data are given by the appended tebles and curves.

30, The summary of the accuracy test, Table 15, shows that two of
the six type "M" motors tested in comnmection with 2 type MA" generator had
errors slightly in excess of the one degree &llowed, One of these would
have complied had the zero reference point been ghifted to the center of
error, There sppears to be no significant change in error under the several
test combinations of supply voltages and frequepcies. Following the endur-
ance test, the errors of 21l of these six mgtors were within one degree.

31, Table 15 also gives a summary of the results of an accuracy iest
conducted with 2 type "B" generator conpected to twenty type "M" motors.
The two motors observed had smaller errors then when they were used on the
previous test. One was within the ome degree tolerance; the other could
have been brought within it by shifting the reference point. There appears

v



to be no significant change in error as a result of the supply voltage
and frequency variations used. Following the endurance test, the errors

of both motors were less.

32. The type "N" motor complied with the accuracy requirements
before the endurance test when positioned by a type "A" generator. The
specified voltage and frequency variations had no apparent effect on its
accuracy. Following the endurarice test, the errors were greater but
complied with the one degree tolerance of the specifications.

33. As shown by Teble 7, the type VM" motors have torque character—
isties which comply with the specificatien requirements of 0,25 inch-ounce
per degree for the first 10 degrees displacement and 15 inch-ounces for

maximum forque.

34 Tables 8 and 9 give additional torque values not required by
the spegifications. Maximum torque values for all types were obtained at

about 95 degrees displacementi

35. When positioned by 2 type "A" generator, the torque gradient
of the type "NV motor exéeeded the minimum value of 0.05 inch-ounce
established by reference (e)i The maximum torque value complied with the
specified minimum of 4.0 inch-ounces. Table 10 gives further details.

36. Undar the oscillation test, the pointers on all types of motors
came to rest within the 3 seconds specified. As shown by Table 11, varying
values were obtainad after the endurance test, These values were smaller
and show that sgme change had teken place in the action of the damping
mechanism as a result of the endurance test.

37 The results of the temperature rise tests, given by Tables 12,
13, #nd 14, are satisfactory except in three cases. Two of the high temper-
atures given for seecondary windings are believed to be errors arising frem
changes in brush resistance during the tests and should be disregarded.

38. The following gives the maximum voltages induced in the secondary
windings of each type as measured with a vacwum tube volimster.
- Winding
Type Ry-Rp Rz-Ra RE-RJ
A 90.5 90.Q 90.5
B 91.0 91.0 91,0
N 108,0 108.0 107.0
39. The samples subjected to the shock and vibration tests showed

no additional error. The slip rings of the type "N" showed some burning
as a result of the lifting of the brushes during the shock or vibratien

tects.,

40, During the 1500 volt dielectric strength test, failures occurred
between the ground and armature of number 6 and between the ground and field
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of mumbers 2, 3, and 11 type "k motors, The failures of numbers 2 and 3
were due to breakdown of the lead wires where they extend from the case
to reach the terminal block.

FA The amatures of a tyve "A" generator and the type "N" motor
also broke down. All other samples withstood the dielectric test and had

satisfactory insulation resistance.

42 Except for the method of adjusting rotor end play, described
in paragraph 9, the samples check with the drawings, reference (c). How-
ever, the shaft diameter of the types "A" and "M" is 043125 instead of
0Y25 as required by reference (b). The shell diameter of the type "N®
exceeds the maximum value of 21188 by OY080. The leads for the field of
the type "N" extend directly from the windings.,

43, When disassembled following the endurance test, the bearings
and bearing chambers of all types were found to contain a quantity of gummy
deteriorated lubricant. Apparently, this lubricant had been forced from
the path of the moving bearing parts during the early part of the endurance
test. Later it dried and shrunk, allowing the bearings to run dry but un-
obstructed.

Lhie It was also noted that most of the damping devices of the motors
were gummy and had a tendency to stick, It appears that this is also the
result of a deteriorated lubricant,



CONCLUSIONS

454 After being given 2 slight allowance for errors in zero
settings, all but one of the six type "M" motors observed complied with
the specifications for accuracy before and after the endurance test.
Following the endurance test, all of the motors complied:

46 . A1l six motors tested for torque gradient and maximm torque
were satisfactory.

47, The oscillation period was satisfactory when using a pointer
furnished by the manufacturer.

48, There were dielectric breakdowns in four of the twenty type
"M" motors submitted, One of these occurred in & rotor, another in a
field, and two at the points where the leads extend from the field windings

tc the temminals.

49, The temperature rises of the windings are considered satis-
factory. In connection with this, the several erratic values given for
the rotor windings (Tables 12 and 13) were considered errors introduced
by changes in brush resistance, and disregarded.

50, Al]l other test resulis were satisfactory.

51. The motors check with manufacturer's drawing 15-023, except
that they do not include the proposed modification to the device for ad-
justing end play.

524 The shaft diameter is (OY3125 instead of 04250 as required by
the specifications.

Type “N'" Motor

53 The torque gradient is less than the specification value but
above the minimum established by reference (e).

54 The shell diameter exceeds the allowable value by 09080.
55. The field leads do not connect to the terminal block.

56 The rotor and stator are wound with enameled instead of double
silk enameled wire as required.

574 Under the dielectrid test, a breakdown occurred between the
rotor winding and ground.

58. All other test results were satisfactory except that maximum
secondary potentials of 107-108 wolts were measured. Drawing 15023 gives
a value of 90 volts.



Type "A" Generator

59. The two type "AY generators were satisfactory when tested in
conjunction with the type "M" motors. However, one rotor broke down under
the dielectric test. The shafts of these generators are the same size as
those of a type "M" motor.

Type "B" Generator

60. The type "B" generator was satisfactory when tested in conjunc-
tion with the type "M¥" motors. This generator proved capable of positioning
twenty type "M" motors and, except for its smaller physical dimensions,
would meet the requirements for a type "C" generator,

General

61, The damping devices of all types of motors tested were gummy
when examined following the endurance test. The lubricant in the bearing
chambers of the motors and generators was badly deteriorated and hardened
as a result of this test, None of the bearings are dustproof as required
by sub-paragraph E-3e. The stator windings of the types "A," "M," and "B"
are wound with single silk enameled instead of double silk enameled wire
as required in sub-paragraph E-3h,



Type "A" transmitter-generator connected to 6 type "M" indicator-
liotors and generator set to electrical zero before test.
given as (+) lead the direction of rotation, those marked (-) lag.

motors.

Results of Accuracy Tests before Endurance Test

TABLE 1

Errors in Degrees

Brrors

Thus

a2 (+) error in the cw direction indicates the same geometrical position
as a corresponding (-) error in the cew direction.

Generator _Motor No., 15 Motor No. 1
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103.5Volts 126.5Volts
in 60Cycles 65Cycles 55 Cycles 60Cycles _65 Cycles _55 Cycles
Degrees cW cow cw CCW__cw CON__CW___CCW__&W cow oW cow
3 -1 0 +.1 -3 =.1 0 #7 <1.0 +6 =1.0 =6 -=ub
6 +,1 =2 0 -3 =1 =21 38 =1,1 #:b =12 2T =7
9 +s1 =1 0 —e3 Had =2 +.9 21,1 3.9 S1.3 4. o)
12 0 =1 -.1 -1 +.1 -3 +1.0 -1,0 =+. 1.1 +.9 =.9
15 0 =2 -1 —ad hz2 -4 +1,0 <1,2 +,9 -1,0 +1,0 -1,0
18 +42 —o3 0 -1 3.3 —ade 1l =12 1.0 =1:1 33,8 1.0
21 +.l =,2 0 -3 +.1 —oh 1.0 =12 $1.0 =lu3 4.9 1,0
24 0 =]l =3 -2 0 Sl +#1a0 =13 1.0 <=1, +8 =B
27 —al 0 -.3 -1 =.1 =21 4.9 =10 .8 =13 4,7 =6
30 —a2 el =ud 0 -.2 0 %8 =29 4.6 =1.0 +,7 =ub
33 "03 +¢3 —a0 'P.l ".3 Fod +h6 -..8 '1"6 -—.9 +06 —.6
36 =5 4+ =.5 +93 —ob +43 4,6 =8 +.6 -8 4.6 o5
39 ""'15 +als —a5 +.Z|. ""¢4 +43 +.6 -7 +¢6 —a7 ;".6 -5
42 "04 +.3 "'15 +.4 —.4 +|-2 +n7 -.8 +.6 —-7 +¢5 "‘-5_
45 "04 “‘-1{. e 5 +03 --5 +¢3 +.6 _-'.4 +o5 —-r? +-5 "l5
48 —aty +3d =5 *03 =ty +.3 +-6 -5 +-6 -7 +e5 ol
51 —o5 +eb =ub +e5 —.b e 20 =ud #o5 = 3B =45
54 -ctb "'13 "'.5 +-3 —-3 " +01 +o? —.6 +.5 —.7 +¢? —.5'
59 —e5 +d —'t6 +a3 —ub +a3 *.5 “'-3 +adp "’-_6 +-6 —-uly
60 53 a2 = +25 =3 o Fb ol +45 —s5 b - =44
63 —d +.3 =45 $odh —=aRh  Hehh sl =43 #FD -5 .5 =2
66 —-6 +ody -7 +-5 -.5 +.5 +o4 —a2 +¢3 —.4 +-4 =
69 --7 +05 —1'? +l6 _o6 +.5 +-4 —.1 +03 "14 +-4 -l
72 ~e8 +.7 =49 +ob =7 of el b 44l e 0
75 -9 +.7 -.9 +.8 =.8 +a7 +aR +4l 0 O  pad 0
78 _1!0 ‘+|7 —'100 +¢7 ""09 +|7 '9‘-1 ‘l‘-l ""-l _ol +01 +a1
81 -.9 +o7 "09 +¢'? -;9 +o7 +.1 +¢l 0 0 +.1 +-1
84 -.9 +.8 =-,9 +.8 -,9 $27 Feld Sl 0 -l 0 A
87 —8 +o7 =10 +'r? -.9 +o7 442 +|1 0 o U, +a1l
90 . -.9 +.7 -1.1 +.8 =.8 +a7 0 +.1 -.1 +alk +.1 .1
93 —+8 +.7 —'ltl +49 -7 +05 +.1 4'.4 -2 +ed F#ul e S
96 -9 +.7 -1.0 +:9 =46 +s5 0 +3 =2 +22 Fal (]
99 ~7 4.5 =1.0 #b =45 25 442 #d =ad T 0
102 =7 +.6 =9 +e7 =7 #aB 19 2l =2 Fek +al  +.d
105 —e7 +b =49 +46 =,8 +46 0 +.4 0 o3 0 +.3



TABLE 1 (CONTINUED)

