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AU'IHORIZATIO-i FOR TEST 

1. 'Ihis problen was authorized by reference (a), and other 
additional references pertinent to this problem are listed as references 
(b) to (e), inclusive. 

Ii:eference: (a) BuEng. ltr. 503-1/15 {7-21-Ds) of 4 .August 1939. 
(b) Specifications SGS(65)-/42a of 15 February 1937. 
( c) l{enschel Corporation Dra;nngs 15-021 of 11 September 

1939, 15-022 of 13 September 1939, and 15-023 of 

OBJECT OF TEST 

8 September 1939. 
(d) Henschel Corooration ltr. of 18 September 1939 to 

NRL, CC to Bu.Eng. 
(e) BuEng. ltr. 863-1/LS (4- 3-Ds) of 15 April 1939 to 

Bendix Aviation Corporation. 

2. '.Ihe object of this test was to determine the confonnity 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 equipflent. 

AESTP.ACT OF TEST 

J. The sample transoitter-generators and indicator-motors were 
set up in suitable circuits and tested for compliance with the specifica
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 endurance test. 

4 . Following the endurance test, the sru::iples were again tested 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. 
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Conclusions 
Type 111ill 1.otor 

; I I 

(a) After bein~ given a slight allowance for errors in zero settings, 
all but one of the six type "M'' motors observed complied 1'ith the specifica
tions for accuracy before and after the endurance test. Following the en
durance test, all of the motors complied, 

(b) All six ntotors tested for torque gradient and maxiI!nlln torque 'Were 
satisfactory. 

(c) 'Ihe oscillation period was satisfactory when using a pointer fur
nished by the manufacturer. 

(d) There were dielectric breakdowns in four of the twenty typil "M" 
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 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. 

(f) All other test results were satisfactory. I. 
(g) Th.e motors check with manufacturer's drawing 15-023, except that 

they do not include the proposed modtficatian to the device for adjusting 
end play. 

(h) The shaft diameter is OB125 instead of 0~250 as required by the 
specifications. 

Type 11N11 Motor 

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

( j) The shell diameter exceeds the allowable value by 0'!080. 

(k) The field leads do not connect to the terminal block. 

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

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

(n) All other test results were satisfactory except that maximum 
secondary potentials of 107-108 vol ts were measured. Drawing 15-023 gives 
a value of 90 volts. 
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Type "A" Generator 

(o) 'lhe two tYPe 11A11 generators were satisfactory when tested in 
conjt.r1ction with the type 11' .f11 motors. However, one rotor broke dov.n 
under the dielectric test. The shafts of these generator~ are the same 
size as those of a type "Y" motor. 

T:£:pe 11B11 C-enerator 

(p) The type 11B1~ generator was satisfactory when tested in conj'W"lc
tion with the type 11M11 motor:s. This generator proved capable of posi
tioning twenty type "M" motors and, except for its smaller physical dimen
sions, would meet the requirements for a type 11C11 generator, 

General 

(q} The damping devices of all types of motors tested were gummy when 
examined following the endurance test, 'lhe lubricant in the 'bearing ch.ambers 
of the motors and generators was badly deteriorated and hardened as a result 
of this test. None of the bearings are d'll:3tproof as required by sub- para
graph E-3e. The stator windings of the types 11A," 11M, 11 and 11B11 are wound 
with single silk enameled instead of double silk enameled wire as required 
in sub-paragraph E-3h, 
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Recornmenda~ 

(a) It is recommended that the type "A11 generator and tr.{pe 11M11 motor 
be approved subject to the use of double silk enameled wire, improvement 
in the insulation to prevent dielectric breakdowns at 1;00 volts, a.c., 
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 11B11 generator is recommended for approval subject to the 
use of double silk enameled ,'lire 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 11B11 be appreved as a 
type 11 C" generator. 