Results of Accuracy Tests before Endurance Test

Errors in Degrees

Generator Motor No. 15 Motor No. 1

Setting 115Volts 103.5Volts 126.5Volts 115Volts 103,5Volts 126.5Volts

in 60Cycles _65 Cycles 55 Cycles 60Cjcles _65 Cycles _55 Cycles
Degrees cw ccw cw CCW CW CCW_CW __CCW _CcwW cow__Cw cew
108 =7 b =20 +27 =8 F38 +d Had =l $aih 9] +gb
111 "‘08 +l7 "1-O +.8 “‘u’? 4“:7 ""'.1 +05 ".4 +.6 0 4.0
114 —0'8 +t7 -1.1 +.9 —-8 +n7 —.2 +04 --4 +-6 0 +-ly
117 -8 +.7 -1.0 +.8 .8 +o7 =22 #25 —uk e R | +al
120 —a8 +46 -1.0 +.T =ub +.6 =1 asd —.d +od 0 Fab
123 =6 +.6 =48 #:b0 =3 +oi ~s2 dak —al +ody —ody +43
126 -7 +tb -8 Sl "'-6 +a5 —a2 +.3 —e2 +05 —e2 +.3
129 —e5 24 =—aB 320 =k 0 =¢l +.3 =.l +aly 0 0
5 o b +4 =7 +eb =3 Fol =23 +43 =a3 +ad 0 0
135 gl At &gl +:5 ~=sl e O 2.1 —pl +ods 0 0
138 —.3 +42 =—ab +.4 0 —ai 0 0 .0 "'03 +e2 "03
141 —a? 0 —-.5 +33 4.l (8] 0 =.1 0 g I -1
144 -l -1 =.4 +e3 =al =e2 #ol =l =,1 0 0 =23
147 -2 0 =4 +al —=ol =23  Fel =uk 0 0 4.l —
150 —--2 0 -« +42 0 -l 0 0 -.1 Fut Tak -2
153 ~s3 +¢3 —ub il —ai £3) 0 B =3 +ad *ad B
156 —oki +e2 —ab +a o 0 0 $.3 =34 +s2 +ek -l
159 =2 Fal —uli i 0 -1l .1 0 -.1 0 +42 —e2
162 .2 =41 =23 0 0 =1 a3 -2 0 — T -3
165 0 =-.1 =.1 0 0 wal  #22 =i 0 =t 4.3 —a?
168 4.l =1 =.2 0 +.2 se?  Fal Tl 0 R S | -3
171 +.1 =1 =3 0 +.2 mpdh el TR —ei 0 +.3 =t
174 FoR =43 a3 6 sl el s = 0 0 +.4 ~25
177 +.2 "03 O "‘ol +.4. "-4. +.2 "".3 O "‘-1 +04 ".b
180 +.2 "'.4 O '-.1 +--('g "".5 +.3 "oL']. +-1 ".1 +t4 "cb
183 Ha2 =k 0 ald b =ty Fe2 =3 wal =l a3 —al
186 +-3 "'02 0 . ‘i‘ol "-3 +.2 —4 +.l "t2 +n2 _03
189 +ol —u1 —=.1 —d 423 —e3 Fel =42 0 -l +.4 -l
192 0 0 =.3 +,1 4.1 -3 0 =1 =-.1 0 @53 —ols
195 -1 0 =.3 +3d *ab —e2 0 -1 -3 0 +.3 -2
198 -1 =1 =4 el sl —e 0 0 =42 0 2 —3
201 —al 0 =.3 +.1 -1 —sl 0 -1 -.1 8 .3 —el
204 0 =1 =3 0] 0 —e3 +el =1 =42 ~el +.1 —el
20’7 "‘-1 0 —-3 +¢1 (0] "‘02 0 "".1 0 0 +01 ".2
210 —al =l —=.4 +.2 +.2 —a 0 8 sl £t Bal —sl
213 "'-1 +.1 -.3 +.2 +¢2 "‘-3 0 O "'03 +Q1 +-2 ‘_.3
216 o 0 —ub Tl  Fad -3 0 =l =3 Hak el -3
219 0 0 =3 0 #3l -3 0 =l =—e2 0 =+.1 —ad
222 —ol 0 =3 Gl 0 —al 0 =4l =,1 0 0 -l
225 —ol 0 =ub +.2 0 0 @ 233 =3 +.1 0 0



TABLE 1 (CONTINUED)

Results of Accuracy Tests before Endurance Test

Errors in Degrees

Generator Motor No. 15 Motor No. 1
Setting 115Volts 103.5Volts 126,5Volts 115Volts 103.5Volts 126.5Volts
in E0Cycles 65 Cycles _55 Cycles 60Cycles 65 Cycles 55 Cycles
Degrees cw __ccw_cw CCW__CW CCW CW _CCW CW CCW __CW cew
228 b +a3 =.5 +ady =42 $ad =32 wal el +al —ol @]
231 —.4 +p3 “‘6 +15 _IB 403 — 3 40l “05 +.4 —-l +-l
234 '.5 +n¢ --? +.6 —.3 +-4 —ods +¢3 “06 +04 “02 +'l
237 —o6 +e5 -7 +.6 —ody ol —ad +2d —-6 +-4 -03 + ol
240 -6 +.5 —ab +.6 —.4 toly —ah +a2 —oti +ed —e3 +e3
243 .6 +-£y “té +'£l- -05 '}'.zi- _03 “l‘al "05 0 -'4 "".3
246 5 el b +.5 -6 +.5 «=ah #dl ~.5 0 —.i +e3
240 ek —uh +e5 =.5 Todi, =gl Wl =5 0 -4 -
252 -7 +.6 =.7 +0 b Foh =5 a3 =B +el —o3 0
255 -0+ -.7 +.0 = e —ots 0 -.6 O 0
256 *-5 +-5 —.b +pb “13 +r2 _.4 (] _i5 O —pl (8
251 '—.5 +.4 _ll? +-5 "'ozi- *QZQ. "‘04 O —-6 O "t3 O
264 —-7 +-6 —.6 +o5 *06 +-5 _cL +.l —05 -ol —04 +‘1
267 =7 He5 =3 +260 =.6 b =5 zad b 0 -5 Fol
270 LB G =gy +.,7 -.8 Fs =u5 a2 b +ol =4l =
273 -lg +.8 “09 +.8 —.7 +17 “06 +¢A “-7 +-3 '05 0
276 "'09 *08 —.9 +-9 ".7 +.r? "'cr? +I3 —na +03 "-lb O
279 -9 +.9 -9 +.8 -.8 3.7 =8t =7 +42 =¢b 0
52 —06 +-7 --? +ob —.7 +.6 —03 +o1 =-.0 —11 —-6 ()
285 —.b +n6 —-b +06 -.7 +.6 “-4 0 —.5 —.1 -.6 0
2885 =25 =ab =46 3.6 =.b +e5 =al 0 =5 -1 =4 -1
291 —08 +¢6 —.8 +a? --6 +o '.4 0 —.6 0 “-4 —al
294 Y TR S A 340 =—uk 4.3 0 —ul o5 R S ~e5
297 *.4 +n4 _-6 + 20 —-4 +a3 O —.1 "-4 ‘13 "-1 “15
300 -.4 +.3 —.5 +14 -;2 0 0 —03 —12 -.A +ol —.5
303 =4 +.3 -4 +.3 —.3 +03 ¢ —oly —ad —ods +-4 ~e5
306 walk Aats =l Yl =ob 4oy =41l =33 -.1 el +.3 —o
309 —dy 423 —u5 ES0Y A— oy el —e3 =R —el  +4l ~s5
312 -5 44 =5 +ols =ub +aly =l =22 =.2 -5 442 ~aD
33.5 -.Z; +.A —.5 +.4 —.4 "l'-l “".2 -'03 "03 _czl. +-3 '_tf?
318 gk Sl silh tody —ols Fgg el = =g —e5 442 -
321 - +.3 -k Fo2 Suds =3 gl =35 0 e a2 saly
324 —e3 +.2 =.3 .1 =l a2 Aed b agd =,8 wab =
327 . 0 -.d1 -.1 =.3 0 +.3 =B +.2 9 +.3 o5
330 “.1 O —;1 o —01 O +.2 ‘-7 +.2 —-9 +¢4 —-9
33 0 -1 =-.2 0 0 -3 +ad =9 +.1 -9 +45 -1.1
336 RS R R | LI T ~e3 suh <10 22 =D e 13
339 +*.2 ’c3 +01 *!4— +03 “-4 + ud -1:1 +.4 —1.3 +¢7 —1.2
342 +.2 —a2 4,2 =23 43 ~e3 #=H B ) w8 Hlad 9 =lal
345 22 —e3 *e2 S A —a2 4.5 210 +h -l.2 +6 -1,
348 Tl d a3 - —al gk =1ld .4 =1,3 +46 1.0
351 —el =,1 0 — 0 -l +04 “-9 *03 -1.0 +I7 “09
354 -cl +01 —-l —.1 “01 -.l +.2 +-9 +-1 —1.0 +'6 -09
357 e S "a2 --l 0 —.1 +.2 —al +.1 —09 ~.2 —09
360 0 -.2 0 —a2 0 -2l +a3 =.9 +.3 -1.0 4,7 -9



TABLE 1 (CONTINUED)

Results of Accuracy Tests before Endurance Test

Errors in Degrees

Type YA"™ transmitter-generator connected to & type "M" indicator-
motors. Motors and generator set to electrical zero before test. Errors
given ac (+) lead the direction of rotation, those marked (-) lag, Thus
a (+) error in the ow direction indicates the same geometrical position
as a corresponding (-) error in the ccw direction.

Generator HMotor No. 9 Motor No, § _
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103.5Volts 120.5Volts
in S0Cycles 65 Cycles 55 Cycles 60Cycles _65 Cycles _55 Cycles
Degrees cw ccw cCw CCW ___CW CCW_ CW __ CCW_CW CCW__CW cew
3 +02 =okh +s3 =u% +d -3 442 =3 +.3 ~oly +al -2
6 ‘-'03 "-4 +03 —-5 +.2 -.3 +.2 —03 Faid "‘.14» +02 “-3
Q +02 —-.lﬂ. +.£|. ‘-.6 +14 -04 +.2 —-4 +-3 "t4 "'-3 -.Ii-
12 *"2 —-4 +-Z+ —-6 +|4 -'5 '|'02 ""14 +-3 _N'-’l- "‘-4 -o5
15 +42 —a5 +.3 —ts +odi "'.6 o —-4. " T ) "‘13 +eo5 -.-6
18 +e3 =25 5. =u5 3.5 —eb +e3 =25 3 —ok 4.6 -7
21 +e3 =48 4k =D sl -6 +.3 -k +3 -5 +ub -6
24 +32 =—ob +ad =5  +,3 ~ul 44l —h 4,2 —ady  +a3 -k
27 $ol =53 *23 ¥ed el —els 442 —ab +.1 +s6 +.3 —ul
30 0 -.2 0 =.4 0 -2 0 -—u2 0 ~s3 4e¢2 -3
33 -1 -1 -1 -2 -1 -1l =1 -.} 0 —sR  +al -l
36 -1 0 -1 -2 =2 0 -.1 0 =-.1 -.l 0 -ol
39 -2 0 =1 =31 =2 o -2 0 =.2 ol =1 O
42 —d el 6] 0 =.2 —adl =2 gl =1 0 0 o
45 —'-2 0 '—.1 —-3 "-2 +.l —'-2 0 "'ol "01 "‘"cl C'
48 -2 0 -1 0 =.2 0 -2 -1 -.1 0 -1 -1
51 —-3 "‘cl -'.2 O "—ol O ".3 0 "'03 '0 0 -01
54 -l +1 -1 0 0 -l =1 +,1 =1 0 +.1 -.3
57 "'02 0 '—-2 "'.1 0 G -.3 "'rl "'3 0 1“01 -Q2
60 —ad —xl ~a3 el =sl 0 =l =2l =41 +el +a1 —el
bj -.3 0 —-2 O ""03 +ol “.2 O -—.2 0 0 0
% —oly 0 -ty 0 -l +-3 --3 0 =3 0 =si +ol
69 "‘.4 +91 "'.3 +.3 “"04 +¢3 -.ll +-1 "‘nt} "'02 "'.3 -.-1-
72 '_-5 +olb _-5 +-£(- +05 +lz|r "'lA +l3 --'6 +l[6 -'A "'I&
75 "'06 +.4 "'.6 +-fe- "'15 "'ﬂ!n- "45 4’-4 "‘.6 +t4 —.4 +-3
78 -7 +ods '-.6 +.5 —06 +e5 -l +q3 —eb +ofy —a5 +oly
81 el ek B  #3D  =ab +85 =4l +4 b 3.4 =sh A
84 —b 1.4 =5 4.4 —ub +ed =5 +ud =ib +els —=o5 +ols
87 —-4 +a3 '—-6 4-.4 "‘-6 -I--S "-4 +.3 ".6 "‘0'4 “"-5 +.4
90 “06 +-A "-6 +25 -05 +35 =ud +43 -.6 "‘t‘!lv ""‘l3 +'2
93 -—-5 +.4 -c? 4-.5 "".4. +04 —-5 '?‘33 "06 +'¢5 "'0-3 +6‘1
96 _.5 +l4 "c? +.4 "04 +.3 --.4 +.3 -—.7 +.4 —.2 +cl
99 ""04 "‘.3 -o5 +ely _03 +o2 "'03 + 42 —.6 +o4 -l O
102 "'05 +a3 "06 +als —aty *!4 -lA *-3 --'6 +.£|. "'--3 +e2
105 _05 +¢4 "-.6 +-4 "'".5 *o& ""05 +.4 '_-.6 +.4 —.4 +oz+
108 —.5 +.4 “'16 +-4 ""36 +o6 —.5 +04 ‘--‘? +.5 —-5 +l7
1311 -o? '!'35 -7 +05 “".5 +.6 “.7 +.5 aey’T +¢5 —-5 +06



Generator

TABLE 1 (CONTINUED)

Results of Accuracy Tests before Endurance Test
Errors in Degrees

Motor lNo. 9 Moter No. 5

Setting 115Volts 103.5Volts 126,5Volts 115Volts 103.5Volts 12645Volts

in 60Cycles 65 Cycles 55 Cycles 60Cycles _65 Cycles _55 Cycles
Degrees cw_ cgm cw CCW__CW COW _CW CCW CW CCW__CW CCW
114 —-7 +.5 ".8 +.6 —.6 +.6 '—47 +-5 —08 +.-6 "-5 +-é
117 '_-'? +¢5 "-7 +o6 -16 ‘{'04 _|6 +.Z|. "07 +-5 --5 +-£;.
120 — B ok =g aah ik $adh —aB Hab —of +e3 —aks VA
123 k. 3 =5 aah =l F3 =gk +i3 —ab holi =l P
126 -'-1!]. +ozl- "15 “'aé— "-.4 “1'-3 '_izi- '{’-3 "06 “'14 "'!3 +22
129 —te 143 =ah  Ea3 -1 Fal =43 ek —~u +e2 —ul g
132 '—.4. -!-.2 -".5 +-A‘.rn. ".l -.1 —14 +-2 —-5 +-3 0 _.2
135 —od  tek -l 153 (8] 0 -.2 0 -.4 FoaR ¥ —o3
138 —.1 "‘.1 "'olgi- 4'.2 +.2 —;3 "tl _-1 -.‘n +-1 +n3 _IA
141 0 =1 -.3 0 E S 0 -1 -.2 0 +.2 —a2
lM “cl —-2 '-41 0 (8] '—-2 O —a3 "-2 ) 0 '!-11 —-3
147 0 -2 =1 =1 +.1 -1 0 -2 =-.1 —el 4+l -3
150 "-1 O "01 0 0 "“ol 0 —-1 -.1 O +'ol "‘03
}-53 "".1 0 -:3 +¢l 0 --1 -al 0 ""33 +¢1 +01 —-2
156 -2 =1 -.4 0 0 ek =al —ake =3 0 0 -3
159 0 _42 "nl "ol +a1 -.2 0 —-1 '-‘-l O +‘2 "'.2
162 53 =a3 wadl =3 Fe2 el FeR =3 el —e2 43 —ots
165 +.2 =k 0 =3 0 e 0 —-ar  Fed —a2
168 Pl =3 Had  —adk SR =23 4wl st Fed ~e3  +ads —uts
171 +42 —e3 0 —.2 i) = FeR =adi Al -3 +ud —5
174 tal —ehr 0 —o3 ady =25 Fa2 —ad 0 a3 | pab -0
1?'? +O3 "o£|- +l1 -.3 *04 "".6 +.3 “.4 +.1 —.2 '}‘.6 -.-b
180 +¢3 -5 Fal "'03 +.A -5 +ods =o5 +e2 —als +e5 —als
183 e gk, Fx% =ab  #e) =08 Falh =5 +s2 -l +ely -5
186 43 =ah 32 =3  #a3 —e3 +e3 =eh +.2 —ody  Fals -5
189 +22 =23 =1 —h 4 —ad 432 —ub =a2 -3 +a5 -5
192 +..1 —.2 6] ".2 +.3 -.4 +¢1 --2 "'.l -—.1 +.£|. "¢4
195 +al =1 =,1 0 +59 ~e3 Fal =u2 0 -2  4abs —ols
198 Sl Nen P =gl @aZ =B ol o 0 -l +adi -l
201 -.1 -:2 O —.2 +.1 —.2 —-1 —-2 4*-1 "‘-3 +-3 -IIP
204 +-2 "“n3 O —03 +o2 —.3 +¢2 "03 O _03 +l3 —-4
207 i I S L L DL —~3 el —dB Ead —e3 He3 —d
210 0 -.2 ‘-.1 -'.1 +¢3 "‘13 +-1 '—'4 0 -.2 +-l:p —.4
213 +,1 =,2 -=-.1 6] a3 -t .l =32 0 —el  +ad -5
23—6 +42 "'02 0 ~-.1 +a —.l-';. *ad '—.3 0 -.-2 +¢1+ —.6
219 +a2 =43 0 -=.2 a3 —e5 4.2 b 0] —e2 4 -
222 6] _03 0 "‘ol ‘!'-3 '_'3 0 _v3 0o _01 +'3 -.4
225 0 —-.,2 =-.1 0 (8] 0 0 -=-.2 0 0 +.1 —2
228 . =l = 0 0 el =1 =1 -2 0 0 —~92
231 e | 0 =23 #.2 =1 0 =3 0 =3 +.2 0 0
234 =é3 42 wull F.3 =2 0 =3 #=d =l 53 —ad ~ol
237 =23 Al el  FeZ = tok =23 #aZ =—af +=1 0 6]



TABLE 1 (CONTINUED)

Results of Accuracy Tests before Endurance Test

Errors in Degrees

Generator Lotor No. 9 Motor No. &
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103,5Volts 126.5Volts
in b60Cycles 65 Cycles - 55 Cycles ©060Cycles _65 Cycles _55 Cycles
Degrees cw CCW__Cw CCW_CW CCW _CW CCW __CW CeW CW CCW
240 —e2 #32 =3  +.2 =.2 +e2 =23 +.2 =.3 +ol —.2 +a1
243 —e2 4ol =33  +d =3 +e2 =2 #.1 =3 +oR2 —al +ol
246 —e2 44l =3 4,1 =4 +e2 —a2 0 -3 +e2 —a3 +.1
249 "-3 +.l "'03 +ol "‘.3 +'1 -.3 0 "'.3 +.2 “-1 6]
252 —sly a2 —oby  *43 —a2 $od =B 2 —wbh +edy —ol 0
255 -'4 +cl —-Zp +.3 "-2 "'-l "-4 8] "04 +¢3 0 _il
258 _l2 +al ‘--4 "'-3 —al 0 -2 +-l -IA' +-3 +ol '_.1
261 =3+ =4 +.3 =2 +al —o2 0 —-.4 el 0 —el
261’1- —.4 "'02 "'.A +.3 "'--l':lr +.3 ""44 + ol "'otp +.2 ""03 +.1
267 3 32 =g A3 i Sudy il w2 ——d vudy  =als +e3
270 _'5 +I3 ""05 “f‘o"-’& ""n4 +l3 —Izl' +.3 _o5 +.t+ —'-i} +.3
2?3 "‘-5 +.5 "0'6 +.5 —-5 +.4 "'.6 +.£} "'-6 +.6 —.5 +,Z|,
276 =6 1.6 =6 1.5 =.5 1ods =y7T #e5 =ub +a7 =a5 +ody
279 ".6 +25 —.6 +.A "!5 +.6 g +a6 —.6 +-5 -.5 +ad
282 —e5 +uh =a5 +43 "'06 +a5 —el +--?+ -5 +ols "'06 +e5
285 ""-5 +03 "05 ""03 "05 +.4 "‘.5 +-4 "“5 +04 "'.6 'i'-5
288 —23 443 =ddh  +h  ~ed +ed —e3 +43 —e4 ol —ak +ad
291 "06 +.£; "'05 +-4 "'otl. +o2 "".5 +.4 ".5 +t5 —.4 +-3
294 "-4 -.1 ".4 +n3 —.2 Q ".3 -02 -04 “1'-4- _0.2 G
297 -'l2 +o2 '—.A +.l —.1 0 "-1 +.1 "'.4 +.3 0 "-1
300 -1 0 =2 +.1 0 0 0 9] —03 +e2 0 —ol
303 0 =1 -2 0 0 0 -4 0 -.4 +ol 0 0
306 "a2 0 '—02 0 P +aol —'-1 +.1 --3 +.3 —al +tl
309 -2 0 -.1 0 =,2 F2l =e2 +1 =4 +e3 =a2 +al
312 -2 =1 =1 0 =.2 0 =a3 =2 =44 +e3 =u2 +3l
315 -.3 +a2 "-3 +ol —e2 +¢1 —.3 +.2 —.4 +¢2 —a2 +01
318 i —ad =l —ol —a2 +el —a3 =2 =u2 +ol =3 —al
321 —al (6] 8 =1 =d 0 0 0 -4 0 =2 0
324 0 +al 0 -.3 -'ol 0 0 0 0 ""03- -I2 G
327 +ol =o3 4.1 =4 =1 —22 +ol =3 0 —e? =l —el
330 +al =.3 G =4 al —e?2 4+l =1 (6] -3 0 -3
333 +02 -03 +ol -tz;- +.1 "‘-4 +l2 "".3 0 —‘3 "‘.1 "“05
336 +03 --4 +-3 "‘.5 +-3 "05 +o3 "alp 4‘01 "03 +-3 ".05
339 +-5 —-6 +.3 —.6 +o£; “.6 +‘5 -*.5 *.2 --a{p +-£I- “u6
342 +oly =—a5 +.4 "'-6 +o0 —e5 +o3 *-4 +e3 -ty +s5 -5
345 +aly =45 +-3 —-6 +ody —ady +-3 —ol +92 -5 +-4 —o;
348 +-3 “".5 +a —-5 +-3 - +03 "04 +-2 "'04 +-3 "'3
351, +e3 =3 +43 —ols +e3 —e3 +a2 —e3 te2 —23 +4a3 EA
35[1 +tl +'2 +.2 —e +.2 —03 +.1 +.l +02 ""3 ']"-2 "12
357 +el "'.4 +.2 —.4 +.l —‘.3 +.l "'.3 0 ‘—'.3 "1'.2 ""83
360 tel =3 4¢3 =45 0 ~e3 +.2 =42 4,1 ~+3 +e2 -2



TABLE 1 (CONTINUED)

Results of Accuracy Tests before Endurance Test

Errors in Degrees

Type "A" transmitter-generator connected to 6 type "M" indicator-
motors. lotors and generator set to elecirical zero before tests Errors
givern as (+) lead the direction of rotation, those marked (-) lag. Thus

a (+) error in the cw direction
as a corresponding (-) error in

indicates the same geometrical position
the ccw direction.

Generator Motor No. 10 Motor No. 20
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103.5Volts 126.5Volts
in 60Cycles _65 Cycles _55 Cycles 60Cycles _65 Cycles _55 Cycles
Degrees  cw CCW_ CwW CCW__CwW CCW _CWwW ccw cw CCW _CW CCW
3 +e2 =23 4.2 -4 +.d —e2 43 =ad +.3 -5 0 -2
6 +2 =ub +.3 —ud 442 =3 +e3 =45 +ek -5 +43 -e3
g +-3 “-3 +12 —ohs +.2 “-4 +-4 _oﬁ +t4 —'6 +03 -¢4
12 +e2 -.3 +.2 -04 +04 '-6 *CB —03 +03 “.5 +l4 -'4
Ly Fiad —ly +al e T 3 --6 +o3 -l +ob —odh  +aly --6
18 +04 "l5 +.4 “-4 *l5 -o6 +04 —:5 +‘4 “05 +t5 “06
21 Pl S B g =25  Febs = 43 =5 3 -0 44 —ol
24 +e3 =adi +2 -5 +.3 —eh +e3 =ih ek -5 +.3 -3
27 +22 =&3 4.2 Fad el —edy. Hed =28 sl Pl el -2
30 +-1 ‘ul 0 “0& +.1 --3 (6] --2 0 “.4 0 _ul
33 0 -1 -=.1 -2  #.l -.1 0 =ul 0 -3 0 8]
36 -l 0 -.1 —l +,1 -1 -1 0 -.1 -1l =,1 0
39 ad 1D Rl g = 5§ D 10 ol ) Nt 0
42 0 =1 =.1 Q 0 -1 0 =-.1 0 -.1 =.1 0
45 -.1 0 -.1 -l ~d 0 0 0 -.1 T R 8]
48 -1 -1 -.1 -1 =1 0 -1 0 -.1 0 -.1 0
51 —.1 0 -.2 0 0 0 =.2 0 -3 c =-.1 +al
54 0 +.1 =-.1 0 +.1 -3 C 0 =.2 0 0 0
57 -.1 0 =.2 0wk -l =.2 0 =3 0 0 0
60 +ol “01 -1 0 0 0 0] 0 6] 4ol 0 9]
63 6} (¢} 0 0 -.1 0 -.2 o -.1 0 =.2 +a2
66 “-2 0 —.3 +-1 —.2 +ol —.3 0 “04 +t1 _04 *DA
69 “03 +.1 —-3 +.1 —.3 —-1 -a +03 “l4 +02 —.4 -.4
72 —ols +|2 —.6 +ady ‘--4 +03 —ots '1‘04- "'06 +-4 —.5 '1"-5
75 --6 +-4 “06 + oy -05 +03 —cb +-5 —06 +!5 "5 +Dé
78 —-6 +oA —.6 +.4 *-6 +04 —06 +.5 —.6 +.A -06 +|5
81 —o6 +.5 —-6 +¢4 --6 +04 “06 +;5 -.6 +a5 “.6 +.6
84 "-5 +04 '05 +84 -l6 +04 _16 +15 “05 +05 —06 +05
87 —-5 +.4 —-5 +¢3 “-6 +04 -06 +.5 —.6 +.5 -.6 +ob
90 ~xB #al =ob +oby =—e5 1ol =5 Feb =al +eb6 =46 +a5
93 -5 +.4 "'06 +-4 —ody ol -.6 +e5 -7 +-6 —e5 +ody
96 --4 +ads -7 +-4. -3 +od '-'-6 +¢5 —a7 +-6 —ods 4‘-‘
99 -3 4.3 -5 ded —ak 0 -k +obs -.6 +05 =—ed +ole
102 ”14 +-3 -.5 +aﬁ “.4 +t1 —04 +o4 —06 +95 “.5 +05
105 -5 +h ~.5 +ods —ud 132 =B +.5 ~4b +¢5 =ob +e5
108 “05 +-3 ”16 +-4 -05 +.8 —.6 *Qb --7 +|6 -.7 +¢5
111 "'or? +¢5 “n? +-4 "'-5 +.7 "'.7 +.6 ".8 +-_6 "t'? '5‘04