( c) It is recommended that the type "N11 motor be not approved in view 
of its several deficiencies as noted under 11Conclusions . 11 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 recoI!llI'..ended that, e.s it appears that dustproof bearings 
impractical for this type of equipment, the requirement be waived. 
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DESCRIPTICN OF MATERIAL UNDER TEST 

5. 'lhe following material was submitted for test. 

2 Type 11A11 transmitter-generators - Drawing 15-021 
2 Type 0Bn transmitter-generators - Dr~g 15-022 
20 Type "M11 indicator-motors - Drawing 15-021 
1 Type HN11 indicator-motor - Drawing 15-023 

6. Plates 1 and 2 show a type 11B11 transmitte:I'-generator, a 
type 11M11 indicator-motor, and a type 11N11 indicator-motor. The type "A" 
transmitter-generator and the type 11M11 indicator-motor are identi4al ex
cept that no damping mechanism is provided for the transmitter-genera tor. 
In the remainder of this report, the shorter terms 11motor" and 11 generator11 

are used. 

7. Plate l 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 ref'erence 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. 

8. All of the samples submitted are of the stationary field type-
'Ihe terminals Ri, R2 , and RJ c011n.ect 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 11N11 motor which has the field leads ,ij:i, S;2) extending direcUy from 
the winding. · 

9. Each rotor is mounted on ball b~~gs which are removable 
with the rotor, after the brush assemblies .and the front end bell are re
moved. In the samples submitted, the rot~r ~nq pl~y may be adjusted by a 
threaded insert :i.n the front end bell. Hqwever,1 aGcording to drawings, 
reference (c), and information received from the manuf'acturer under ref
erence ( d), it is proposed to replace the threaded .insert vr.i. th brass shims 
of sufficient number to properly limit the end play. 

10. Further details of construction and design are given by drawings, 
refererice ( c), and photographs, Plates 1 and 2. Plate 1 also shows the 
pointers furnished for use during the oscillation test. 

ME'IH OD OF TEST 

ll. A type 11Att generator and six type 111411 motors were each set to 
electrical zero before being inter-connected for accuracy tests. This 
reference point was determined with the aid of an oscillograph. The gen
erator index plate was then adjusted to the zerQ m.arlc and the motor dials 
were similarly adjusted. It was found that by means of an illuminated 
magnifier, errors could be esti~ated to one-tenth degree. 

12. '!he circuit was then energized from a source that could be 
maintained at ll5 volts-60 cycles, lOJ.5 volts-65 cycles, or 120.5 volts-
55 cycles. The system was tested for accuracy at each of these combina-
tiona ~f vt>ltage and frequency by rotating the generator J60 degrees cw - • 
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and ccw in 3:-:degree steps and recording the errors in motor indications. 
The results are given as Table i and Plates 3 to 8, inclusive. 

1.3, 'llle 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 a.r~ 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. 'Ihe pointer used during this test is shovm in 
photograph, Flate 1, and was furnished by the manufacturer. The results 
of the test, made with motor shafts horizontal, are given by Table 11. 

15, Inforntation from the manufacturer indicated that the type "B" 
generator would be more than able to position twelve type 11M11 motors as 
required. At the request of the manufacturer, the type 11Bn 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 11 C11 is defined as a generator capable of 
positioning eighteen type "M" motors . 

16. 'Ihe type 11B11 generator was therefore connected to twenty type 
11M11 motors and, to shorten the test, the errors of only two were recorded, 
'l'hese motors had been used under the test described in paragraph 12 and 
we-re consequently cf 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 a smaller number of motors was desirable. 

17. The torque tests were then conducted using the type IIB11 gen-
erator and six type 11M11 motors. 'lhe maximum torque was also measured. 
Table 8 gives the results of these tests. 

18. Using the type 11B11 generator, the oscillation characteristics 
of six type 11M" motors were determined in the manner outlined in paragraph 
14. The results are given by 'l'able 11. 