TABLE 1 (CONTINUED)

Fesulte of Aucurscy Tests before Endurance Test

Errors in Degrees

Generator _____Motor Nice 10 . Nclog No. 20
Setting 1.57:1ts 1C3.5Volts 126.5Volts 1lisvolis 1€3 5Tolts 12645Volts
in £0Cycles €7 (yiles 55 Cycles ©0Cyrlsz €5 Cycies 95 Gycles
Degrees cw  cow_ CW coW  CW CCW _Cc¥ cCr oW GCW _ CW ¥ il s
111;. —‘6 -I-.I:;. —.'? 4-.5 '—.5 +-.? "..? +06 —-9 +.r? '—46 +05
117 2l #a3 =T +eh —45 +a3 =27 +eb —sB +eb =7 +e 5
120 "‘06 +-.£|. "".E} +-4 —.4 +-4 --6 +./+ —07 “'.5 _04 +i.3
123 o telh =5 Fa3 —ad gl =l gl b sule ~<ub 3
126 "‘..3 +,1 "-6 +-3 "-‘. Fol =l el "06 +¢5 = "'l3
129 —-3 +el —uk +.1 =ul —~ol =k +.2 —ué +od =l +ul
132 -+ —u4 +.2 =1 -2 —.5 +.1 -.6 +oby —a2 0
135 —02 0 —.4 Figd 0 —03 —-3 +ar "‘oé' +0& "‘-1 _tl
138 0 -.2 -.4 B cheR —oly =—al 0 -.5 +42 0 -2
141 0 =2 =-,2 -1 +.1 =22 =l —ul ~.4 +.1 0 0
14.4 O "03 "'.1 _"c]. +t1 "04 _01 '_il “"03 +.l —.l "‘-1
14{"? +01 —12 -ol "l3 +ol “-3 O "'lll "‘02 O ""tl "'il
150 0 -.2 =.1 -.1 0 —e3 =l =1 =.2 0 =9 —a2
153 6} 0 =.2 0 +.1 —e3 =2 0 =4 +al ¢ -1
156 0 .1 —.3 8] 0 —;3 -.1 0 -“-4 +|1 —e2 0
159 O ".2 -.1 --1 +¢l -.-3 O -.l —,2 O 0 —.-l
162 +22 —oh +.d -.3 +.1 ~el +al =43 (¢ -2 6] -2
165 e sl 0 = 0 =39 a2 =1 0 =1 0 —ad
148 P [Eadl aad e gl 4@ =3 0 —e2 +al —e3
171 +.2 —ab +ol —e3 +¢4 -.6 tal =e2 —oi —el  +a2 "04
174 +42 — +al -3 +u4 "‘-6 + o2 -03 -1 —sl "'03 —5
17‘? +03 -.4 +.2 "'-3 -]-.1; -36 +03 --3 O "'l'l +-4 _'5
180 +43 "a5 +Q3 —.4 +04- "15 +03 '-4 +42 "'03 “"-4 _05
183 ‘!‘.3 —-5 +.2 ".4- +-3 "15 +¢3 "-1} +01 -83 +.3 _.‘{J’
186 +0-3 "‘03 +.2 —-lfp +.3 -I5 +o2 ""13 +ol '—03 +¢1 "'oift-
189 +42 —-4- +ol —oly  +al -.5 +ol ""'01 +.1 -2 +.4 "".Z}
192 'i"ol —.3 O "'.2 +I3 "‘-5 +-2 ".2 O -.1 +.2 -"..Zp
195 0 -.2 -.1 -1 4.3 -5 4.1 .2 0 -1 +.3 -3
198 F.1 =2 0 —al +.£|. —-4 +al =,1 0 8] +-3 —‘.4
201 —e2 —.2 0 -3 +l.l —a3 =2 =2 0 —al 0 -3
204, +.2 =.lk 0 —e3  +e2 -t +e2 =al =—ul "“03 +ol _‘3
207 +ol "’.3 0 "¢3 +.2 ""'04 +.1 0 0 O +-1 ""-3
209 +o1 -2 =.1 0 +43 —-e3 0 0 0 —ed  bad —e3
210 +2l =2 =1 0 +43 -3 0 0 0 -l +.2 -.3
213 +.1 ""02 0 O +o4 ""l5 O O ‘—11 --1 +03 "'04
216 +a2 —a2 0 -l +ad ~e0 44l 0 0 —al  +a2 —ods
219 +e2 —.3 0 —e2 +aly —a5  +a2 6] 0 —e3 +e2 -l
222 +¢l "‘-3 (0] "'tl +-3 "'.4 +al (6] 0 —.1 +02 "63 )
225 0 -.2 -1 —ol +al —a? 0 o -.1 -1 0 el
228 0 -1 -.1 0 0 -2 0 +.2 -=.1 0 -4 6]
231 @ 0 & w3 B B it Rl wd i k| ek
23‘-’# “'-3 +al —ody Es — —el =2 +-4 "'al-’t +-2 -l '!'01
237 Se3 $e2 =ak P, O, | 0 =a3 2.b woly $e2 =¢2 +ol



TABLE 1 (CONTINUED)

Results of Accuracy Tests before Endurance Test

Errors in Degrees

Generator Motor No, 10 Motor No. 20
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103.5Volts 126,5Volts
in 60Cycles 65 Cycles _55 Cycles 60Cycles _65 Cycles _55 Cyecles
Degrees cw _ cow_cw CCW __CW CCW__CW __CCW_ CW CCW __CW cew
240 .3 4.1 =.3 Eae =8 +el =42 +a2 =3 +.1 —.3 +al
243 ~a2 0 -.3 +el =43 +.2 =ol .1 =2 +al =.3 .1
246 —.3 +.1 —-4 +ol —04 +.2 —-l +-1 “-3 +ol —-4 +’2
249 —e2  #.d =4 s $3 —af el =3 +el —o3 +ol
252 =23 4al =-uh +s3 =al $ud =3 g2 b +43 —aR +al
255 "-4 +al ""oziv +.3 ""1 0 ""aj ""ll "c4 +03 _-1 0
258 w3 ek omh wo B B wed el «2F  aul wd 0
261 —e3 0 —-.4 +.3 =,1 O =2 0 =4 22 =51 +al
26/ —e3 4.2 —.4 +a3 =d +ed =43 +.1 =3 +el —sk +oldy
267 —-4 +42 _té +.4 -.4 +cé '-3 +02 ‘03 +03 -14 +'3
270 —.4 +.3 *.6 +c4 —-4 +.5 —04 +a ‘35 +04 —-A +04
273 “cé +.5 H.? +.6 -.6 +-4 —06 +05 'o6 +l4 —15 +'4
276 —b 145 =41 4ab b +.5 =5 ek =B 45 5 4sd
279 “06 +.5 —-6 +.6 *06 +i5 *-5 +40 _05 +'4 —06 +'4
282 =.5 +ab =45 +oly -7 +e5 —uk +e3 —ubs +e3 —a5 +a5
285 —.6_ +ody —.6 +ols '—06 +obh —oly +e3 =k +e3 =3 +ols
288 -.4 +o& ".5 +t4 “-5 +04 --1 +.1 “a2 +.1 *14 +.3
291 -.7 +¢4 —.5 +.4 —.4 +.& -16 +¢3 —04 LA --4 +.4
294 —.4 —.2 —.5 +.ﬁ —.4 +.l —51 “.l —.3 +03 --3 +|1
297 -.2 +-1 -o& +.3 ".2 O 0 +.1 *13 +l1 6] 0
300 ".l +q3 “13 +-l “01 0 0 0 —-1 O 0 —01
303 -1 0 =-.3 0] 0 +.1 0 0 0 0 0 +.1
306 —al 4ol —,1 +ol —a2 +ol —al 0 0 0 =2 +al
309 AR T S Fol =R +el —ud 0 -l 0 =42 +ol
312 —.3 +o2 “03 +02 “03 +ol O 43l =—ui 0 =u2 8
315 =D w3 +el —a2 0 egd 2 =2 0 =42 +al
318 -3 =.1 =.2 0 -1 0 =32 #4l (¢} —l —al 0
321 —.l ol —.1 0] —.1 '—.l 0 (0] 0 -.2 ‘—32 6]
324 B B § st —ad 6 © 6 #l 33 = 0
327 4,1 -l 0 -3 =l —ol  +42 =u2 +.2 —ods =4l —a1
330 B el B = B =@ i3 =R 3  wt B[ =t
333 +22 =3 0 2 0 —e5 442 =3 +.1 e R § —ods
336 +a2 #-3 e L -.4 +03 _CA +¢3 -04 +¢3 "'5 +'3 _°5
339 +oly —als +-3 —e5 .4 “¢6 +e5 —06 +ol; _06 +ed '16
342 +4.3 —ody  Holy "-5 +ady —ed +ed =05 425 -.b +e5 ~ads
345 +.3 sk +ad —e5 443 —e3  +4h =u5 +.d =27 +ek —els
348 +.2 —.3 +13 “-4 +.3 -;2 +.3 —.A +¢A _té +.3 “13
351 +a2 —.2 +.3 —IB +-3 '14 +.2 —-3 +’3 —'4 +'2 "3
354 +el +el  +.1 —s2  FaR —23 Fel +#42 %42 -3 +al —a2
35? +.1 —.2 0 —,3 +.2 "03 +.l -'4 +|2 -l4 +02 "n3
360 *-1 *-2 +.1 ”13 +¢1 “QB +.2 -.3 +l3 ’04 +.l _'3



TABLE 2

Results of Accuracy Tests before Endurance

Errors in Degrees

Type "B" transmitter-generator connected to 20 type "M" indicator-
Motors and generators set
Exrrors marked (+) lead the direction

motors.

1o electrical zero before test.

of rotation, those marked (-) lag.
indicates the same geometrical position as
the ccw direction.

Errors of only 2 motors recorded.

Thus a (+) error in the cw direetion

corresponding (-) error in

Generator Motor No, 15 Motor No. 1
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103.5Volts 126.5Volts
in 60Cycles _65 Cycles _55 Cycles 60Cycles _65 Cycles _55 Cycles
Degrees cw___ccw cw CCW__CW CCW_CW __ CCW __CW coW oW cCW
B - 0 0 =5 =1 0 45 =T w8 =132 +:5 T
6 _13 0 +01 -.4 '—-2 +.1 +.4 -.6 +.8 -1.1 '|'.5 "oé
9 —g 0 0 il ¥ O dah =g’ 4l Bl 3B —s8
12 -2 0 0 -3 0 —sl 446 =b +.8 1O T -9
15 -1 0 0 -.3 O = O —.6 '1'0.8 -‘loo +-I? -09
18 "".3 +od (6] ".3 “'-1 '—gl +06 "'oé +.8 —1-0 +06 ".9
21 -.3 +.l 0 -3 -.1 0 #:b =7 +8 =lal b -8
24 -3 0 0 —od =u2 O +.6 =ub +.9 =11 +a5 —a
27 —al-'{- +el —.1 "'03 —e2 0 +1-6 -1 el -1,1 +‘¢5 ~o7
30 ~ed 4.1 -u1 R I | 0 #55 =ob %7 10 b -9
33 --5 +03 ---3 —al -.3 0 +.'5 —'.6 £.7 —'1.0 +.‘6 — o8
36 —e5 +e2 —ul; -1 =3 +3l #s5 =ob 446 —Q #b -7
39 -5 41 =3 =2 =3 3ol 245 —=ob +sb 10 5B -7
42 —sly 423 —a2 —l  —ud ¥2 Fab =B 7 A0 3B "
45 _-5 “'12 '_l'3 "01 ".4 +-3 +-5 "05 +.6 -100 +-¢4 "'.5
48 cok i@ =a3 el ok a2 5 =S w7 A0 w5 b
51 —adi 442 =.4 0 ~-ob +el +,5 =.6 +.6 =9 +.6 =7
54, -5 +.2 -3 0 "'-3 +al 445 —e5 +o6 "‘-8 +.6 -7
57 —udy 442 "‘-4 0 "-3 Fak a5 "05 +a5 -—.8 +-6 -l
60 —ody +el =42 +ol =3 Fol 4.5 =8 44D -8 +e5 )
63 —ed +42 =,3 +ol —ods +e3 +ed —=ob +a5 -8 +.4 -5
66 -.5 +.3 --.3 L -t +oly +..l.’+ "‘-1’;. +06 —.7 +v4 ""-5
69 -5 +s3 =4 +ad  —aty +23 +a5 —b +e5 -7 #eb ~a0
2 —.b +oly —ob +el —ody +e2 teh —a3 +ek —e7 485 "16
75 -oli- +.4 -.5 +-.1 --l:]. +¢l +.5 '—.4 +g4 —.6 *.6 "'06
78 —e5 423 —uk +.1 "'14 +-3 +e5 =ab +.4 ""06 +a5 —e2
81 —e5 443 —4d 0 =-.5 tols tols =—e3 ek ""-6 +ady —sl
84 —oh  +e2 -a5 0 =5 +efe +e5 —e3 +ady ) +eols 0
87 ~—oh a2 —.Zp —al -._.if., +a3 +.5 =4 +-5 —.8 +04 ~e2
90 -l4 +l3 "t£_|- 0 _.4 +02 +.4 ""-3 +.4 —.6 +.4- ".3
93 —ady *42 =k 0 —=u2 $el tady =83 Feb gl s -3
96 _DA Fgl "'.4 —el =42 +ll “‘04 -03 ‘{'04 "'-6 "'04 "'i3
99 —odi  +ol ‘—-3 —el =—e2 s +.4 —ols  +ady -ré +ods "02
102 "'.3 +01 —;2 -l “|2 4"1 +CZ+ —-4 +I4 "*t6 +03 "‘1
105 ""03 0o -.1 -l "'.3 +al +04 --3 4.5 "-’6 +12 0
108 =2ty +al =.3 -l =.3 +.1  +.d =2 45 -5 +43 (6]
111 —ods  #4l =43 -1 =1 0 4¢3 =2 +.4 —ols  +e3 —ol



TABLE 2 (CONTINUED)

Results of Accuracy Tests before Endurance

Errors in Degrees

Generator Motor No. 15 Motor No. 1 __
Setting 115Volts 103.5Volts 126.5Volts 1l5Volts 103,5Volts 126.5Volts
in 60Cycles _€3 Cycles _55 Cycles 60Cycles _65 Cycles _ 55 Cycles
Degrees cw ccii  cw CCW CW CCW CW CCW __CH CCW__CW cCcw
114 ~ods el —ud 0 -.l 0 +eb —a2 +a3 —~odi +43 —al
117 —ody  +al =4 ) 0 +.2 =l +,2 —ady  +a3 —el
120 -13 +4l —=,1 —-1 —.1 (8] +¢3 "'02 +az} "'ozl- +.1 0
123 —e3 +el sl I SR W | —el 4,2 —a2 +ed o R —ul
126 —e3 4.1 =1 —22 =2 0 +.1 -.1 +4 —als 0 —al
129 "‘14 0 —a —-l O '—cl (6] "05 +l3 "13 0 0
132 _02 O "‘a3 "'-1 +q1 —.3 +.l -!-.5 +.3 ""a2 -l-.l "‘-1
135 —.l 0 '—.2 O +.1 ".2 0 “"-4 +.3 "','2 +-l ~a1
138 —-1 —.1 —.1 "'.4 +p2 "-3 +11 "'06 +-A “‘".4 +02 "ol
141 0 -1 0 —oh o+l ~e3 +a2 =25 +ek e L =gl
144 -l =1 0 —ay (8] —ol  +ul =3 +ed -'A 0 0
147 "‘-1 -".1 0 —.3 +.l "02 +ol "'-zi- 0 -'04 0 )
150 "'Ql -'cl O '—01 +-1 "02 O "‘--4 ".1 "‘n3 +ol o
153 -3 0 =—sd -1 0 ~aR 0 —ob =1 —e3 +al —el
156 —e? 0 -1 -ol 0 ~al 0 =—e4 =21 -3 +.1 —e2
159 =2 0 =1 -=.4 0 -1 0 —oh -o2 -ty o -l
162 —e2 0 0 —oki —al 0 0 —-.3 =.l1 —odly —al C
165 0 _a]- +ol —-5 0 —ol 0] "‘.3 +-1 ".5 '_l.l O
168 -l =1 +._1 —oly 0 —ol 0 "'04 +ol "04 —al -l
17A -l =1 0 —s3 4l -2 0 -3 =el1 —e3 —el 0
174 -.1 "-l 0 -".t; ‘P.B —-4 "’01 -.3 —sl "'".4 0 "'02
177 O "-2 +tl ".4 +03 "‘.4 0 '_-0'6- O ""4 O —.'2
180 +ol —.3 +el —.4 O —.Zp 0 —ol; 0 —'-4 C _I2
183 0 "‘ol -i-.l —.1’; +.1 "‘.3 —.1 "‘n-ﬁ)— 0 "04 -ll _01
186 -.1 -.1 0 —ady 0 —e2 0 —¢3 =4l —aly =l -l
189 "'.1 O' "‘.1 —14 +'l —-3 ""-1 --3 "a3 "-3 0 --3
192 -l =l =.1 —s3 +93 —ol =al =—4h -3 -3 +.l ok
195 -l =1 =l -3 43 -3 0 =—u& =d3 —e3 +el —als
198 -l 0 —.2 -l +.1 —el —el —ob —.4 —e3 —el —t
201 —02 —'1 D "'"uB +|1 ".2 -.-1 "'.5 "';2 ".l‘g. “'.l _0-3
204 —.2 ".l 0 '—.4 +-l -t2 —al -.4 ".2 -.1& "".l _l3
207 '_-1 —.l O -.14. +.1 —.3 0 "olp —ll "'Cziv ""!ll -.4
210 0 -.1 0 -3 +a2 —e3 0 =ud =o2 ~vd 0 ~od
213 -1l -1 0 —a3  +a3 —a5 —dl =5 =a2 —~als  +al —ob
z-6 0 -1 (6] —n3 +03 —ols 0 --5 —a2 —oty +ol "‘o'll—
219 $l =3 0 =3 22 -ubk 0 -b =22 =3 0 b
222 D i st ek 4iB i) D B b owed wal vt
225 0 -.2 0 -ty 0 0 0 =o5 -4l —sdp =l —ols
228 “-1 —-2 'l'.l '—.zp +¢l "32 0 -46 0 —t!i- "'ll "‘-'-6
231 sal el B a dgl o 0 wh el w2 B b
234 0 =1 =1 =41 33 =3 0 -5 =3 -2 0 b
237 ~e2 =al —ul —s2 0 -2 =1 =5 =3 —al 0 —e5



TABLE 2 (CONTINUED)

Results of Accuracy Tests before Endurance

Errors in Degrees

Generator Motor No. 15 Motor No. 1
Setting 115Volts 103.5Volts 126,5Volts 115Volts 103.5Volts 126.5Volts
in 60Cycles _65 Cycles _55 Cycles 60Cycles _65 Cycles _55 Cycles
Degrees cw_ ccw oW CCW __CW CCW_CW_ _CCW _CW CCW _CW CCW
240 e T . 0 —oly +al -l 0 =5 =1 —oly 0] —ols
243 _.1 —Il 0 "54 ".1 O O "¢5 -.1 -azp “'13 "‘04
246 ok =gk tal —aldy 0 —al O =35 0 —sd —al —ols
249 "ll "“01 O —-.4 +..1 "'.2 O ".6 -.1 '-_.4 D _-5
252 -2 =1 =.1 —ad @R -3 0 -6 =.2 ~a3 +.1 -6
255 O —-l O "-3 +.2 —03 +.1 "-6 —.1 —u3 +¢1 '—-6
258 0 —-1 "-1 ".3 +.1 --3 ‘!‘n}. _.6 "'.2 ".3 +-1 _.6
261 Sed. =iad 0 —.3 +ol —a2 0 -‘.6 —al —ols ] —e5
264 -l "cl +sl —01]. 0 ".l +-l "'..6 0 "-4 —el ""15
267 0 RN S § —sly =l =51 dul =7 0 B R | —+b
270 — 0 -.1 —a? 6] 0 0 =6 =.1 -.7 0 —u6
2'?3 _'3 O "'".1 —-1 O -Il 0 "'.6 —.2 ‘-cb +-l "-6
276 —e? 0 -.1 A 0 —.1 0 =4b =:3 =6 0 —ob
2’?9 _-2 o —-1 —'3 _al O O "';6 "..1 ".8 —.1 "‘.6
282 -l =1 -1 —sdy —al 8] 0 -7 &l -8 =.1 -5
285 sl =pl  $ak ~els =—ol B 443 =7 gl =9 =51 ]
288 0 1 3.2 -4 0 =al  #pl =u8 A2 -.9 0 -4
291 -1 =2 0 -.3 -.1 —e2 44l =.9 0 -7 0 -7
294, et gt gl —od —al Se3 #HaE =9 .t -9 =.2 -9
297 -1l =1 +.1 —oif 4ol =22 $at =8 G A3.0 ial —ut
300 0 =3 2 —-sly +od el Aef D 42  AD agd -7
303 -l =1 +.1 —oly 0 —ed #ek =B a2 -.9 0 -7
306 sl =41 0 il Q el 3l =.8 +,1 -.9 0 -7
309 "-1 0 O ‘-.3 O —.1 'f--l —.9 —.1 "'-9 +-l "09
312 -l 0 -.1 = —e?2 +e2 —,8 0 -8 #42 -8
315 "ol 0] —.1 -.3 +.1 —al +t1 —'.7 —.1 --7 +.l "'-8
318 "03 0 0 --3 O _-1 O —-7 O _"9 0 ""48
321 -l =,1 0 —ody 0 0 +,1 =9 +.2 -9 6] ~ob
324 -1 -1 0 -l =1 0 +.1 -.9 =+,1 —2,1 -.2 -6
327 0 =2 +.2 -5 0 —el +.,2 =,9 +,3 -1.3 6] -7
330 6] "‘ul +-l "izi- 0 '_.l +32 --8 +n2 -1.1 'i'-l _07
333 —a? —al (6] -3 0 -1 +.1 -9 +.2 1.0 +.1 —a7
336 -2 0 0 —ody 0 el 4.2 <1,0 45 =l.d Q —.8
339 -.1 0 +.2 -5 0 —edl Fel =Lo0 447 -1.2 9] -8
342 —a2 0 +.1 -5 =.2 0 4,1 =.9 446 -l.1 =-.2 —e5
345 —ad =1 4.2 -5 -.1 0 4adl =9 3.6 ~1.3 —&2 —s5
348 "a2 0 +¢2 '—.4 —.1 0 O —-9 +.6 "1’1 “".1 -‘a-6
351 —'3 +ll O "IB --1 O O --9 +-5 —l.O '—'1 -.‘6
354 —ok 0 -.1 —e3 0 el =1 -. +e5 -1.0 0 —eb
357 "34 +.1 --l —e (8] —.l —-l ".8 +-6 —--9 ""a-l "'.5
360 -=3 0 +.l —ody 0 —sl =21 =,8 +.9 —1,2 ~«1 —oki



IABLE 3
Results of Accuracy Tests before Endurance
Errors in Degrees

One type "N" indicator-motor connected to 2 type "A" transmitter-
generator. Motor and generator set to electrical zero before test.
Errors merked (+) lead the direction of rotation, those marked (-) lag.
Thus a (+) error in the cw direction indicates the same geometrical
position as a corresponding (-) error in the ccw direction.,

Generator Type N Motor
Setting 115 Volts 103.5 Volts 126.5 Volts

in 60 Cycles _65 Cycles 55 Cycles
CW

Degrees cw ccw CCW__CW cCW
3 +42 0 +.1 -3 -.1 0

6 3.2 =3 #.1 -l 0 0

9 +02 —e? 4.3 -.3 0 -.1
12 +-3 —33 +-3 —a3 4.2 -2
15 +l3 —e2  +a2 “03 +¢3 "-3
18 +e3  —a3 +el —e2 +a3 —ody
21 +:3 =3 +.3 -l +.4 —ed
24 +ads '03 +.2 —.4 +ody —.3
27 +t3 —? +03 “-3 +.2 "l4
30 (¢} 0 .2 O 0 -.2
33 0 0 0 0 0 0
36 -1  +,1 0 0 =2 0
39 “14 +13 -Il +-1 —.& +.2
42 -5 +c5 —e2 +t3 ‘05 +|4
45 "05 +o7 -.4 O “06 +.4
48 “04 +o6 0 +¢3 ”.6 +¢3
51 “-3 +04 —ady 0 *06 +al
54 "‘03 "‘13 —-é '1'31 -04 0
57 “.3 +.2 -l¢ +.3 -.2 0
60 P T (R 0 0 0
63 -1 +,2 =.3 +,1 0 0
66 0 4+l =a2 +el —.2 0
69 —.4 +.4 “.1 *04 “-3 “01
?2 —.4 +-5 --4 +o4 -.4 +-4
75 _.5 +-5 '-& +¢5 -l4 +l4
78 5  rab =uk 46 —ub Tui
g1 -6 1,6 -6 +.6 =6 +46
84 -6 1.6 .6 +.6 =46 +46
8’? "'.5 +a5 —-6 +15 _06 +.6
90 ~e5 4.6 -6 +.6 -.6 +.6
93 “n6 +-6 -I6 +-6 -.6 +¢6
96 "05 +c6 —.6 +.6 ‘05 +n6
99 -.5 +Q6 "'05 +'5 ".5 "'05
102 -4 4.4 -lh +ady —ady +e5
105 —.3 +03 --2 +ol —.2 +.5
108 —e3 +e3 =a3 +e3 =k +;2