19. Two type 11B11 generc.tors were then inter-connected and their 
torque characteristics detennined. '.lhe results are given as Table 9, 

20. 'Ihe one sample t.ypE:: 11N" motor submitted was connected to a 
type 11A11 generator and tested for accuracy, torque, and oscillation cha~ 
acteristics in the manner outlined for the other types of motors~ The 
results of the accuracy tests are given as Table 3 and Plate 11. The 
results of the torque tests are given as Table 10 and the oscillation 
values are given by Table 11. 

21. The several types of ger.erators and motors were connected in 
typical indicating circuits and their supply requirements measured. These 
values are given by Table 16, '!he 111cximum induced voltages were also 
measured with a vacuum. tube voltmeter. These values are given under test 
results. 
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22. 'Ihe equipment was then subjected to an endurance test during 
which the motors and generators were placed in a compartment having an 
ambient te.q,erat11re of 65 degrees centigrada# 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 "1i'.'1 motors were available, the test was 
started with fourteen motors connected to the type 11 B11 generator and six 
connected to a type 11A11 generator. Later, all twenty motors were shifted 
to the type "B11 generator. The type 11 N11 motor was continuously connected 
to a type "A" generator. 

24. 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 accuraey 
at a supply of 115 volts, 60 cycles. 'lhe results are given in Tables 4, 
5, and 6 , and Plates 12 to 20 • both inclusive • 

26, A type 11B11 generator, a type "M" motor, and a type t1N" 111otor 
were then subjected to the required shock aril vibration tests whil.e inter
conn•cted and energi~ed. Following this1 they were checked at rated 
voltage and frequency to determine whether any injury had developed4 

27. All generators and motors were then disassembled and examined, 
After reassembly1 they were tes~d for insulation resistance with a 1000 
volt 11megger11 and subjected .f"or one ~ute to a potential of 1500 vol ts, 
f:IJ. cycles applied between all winding5 and the case. 

ts. An ex~ation to determine canpliance V'li th the specifications 
in the matter of materials, design, dim.ertsi¢is, and workmanship, concluded 
the test6 

RESULTS OE TEST 
I j 

29. 'llie 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 a.vpended table~ and curves • 

30. 'Ihe sumpiacy at the accuracy test,. Table 15, $.ows that two of 
the six type ''M" motors tested in c()nnection with a 1;,ype 11A'1 generator had 
errors s+ightJ.y in excess of the one degree a1101f8d, One of these would 
have eoJntUied had the zero reference point been ~itted to the center of 
error. There appears to be no significant chqe in error und.er the several 
test comb~tions of supply voltages and frfquepcie~. Following the endur
ance test, tb.e errors of all of these six mttors were within one degree. 

31. Table 15- also gives a sunmary of the results of an accuracy test 
conducted with a type 11B" generator conpeoted to twenty tY1,le "M" motors . 
'Ihe two motors observed had smaller errors than when th,ey were used on thle 
previous test. One was within the one degree tolerance; the other could 
have been brought within it by shifting tile reference point. There appears 
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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 ~re less. 

32. Th.e type 11 N11 motor complied with the accuracy requirements 
before the endurance test when positioned by a type 11A11 generator. The 
specified voltage and frequency variations had no apparent effect on its 
accuracy. Following the endurance test, the errors were greater but 
complied with the one ·de.eree tolerance of the specifications. 

33. As ~own by Table 7, the type uiiu motors have torque character-
istics which comply "{i.th the specification requirements of 0~25 inch-ounce 
per degree for the first 10 degrees displacement and 15 inch-ounces for 
maximum torque. 

34. Tq.ble~ 8 and 9 give ad.di tional torque values not required by 
the spe~ificatiQils~ Maximum torque values for all types wer~ obtained at 
about 95 degrees displacement, 

3~. When positioned by a type 111.11 generator, the torque gradient 
of the type 11N11 motor exteeded the minimum value of 0.05 inch-ounce 
established by reference ( e ) , 'Ihe maxi.m.lln torque value complied with the 
specifud 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 t.he 3 seconds specified. As. shown by Table ll, varying 
values were obtained after the endurance test. 'lhese values were smaller 
and show that sGJD.e change had taken place in the action of the damping 
mechanism as a result of the endurance test. 