111 —ody +oly —abs +ols —o5 +obs



TABLE 3 (CONTINUED)

Results of Accuracy Tests before Endurance
Errors in Degrees

CGenerator Type N Motor
Setting 115 Volts 103.5 Volts 126.5 Volts
in 60 Cycles _o©o5 Cycles _Z55 Cycles
Decrezs oW CCW __CW CCW__CW cow

114 —ody +ole —aly +ed —oh +ah
117 SO TR S R +ols —a5 +24
120 -k +aly —ak +eh —eb +ody
123 -s5 +e5 —ak +als —b +a6
126 —ods +als —aly +ody =<5 +e5

128 —ody 4ok —ad +ed =a5 +ek
132 "cll- +I3 _-3 +03 "'3 ""3
135 —e3 442 —a2 +el —.1 +e2
138 —e2 442 —a2 +al 0 0
141 —el  Fal —=a2 0 0 0
144 0D = 6} -1 0 —.1l
147 0 -1 € —el +al 0
150 0 0 O —el 0 0
153 8 =i ¢ —ol (@) e
156 S ) 0 -l 0 0
159 0 ak 4l -1 =2 +o1
162 0 0 0 -1l =3 +o3
165 +ol —ul +.d A 6]
168 0 "-l +.3 "‘03 O 0
171 0 0 +.2 —.l 0 ]
174 +e2 =l 443 —e3 442 0
177 +¢2 —-3 "'ozlv "‘af& +.2 ‘—-3
180 +.3 ".4 +-¢‘+ "‘13 “-"03 '_04-
183 +.3 “14 +¢3 —.i,-. '!'al} -04
186 +23 —eb +ek —ok +43 —od,
189 +.3 —03 +.4 "04 +.3 —.2
192 +43 —e3 +eb D -3
195 +e3 _03 o3 —.3 +a3 —al
198 6] €] 0 —.1 0 0
201 -1 o+ 0 0 —a2 a2
204 0 0 +el —el @] +e2
207 0 0 0 0 =3k +al
210 "'cl +o1 ] 0 "-1 +.2
213 0 +.1 0 0 =.2 +e2
216 0} 0 0 0 Q 6]
219 0 0 0 0 6] 0
222 0 =l +.l —e3 O 0
225 +al —u2 +ekh A 0 0
228 0 0 +a3 -l o 0
231 —el  +.d 4.l -+l =.1 ;4
234 -1 +.d 0 0 -.1 o
237 --3 4‘53 "_l'2 +.l —-4 +.3



TABIE 3 (CONTINUED)

Results of Accuracy Tests before Endurance
Errors in Degrees

Generator Type N Motor
Setting 115 Volts 103.5 Volts 126.5 Volts

in 60 Cycles _65 Cycles 55 Cycles

Degrees cw CCW __CW COW__CW cow

240  =u3 +eh =43 +a3 =4 +ols
T Ay TR SR
246 - o3 —ud +.1 -4 ++4
249 "'-3 +.b -.3 +s3 —edk +ody
252 -3 tady —ods +ob =iy +3
255 -3 +.3 -.4 +ol, =.2 +a3
258 —udy +ols —udh +ol —ud +03
261 =od ek =a3 +e3 ~a2 +42
264 ~e2 443 =.l +el1 -—-.2 +.1
267 —e2 +e3 =42 I | +.1
270 "‘03 +e3 "'-4 +v3 ~oy 443
B wF s Sk e ke (] S5
276 ""04 +os —od o2 =u5 +eoly
2’?9 _Izb +l5 _-A "'03 _GS +16
282 by +eh —=.3 ++3 =.b +.6
285 =3 43 el +.1 =.5 +.5

288 =23 W3 =.1 U =4 S
291 -3 43 —a3 +eld —ab oA
294 -3 +e3 =l +el =u.3 +43
297 ~e2 443 =dd 0 =-.3 403
300 —eR  +a42 0 0 =.2 e
303 =xll - #al 0 0 -.1 o2
306 -1 0 +.1 ~.1 0] 0
3@ —¢2 +.1 (9] 9] ".l +|3
312 0 +el +.1 c -,2 a2
315 —'02 +.2 0 O —-2 +D3
318 -3 #.3 -.2 +el —uk Yl
321 -.3 +e3 —.2 +.1 =4 +ody
324 —.1 +a2 0 0 -.4 +ady
327 0 +.1 6] —a2 =.2 +e3
330 0 S (6] 0 =2 +e3
333 0 0 +.l -1 =.1 +el
336 e ! I = | -3 o 0
339 +3 = +o4 —ol +a2 -2
342 +.3 =3 +.4 -4 4.4 -.3
345 +.4 =uh 4.5 =k +J bk —edy
348 +-3 -.-4 ‘!‘.4 "'04 '!'-3 "n3
351 ‘!‘.2 —.3 +n4 -04 +-1 —e2
351; +.A "v3 +aly "‘04 +a2 —al
357 +o3  —el  +e3 -3 0] -2
360 +.1 -1 4,2 -.1 0 0



Tyce "A" transmitter-generator connected to © type "M" indicator-
lotors and generator set to electrical zero before test.

motors.

(-) error in the ccw direction.

Errors in Degrees

TAELE 4
Results of Accuracy Tests After Endurance

Errors
marked (+) lead the direction, those marked (-) lag. Thus a (+) error in
the cw direction indicates the same geometrical position as a corresponding
(115 volts, a.c., 60 cycle supply).

Generater
Setting MOTOHRS o
in No. 15 No, 1 No. 9 Np. 5 No. 10 Nos 20
Degrees Ccw _©CH ©W CCW __CW _CCW CW _CCW CW CCW CW CCW
3 0 el i =al w3 weF =05 ek w3 4uh 2 a3
o) 6 Sl AR 0 Se? #e3 ik #ih el teh el 4l
g =200 S ] ol 0] w2 Eady Sekh wah w3 #3d il +eoll
12 gl B =% —oly +a el el —ols  +ab —e2  +aR
i5 -l 0] 0 =-.1 sy ted —o5 4k —ads tal  =e3 +dl
18 —.2 O "'-1 O “'-Z& +03 _05 +ob _-5 +°£I- _--3 +'3
21 o 8] § 0 o +62 b +e =45 #u3 —ud +l
B 0 0 0 =od a3 #al =5 4ad —ed 23 =43 44l
27 B =& 0 =32 a2 O  =—h +eb  —oh 4.2 =42 O
30 D" el 4,3 =3 %ol 0 =ed +e2 —uh el =42 0
33 0 =3 5 —e3 0 = *22 =pb +pl =a2 =l
3o 0 =43 sal =ab —2  —al -3 +.1 —oh G -l -.1
39 +.2 ".3 -1-13 "04 "-l —-l '--2 +02 '—-2 +.1 0 -‘.1
42 ¥ad i3 O A= O B e 352 =l a2 0 0
L5 o R A g 3.1 G #3 eul 3u3 0 C
48 +eh =43 +.5 —.4 0 -.1 0 +a1 0 +.1 +el —al
51 Yok —ak 555 —ub 9 -1 G .4l 0 +el +el =l
54, T90 +sh =45 g ~3 8 et G 0 0 -1
57 +3h =55 45 =¢b g =al 0 i 0 0 Q =2
60 stk g +ud, =ob 0 =33 0 el sl 0 0 -2
33 +¢5 "‘-05 +05 _96 - O —né; '!'-3 0 +'3 H"l +‘l —.3
6{') “'-6 "06 ‘F‘t& "'t’? +.l —-f;. +a3 —-l +43 _‘1 ""2 "'4
69 +a5 —46 +46' "‘or? +.l —ia +.t+ —02 +'4 '_'2 +"2 _'4'
72 svh =] 445 =9 O =46 4T =3 #ad =wh el w5
75 ZONT R ) S el —ab @ Lall +el —oh 4.l -d5
7 woh =gl +e5 =9 0 =6 +s ~e3 #ed =ofy +al =D
81 +2b =l  wab =10 62 =¢b  tah =23 4wk ok tad <5
84 b = awl S $o3 =6 2.5 —abh  *s5 —sh e =43
87 el el +a7 =B +22 =25 +65 =4l +e5 —udh +e3 =k
90 195 —ab 196 —d9 sl —u5  #eh —al ek =sh  +e2 ~ek
93 +05 "-6 “1'-5 "-9 +ol _-5 +l4 —.1 +O4 "-‘6 +.1 "‘.5
96 twk wad =0 O «ib +eh —ed Tk =6 #al =5
99 vl s wek =49 0 =6 .2 =1 4s2 =46 0 -5
102 tody =ub  +ah —4B O 28 tek =i Fal = 0 -4
105 toh =ob +eh —o9 O =5 331 =41 sal =i 0 -4
106 +03 '_.-6 +-3 _pg 9] —-6 s § "'03 +el -7 0 _‘6
111 ol =¥ _ sal #Qel il b 0 <o 0 -.8 =1 -6



TABLE 4 (CONTINUED)

Results of Accuracy Tests After Endurance

Errors in Degrees

Generator

Setting MOTORS
in No. 15 No. 1 No. 9 No. 5 No. 10 No. 20

Degrees ow cow _CF ¢ow _CN QCW CN _Cow _CW __COW _CW _cew
114 0 *67 +.1 "140 -.2 —.6 0 —04 O —.8 -.2 “.5
117 +.1 “.7 4.2 —‘9 —11 -06 +-1 -03 0 —.8 —-1 —-5
120 O =5 +a2 =.7 L A 0 =-.1 0 =6 =l -4
123 +a2 _04 4’!3 "'I6 "'01 _02 +l1 O —-1 —.5 0 "-1

126 $a2 =u3 53 =ub =l =ag Fed (8] +22 —e5 0 =l
129 3ol 2  #ed mmh  =md =wd 5T 4,1 #el I  =al 0
132 0 =3 0
135 0 =2 0
138 ol =ul 0 agh  sah R AR wpl e wud 0
0
2
1

1/ -2 0 -.3 -04 0 8 +03 -l -2 --5 +-l
144 "-3 +.1 - *ol -04 +-1 —-3 +04 —-2 0 “t& +03
147 "-3 0 - -1l —oly 0 “-3 +43 —e2 —al —ady Y |
150 —.3 0 —.2 —.3 _15 0 —03 +-4 ﬂ.j 0 -.5 +rl
153 —-4 0 -y -03 "05 0 -'5 +a2 ‘-4 -.1 --5 +al
156 —-4 0 "04 —-3 “'6 0 ‘05 +-3 *04 --1 —.6 +.1
159 ‘04 +al “-2 0 -nﬁ +02 —-4 +03 “GA 0 -'5 *.3
162 —ads +n3 -03 0 --5 +-3 —odi  +ed “-4 +t1 --5 +-4
165 - +o3 0 (&) --.5 +.14 --.3 +o2 -2 +-3 -05 +ol&
168 —-3 '?03 -1 8] —ols +-3 —-3 +oly —e?d +al -5 +ad
i71 —oly +¢3 —.2 0 -5 +03 —ody  +ed “-3 +el —ad +als
174 _OL +03 '03 0 “05 +¢3 --4 +.3 _03 +¢1 —-5 +¢3
177 -5 +.4 =3 O =ob +sb —ob +3h =3 +sl b <+
180 -6 +.3 =.3 O b %o =o5 +sh =sh #e3 =40 =2k
183 ".4 +03 ‘—.1 0 -'.5 -I-.j —.4 +.3 --3 +.1 _.5 +.4
180 —eb 4l =2 =3 =5 0 b 43l =42 =21 =45 +.3
lcg -.4 +l2 “_o2 0 "'.S +.A -‘.4 +n2 ".4 +01 --5 +.4
192 —ofy +el =a2 O gF 3.3 <5 #al i +l =B b
195 —ods 441 0 =1 =sbd +.2 =3 #.d =02 1.1 =5 b
198 —od #.1 =2 O =o5 +eh  =2d +3 =3 +l =46 +ed
201 ~e3 4.2 =al 44l  =ed #25  —edh +e3 =1 44l =ub +s5
204 Sol #elp Wk Hudl =l wad —ad wad 0 +.,3 =2 +.4
207 0 %63, +3 ¥4l ol %5 =3 Wb 0 4.2 =a3 +5
210 —.l +.1 +.1 0 -;1 +.3 “aA +.2 -.1 +ol -.3 +!4
213 -1 0 =1 0 =od Sk —sk el 0} G a3 a3
216 ".1 0 +.1 0 ‘-1 +03 —¢3 +.1 0 +.1 -ul +.4
219 —al 0 +.d 0 =l +.2 =3 +.1 0 0 =42 +3
222 0 0 4.3 0 0 +#,2 =1 +,1 4.1 0 =l +.3
225 ¢} 0 +.3 -.1 0 3,13 =1 =i el 0 0 +.2
2.28 +.2 _'1 +.4 -02 0 +.|1 0 "‘.1 +.1 "'.1 0 "1-.1
231 +41 =.3 +42 “-3 0 0 —ol =2 +el —-3 —el 4.l
2?4 +.1 -03 +¢4 —04 +01 0 0 -.3 +-2 ".3 0 0
23? +93 -03 +-5 -.4 + 1 0 0 --3 +.3 -2 +-1 0



TABLE 4 (CONTINUED)

Resulds of Aceuracy Tests After Endurance

Errors in Degrees

Generator

Setting MOTORS
in No. 15 Ne. 1 _ _No.9 No. 5 No. 10 _No. 20

Degrees CW _CCW _CW_ _CCW CW _CCW _CW CcCW CW __CCW CW  cCwW
2AO +'4 -03 +06 —03 +03 0 +al —.1 +.£ —.1 +ol +.1
243 wult =a2 el =3 wad G 3.6 =l .S =l angt 0
246 +06 -3 +48 —ods +e5 0 +ody =21 +e5 —2 +ads 0
249 Wb Feh 9 ol S 8 fd a3 Heh =23 a4 6]
252 +e5 —od +al =k +ady 0 tedy =23 +e5 -—u4 +-z_4- —al
255 +o5 “-5 +07 —vs +.& -ll +92 —-3 +.3 _13 +03 —.l
258 Tl =g B b aalh =l S22 el Augd uh wed =gl
261 +'6 '—'5 +|? ".6 "‘.4 _l2 +i2 "‘.4 “'01} "05 +¢4 _-2
264 3 b ARl S Wad 23 5l =5 b b el S
267 +o0 =B 47 =T i =2 32 =5  edh —sb  2ad -3
270 b +a7 =<8 +ody —Jb b2 —ab +obs =ab +edy  —ek
273 +.6 -8 +.7 -.9 +ofy =5 Fol —.6 +oby —u7 +04 ~sts
276 +.6 —.8 +.7 -09 +ed  —odi " +ols “aé +ols —ol
279 +eb0 =27 4.9 =8 4.h =uh 142 =ub Fuh =B +dh -l
282 +a7 =.7 ++9 -.8 taly =3 1ed B toh —ob +obs —ol
285 #3048 =l 4.5 3 a3 w8 Hedh =d ke =k
288 446 b 44T =T 4.5 =2 403 =45 ek =5 4e5 sk
291 +e5 —4b +ab  =.7 +els —al +al =.5 ++3 =ub +ob  —ad
294 +oti “.6 +.6 “-6 +obs —=J L4 +ol -5 +42 =45 +ad —ab
297 +.3 —¢6 +.5 —.6 +.3 —.4 O —,5 +.1 —ns +.2 —.4
BDO +l3 “36 +.5 —.6 +'1 “03 “01 “-4 0 -.4 S (—
303 +¢4 —oy +a5 “06 +22 —al -l -.3 0 —dy Hal —ulb
306 +-3 “04 +¢4 —.6 (¢ -ol ".1 “!3 —.1l -03 +ol “IB
309 +-3 -5 +ods —06 0 -.1 -l —ud —el —ody +al =42
312 +.1 —.5 +03 —.6 O --1 —c2 ”-4 “-l —05 O "-3
315 ‘l"ol '_'5 +.3 "'-6 0 —"2 -‘.1 -.3 ".2 "-Ia 0 —01
318 +01 —.4 +.2 -.6 O '.l _03 --l --3 “!4 0 —.1
321 +.1  =.3 +e2 —ol 0 O 3 =3 =2 =1 (6] Q
324 +e2 —al +ady =42 (0] 0 =2 35 =1 0 0 0
327 +e2 € 3 =3 0 +a2 —s2 #8585 =2 sl 0 +,1
330 +.1 0 +.3 -1 0 +.1 ‘-3 +-5 --3 +l3 0 +'1
233 O =3 #edl =1 =1 30l =sh #eb =23 2.3 =1 wdd
330 -1 0 0 =3 =3 32 =5 #wb =5 423 —3 4el
339 -l 0 0 0 =uf #3 =5 NT =5 14 ~+3 +e¢3
342 -l 8 =3 =0 =& +3 malr Al el bk ek el
345 Sed.  dwd B =k =k 53 b a5h =5 awh  swd) 952
348 —ad B =d tel  =gh 4@ =B e =uF w3 wedk
351 —.2 8] “ol “|2 -u4 +|1 "36 *;5 --6 +.1 _-4 0
354 -1l =1 0 =3 <=.L 0 —eb +.6 -.5 +dd -4 0
357 -l 0 0 -2 =4 +.] —e5 4B =45 +.2 —ods 0
360 —»l +.1 +al -.1 —.3 +.2 —.5 +‘6 —.4 +.4 --4 )



TABIE 5
Results of Accuracy Tests After Endurance
Errors in Degrees

Type "B" transmitter-generator connected to 20 type "M" indicator-
motors. Error of only 2 motors recorded. Motors and generators set to
electrical zero before test. Errors marked (+) lead the direction of
rotation, those marked (-) lag, Thus a (+) error in the cw direction
indicates the same geometrical position as a corresponding (-) error in
the ccw direction. (115 volts, z.c., 00 cycle supply).

Generator Generator
Setting Motor Motor Setting Motor Hotor
in No, 15 No. 1 in No, 15 Ros 1.
Degrees CN__CCW CW cow Degrees CH__CCW CW CCW
3 -2 0 0 -.2 114 —a2 0 =1 -4
6 —a2 0 0 -.2 117 -l =1 =1 =1
9 '03 o —ll "‘.l 120 O —.1 0 "'01
12 -.3 3 el =i 123 0 =3 0 =2
15 -3 2 L & 8 126 0 ~.2 0 =2
18 —oly 0 =,2 0 129 0 =u2 0 =2
21 —e2 +el =02 0 132 0 =.2 0 =2
2& "04 +ol —.3 0 135 0 '—ol 0 _03
27 ".1} +.1 --3 +lt1 138 -'.-1 "-1 0 --2
30 ---’4 +ol —‘-3 0 14.1 —.1 ik 0 -.2
33 -+5 +43 —ody  +al 144 0 =.3 0 -3
36 —edy +al  =.3 0 147 0 -.3 0 =.3
39 —fp #al =3 0 150 0 -.2 0 -.4
42 —uz', 0 -,3 0 153 O “'03 0 '—-3
45 ~23 0 =1 0 156 0 =3 +.1 =—ud
ll'8 ""!2 0 _01 -.1 159 +¢1 ".4 +.2 "".4
5:!— -.A 0 ".3 0] 162 +.1 —.4 +.2 '04
54 "'-4 +.1 —-4 O 165 D —'cl} +¢3 --t5
57 "'5 ‘!‘ol -.4 O 168 ‘f;_al "'l.:{d. "3’.3 ‘_05
bo "'.4 +¢l ’_-Zﬁ 0 lr?l O _I4 +02 _.5
63 '—.4 +:1 —.3 0 17(; 0 '—ol'-';» +.2 -05
66 -'OA +¢1 -.3 (8] 177 0] "l3 '5'02 -'.5
69 S B 0 180 0 =.2 4.2 =5
72 "'.4 +i1 ".3 +.l 183 0 "03 +02 --5
75 ok Ml =3 O 186 0 =42 442 -5
78 —aly 0 =23 (8] 189 0 =23 4+l =25
g1 IR SR 0 192 0 =3 #al -
84 -3 0 =1 =1 195 0 -2 12 -4
87 =5 0 ' | 198 0 =3  +ad1 =u5
g0 =53 - 0 201 +el =eh 442 =d5
93 -3 0 —aR 0 204 0 -.3 +e3 =—o5
96 -14. 0 ".3 6] 2‘07 0 -‘13 +12 -.5
99 --4 0 "‘.3 0 210 — --1 +.2 '—l4
102 -3 ¢ - 0 213 -l =1 +d -4
105 —a? 0 =43 =-.d 216 o2 =31  $ad =ub
108 -2 0 =2 0 219 s —al #al =3
I E —a2 0 =1 -. 222 —e2 =.1 fal —=af



TABLE 5 (CONTINUED)

Results of Accuracy Tests After Endurance

Errors in Degrees

Generator

Setting Motor Motor
in No. 15 Nos A1

Degrees W _ccw _CW._ ccw
225 -2 0 +.1 .4
228 -1 -.1 +.1 =—-.4
2331 -l =,1 +21l =3
234 -2 0 0 -.1
237 -1 =1 0 -.3
240 ol il Rl el
243 "'cl --l +.1 "-3
246 -l =51 0 =.3
249 -2 =1 0 -.3
252 —a2 0 0 =-.1
255 —e2 0 0 =3l
258 -3 0 0 -.1
2bl ".4 +'cl —cl _.1
264, -2 0 0 =.1
267 —2 0] 0 -.1
270 —e3 0 0 =-.1
273 —l4 O —-1 0
276 "'"bzi- O "'tl _.1
279 --3 O -01 "al
282 -2 0 0 -.1
285 —s2 0 6 -2
288 -3 0 -1 =-.1
201 —.3 0 =.1 0
2@4 —.& +.1 —nl 0
297 Sk ELl =l 0

Generator

Setting Motor Motor
in No. 15 _No. 1

Degrees CcW CcoWw CW CCW
300 e+l =l 0
303 "ozf +.1 -..1 0
306 ""-zl- +42 —e 0
309 —.4 + a2 "13 0
312 "_tl-‘-lv 4'.2 -‘03 0
315 '---ZI- +l1 -’l3 0
318 —edy +0l =5l 0
321 —ody +el =ad =l
324 —e3 +el —el =,l
327 —a2 0 0 -l
330 -3 +.1 0 -.1
333 —IZI' +¢2 -.2 0
336 —ody 0 =4l 0
339 —oh  +a2 —o2 0
342 —.4 +.1 -’2 0
345 —03 ""1 —.1 1
3-{}8 "—33 +-1 ""nl (6]
351 "'-3 +ol —el 0
354 "-4 +;1 —al 0
35'? "‘.3 O 0 "'a-l
360 —e3 4.l 0 -



TABLE 6

Results of Accuracy Tests After Endurance

Errors in Degrees

One type "N" indicator-motor connected to a type "A" transmitter-
generztor. Motor and generator set to electrical zero before test.
Errors merked (+) lead the direction of rotation, those marked (-) lag.
Tus a (+) error in the cw direction indicates the same geomeirical
position as a corresponding (-) error in the ccw direction.
a.c., 60 cycle supply).

Generator
Setting in Type N Motor
Degrees cwW cow
3 ""'.1 — -3
6 +ol -ty
9 0 —ody
12 0 -
15 +.1 _-4
18 +o2 ”-5
21 +al —ols
24 +¢3 ”-5
27 0 -.3
30 —a2 -2
33 —03 —.1
36 “#4 0
39 -t sk
42 -6 +o2
45 -5 +al
48 —ub +a2
51 —6 +23
54 “q& +.2
57 -05 +-3
c0 —|6 +-3
03 -6 +a3
66 -5 +ed
69 -7 ol
72 -8 ++6
75 “09 +-7
78 -1.0 +e3
a1 -1.1 +1.0
B84 -1.0 +29
87 =1,0 +.9
90 -1.1 +1.0
93 -1.1 +.9
qb —l.O + -9
99 _1.0 +g8
102 -1.0 +46
105 -9 +45
108 —-9 +05
i 1 -1.0 )

(115 volts,

Generator

Setting in Type N Motor

Degrees cw ccw
11# -09 +05
117 1.0 + o
120 == I +al
123 1.0 oD
126 —ig +v5
129 ‘-8 +ole
132 -2 +.2
135 _05 +02
138 -5 +2
141 “-3 O
144 0 —e3
147 0 —.2
150 0 —e3
153 ‘|“ol _lB
156 +ol —a2
159 +ol —e3
162 +-3 “-4
165 +-2 "05
168 +I3 "05
SRTEE +oly —36
174 Lak =46
177 +¢6 -lg
180 $u —e8
183 #40 -9
186 +-5 —09
189 +-6 "08
192 +.5 —.7
195 +ody -7
198 +of; -ob
201 +42 —o
204 gt -.b
207 +ok o4
210 0 —ods
213 0 ol
216 0 -3
219 0 —oly
222 0 -k



TABLE &6 (CONTINUED)

Results of Accuracy Tests iAfter Endurance

Errors in Degrees

Generator Generator

Setting in Type N Motor Setting in Type N Motor

Degrees cw cew Degrees cW cew
225 +al - 2G4 -1.0 +a7
228 "ul —.2 297 --9 +06
231 —yR == 300 -9 +»5
234 —-3 O 303 —'-8 + 04
237 —ody G2 306 -7 +al;
240 -6 +ad 309 -7 +9
24'3 "'6 +a3 33—2 —-6 "'05
246 -6 a3 315 ~.6 +uly
249 -.7 +ud 318 —28 +ode
252 “.7 +.1|. 321 _‘ﬂ'? +l5
255 -7 oy 32L gl tuds
258 —e8 +e5 327 -.5 +43
261 -.8 +ols 330 -5 +a3
264 —.8 B 333 -l +e2
207 -.8 +ady 336 -.3 0
270 -1 .0 +-4 339 0 “1.3
273 -1.0 G 342 0 -4
276 -1,1 +a7 345 +al -5
279 -1.1 +.8 348 0 —~uls
282 -1.1 +48 351 +42 -5
285 -1.0 2ty 354 +,1 A
288 =1 .0 il 357 0 -2
291 -1.0 ] 360 =l

—Il



TABLE 7

Torque, Torque Gradient, and Maximum Torgue in Inch-Ounces -
Single Type "M" Motors Conmnected to a Type "A" Generator -
115 Volt, 60 Cycle Supply

Displacement
in Degrees
from Electrical __Motor Numbers
Zero 15 1 9 5. 10 20
S
i 4 .30 «30 29 ol .28 «30
2 »59 .58 «59 «55 « 57 .58
3 -89 .90 +88 .83 .86 .89
4 1.20 3119 BN 1,10 i 8 5 1.19
5 150 - 1245 145 1.38 145 1.49
6 1.80 1,74 13703 1.65 1.73 1.78
7 2,08 2.03 2.00 2.01 2.01 2,05
g 2800 2532 2.29 2435 2e34 2.37
9 2.69 2,61 2.58 2.60 2.00 2.66
10 2.98 2.87 2.87 2.90 2.91 2.96
cow
L .30 27 27 «29 31 +29
2 .60 -58 lsr? .60 658 -59
3 .89 .86 B4 .88 .88 .88
4 1.22 1.17 Fo3s 1.18 a7 1.19
5 1,50 1.46 1.40 1.48 1.48 1.48
6 1.80 1.77 1.70 1.76 1.79 1.79
7 2«13 2.07 2.00 2.07 2.06 2,32
8 241 2.36 2427 2.37 237 242
9 2.72 264  2.58 2.67 2.65 2,713
10 3.02 2.95 2.85 2..97 2.95 3.02
Torgue
Gradient .30 .29 28 .29 .29 .30
¥ax, Torgue
CW 20.45 21.50 23,76 21448 21,30 21.05

Max., Terque
CCW R3.45 23,38 22,85 23,25 24,10 23.28



TABLE €

Torque, Torgue Gradient, and Maximum Torque in Inch-Ounces -
Single Type "M" Motors Connected to a Type "B" Generator -
115 Volt, 60 Cycle Supply

Displacement
in Degrees
from Electrical Motor Numbers
Zero 15 1 9 5 10 20
1 A o43 o 42 40 +39 oh2
& «88 .86 .58 84 .84 «87
3 1.34 1.28 1,28 1.27 1.31 1.32
4 1.78 1.70 1.68 1.69 1.72 1.75
5 2.26 2,13 2,10 2.16 2.17 2.17
6 2.68 2.55 2,52 2452 2.60 2,60
g g 3.10 3,01 2.95 2.95 3.06 3406
& 349 345 3.35 335 3. 3.50
9 3.90 3.85 3.78 3.75 3.95 3.92
10 4433 Le24 4e31 4,18 44,38 437
ol
1 +43 43 43 43 45 obd
2 87 .85 .86 .84 .88 .86
3 1.30 1.28 1.30 1.28 1.33 1.32
4 1.74 .71 1.70 1.69 1.76 1,78
5 2.22 2.20 2.14 231 2.16 2.18
& 2.66 2,58 2.56 2,52 2.62 2.62
Z 3.11 3.00 2,99 2.96 3.05 305
8 3.56 3ebdy 341 3.36 3450 3e447
9 3.99 3.88 3.83 3.82 3.91 3.91
10 4439 4431 4423 4e27 4.36 4.35
Torgue
Gradient -M l43 -43 042 -44 .M
Max, Torque
CwW 33.9 3446 36.3 3643 36.4 39.7

Max, Torque
CCW 38,6  36.8 39,8  40.0 39.9 41l.1



TABLE 9

Torque, Torgue Gradient, and kaximum Torque in Inch-Ounces -
Type "B" Generator Connected to Type "B" Generator -
115 Volt, 60 Cycle Supply

Displacement in Ci ccw
Degrees Torque in Torgue in
from Electrical Zero Inch~Ounces Inch-Cunces
R stk .76
2 1.48 1!49
3 2.19 2424
4 2469 2,96
5 3.61 372
6 434 bLalids
7 5.05 5s15
g8 5,76 587
9 ©.50 6.60
10 716 7.36
Torgue Gradient . 726
Maximm Torque 86.3 90,0
TABLE 10

Torque, Torque Gradient, and Maximum Torque in Inch-Ounces -
Type "N" Motor Connected to a Type "A" Generator -
115 Volt, 60 Cycle Supply

Displacement in cH CCw
Degrees Torgue in Torgue in
from Electrical Zero Inch-Ounces Ench—Ounces

1 064 suil

2 wlio2 .196

3 243 «291

4 «350 376

5 0425 .4»61

6 »506 T

H 600 629

8 687 e t23

9 i o5 . 795

10 .862 .887

Torque Gradient 0875

Maximum Torgue 543 4o 9T



TABLE 11

Oscillation test - time (in seconds) required for pointer to come to
rest as determined by oscillographic timing using pointers furnished
by manufacturer. Results marked () were obtained after the endurance
test. All others were obtained before the endurance test. 115 wolt,
60 cycle supply — Motor skafts horizontal.

Type of Motor Degrees Seconds for Pointer
Generator No. Displacement to Come to Rest

A s S 180 1l.71
A 9 180 #1.63
A 5 180 2,01
A 20 180 1.76
A 35 180 1.88
A 15 20 1.73
A 15 20 1,18
A 15 10 46
A 15 5 «31
B 1 180 1.60
B 9 180 1.1
B 5 180 ¥ 466
B 10 180 1.95
B 20 180 1.95
B 15 180 1.78
B 15 90 #1.,03
B 15 20 1.0

B 15 10 .60
B 15 5 12
A N 130 2,30
: N 90 1.46
A N 20 «73
£ N 10 .63
L Hl 5 45



TABLE 12

Maximim Temperature Rise of Windings During
Endurance Test at 65°C. Results given in °C.

One type "A" transmitter-generator connected to & type "M"
indicator-motors. 115 volt, 60 cycle supply.

Indicator Motor No. Windings Measured

S1-5» ) Ry-R3 Ry-R3

2 21.0 18.0 16.7 175

8 20.7 1447 15.0 14.5

11 24,0 36.7 18.0 2645

14 22.0 17.5 14.5 16.5

15 27.0 16.2 16.5 15.7

17 2242 16.0 1640 19.5

Type "A" generator 20.25 12,75 12.75 13.25



TABLE 1

Maximum temperature rise of windings during endurance test at 65°C,
Results given in °C, One type "B" transmitter-generator connected to
20 type "M" indicator-motors. 115 wolt, 60 cycle supply.

Indicator-Motor No, Windings Measured
$1-52 By-Rp Fp-Ry  Ry-Rs
1 34.7 19.2 19,2 27.0
2 19.2 16.2 17.5 18,3
3 18.0 11,7 11.5 9.7
4 19.2 12.5 12,0 12,7
5 18.0 8.2 12.0 9.0
6 2542 17+5 1945 21.0
7 21.0 1le5 6475 1045
8 19.5 15,0 12,7 17.5
9 21.7 4345 13.5 135
10 18.0 18.0 16.7 15.0
11 2542 2447 19.2 2242
12 2542 16.0 17.2 18,7
13 17.5 11.2 1445 15.0
14 40.25 18,7 13.5 12,0
15 25.0 20.5 16.5 19.2
16 15.0 847 7.2 10.2
17 21.2 12.0 15.2 1642
18 18.0 16.0 12,0 21.0
19 17.7 13.5 27.0 27,0
20 23.5 12.0 15.0 17.5
Type "B" generator 31.2 19.2 19.5 2042
TABLE 14

Maximum tgmperature rise of windings during endurance test at 65%C. Results
given in “C. One type "A" transmitter-generator connected to one type "N%

indicator-motor. 115 wolt, 60 cycle supply.
Windings Measured
51-5; By=> e B

Type "N" motor 31.2 27.0 26.5 27.0

T?pe nAN genera'bor 34.2 30.0 27 ¢2 2605



TABLE 1
SUMMARY OF ACCURACY TESTS FROM TABLES 1 to 6, INCLUSIVE

- Range of errors and maximum errors - in degrees
Condition Motor No. 15 Votor No. 1 Motor No. 9 Motor Nos 5 Motor No. 10 Motor No. 20
(Table 1)
Before
endurance cw CCW CcW CCw cwW ccw cW CCW oW CCW CW CCW
115 volts,
60 eycles +03=140 +.9=0d  +1.0-e8  $.9=1.2 +65-0T 46606 +.5-4T7 +:6=05 +4h~T +.5-45 445=4T7  +4b=ib
103.5 volts,
65 C‘ycles +‘2“1.1 +¢9"’.£|. +l.0“".8 +¢O""l|3 +tz+--8 +-6_a6 +.3'—-8 +|7"15 +.4"¢’? +.6_-5 +.5-'.9 +.7'—.9
126.5 volts,
55 C}"Cles +;4"'¢9 "".7—-5 +110“06 +46=1.2 +-6--6 +‘6"-l6 +.6~.6 ﬂ"t'?"nv.? s +'8""¢6 +I5_l’? *‘-6"‘.6
Maximum error ~1.1 ~1.3 ~a8 -8 . +e8 -9
Total variation
in indications 1.6 2.2 s W 1.5 ; 4 1.8
(Table 4) After
endurance cw CCW (41 Cecw CW ccw (64 CCW cw cecw ¢ CCW
115 volts,
60 Cycles +-7"'46 +.4—‘08 “‘-9“-4 +41=1,0 +.5—.‘6 +.5"06 +|5‘—56 +oT=a"7 +06-'-6 +c4""-8 +65-.0 +05“.6
Maximum error -8 =140 _— ~o7 -, 8 ~ob

Total variation
in indications L5 1ad 1.2 1ok 1.4 L2



(Table 2)
Before endurance

115 volts, 60 cycles

103.5 volts,
65 cycles

126.5 volts,
55 cycles

Maximum error

Total variation
in indications

(Table 5)
After endurance

115 volts, 60 cycles
Maximum error

Total variations
in indications

TABLE 15 (CONT

SUMMARY OF ACCURACY TESTS FROM TABLES 1 TO 6, INCLUSIVE

Range of errors and maximum errors - in degrees

Motor Noe, 1

cw CCW

+01"".6 +04—-3
+e3=e5  +4l=u5

+e3=45 +obi~e5
"'.6

Lyl

cw CCw
+.1"‘.5 +-11-"'-4
e

9

Motor No, 1

CW CCW

+17-nl 0'—1.0

+09"'.4 ".2""1.3

+oT=e3 0-.9

-1.3

1.7

CW ccw
+I3"“I4 ‘i'll"o’
—-e5

9



" TABLE 15 (CONTINUED)

SUMMARY OF ACCURACY TESTS FROM TABLES 1 TO 6, INCLUSIVE

Range of errors and maximum errors - in degrees

Motor Type "N
(Table 3)

Before endurance cw ccw
115 volts,

60 cycles tal—eb  +JT=uls
103.5 volts,

65 cycles +e5m0b  +46-u4
126.5 volts,

55 cycles +obi=eb  446-ad
Maximim error 447

Total variation

in indications 12

(Table 6)

After endurance W cow
115 volts,

60 cycles 4'.6-'1.1 +l.0‘—.9
Maximum error Sl ad:

Total variation
in indications 2.0
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