37. 'lhe results of the temperature rise tests, given by Tables 12, 
13, ~d 14, a.re satisfactory ijxcept in three cases. Two of the high temper
atures gi ,ren for secondary winaing:s are believed to be errors arisin_g frpm 
changes in bro.&1 resistance during the tests and should be disregarded. 

38. 'lhe following gives w maximum voltages induced in the secondary 
windings e! each type- rus measura<} with a vacuum tube voltmeter. 

~ R1-R2 -
A 90,5 
B 91.0 
N 108.0 

Winding 
!½-R3 

90.Q 
91.0 

108.0 

R3-R1 

90.5 
91.0 

107.0 

39, The samples subjected to the shock and vibration tests showed 
no additional error. The slip rings of -the type 11N11 showed some burning 
as a result of the li.fting o.f the brushes during the shock or vibration 
tet ts. 

j 

40. During the 1500 volt dielectric strength test, failures occurred 
between the ground and annature of number 6 and between the ground and field 1
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of numbers 2, 3, and 11 type 11~ 11 motors, 'lhe 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. 

41. 'Ihe armatures of a ty,Je 11A11 generator a.."'ld the type 11N11 motor 
also broke down. All other samples withstood the dielectric test and had 
satisfactory insulation resistarce. 

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 11A" and "!.." is 0'!3125 instead of 
0~25 as required by reference (b). 'Ihe shell diameter of the type 11N11 

exceeds the maximum value of 2'!186 by 01J080. 'Th.e leads for the field of 
the type 11N11 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. 

44. 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. 
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CONCLUSIO."l'S 
'Iy;le U:t11 Motor 

45 . After being given a slight allowance for errors in zer o 
settings, all but one of the six type 11M11 motors observed complied with 
the specifications for accuracy before and after the endurance test. 
Following the endurance test, all of the motors complied l 

46, Al l six motors tested for torque gradient and maximum torque 
were satisfactory. 

47. 'lhe 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 t:iese occurred in a r otor, another in a 
field, and two at the points where the leads extend from the field windings 
to the terminals . 

49. The temperature rises of the vtindings are consi dered satis-
factory. In coru1ection with this, the several erratic values given for 
the rotor windings ( Tables 12 and 1)) were considered errors introduced 
by changes in brush resistance, and disregarded. 

50. All other test results v1ere satisfactory. 

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

52 . '!he shaft diameter is 0~3125 instead of on50 as required by 
the specifications . 

Type " N11 Motor 

53. 'lhe torque gradient is less than the specification value but 
above the minimum establi shed by reference (e). 

54. The shell diameter e;~ceeds the allowable value by 0 11080. 

55. 'Ihe field leads do not connect to the terminal block . 

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

57 . Under the dielectric test, a breakdown occurred between the 
rotor winding and ground . 

58. Al l other test results were satisfactory except that maximum 
secondary potentials of 107-108 volts were measured. Drawing 15-023 gives 
a value of 90 volts . 
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Type 11.P.11 Generator 

59. The two type 11A0 generators were satisfactory when tested in 
conjunction with the type 11M11 motors. However, one rotor broke dovm under 
the dielectric test. The shafts of these genera;,,ors are the same size as 
those of a type 11M11 motor. 

Type 11B11 Generator 

60. 'lhe type 11B" generator was satisfactory wnen tested in conjunc-
tion vd th the type 11M11 motors . This generator proved capable of positioning 
twenty type ''M.11 motors and, except for its smaller physical dimensions, 
would meet the requirements for a type 11 C" generator, 

General 

61 . The damping devices of all types of motors tested were gummy 
when examined following the eoourance test. The lubricant in the bearing 
chambers of the motors and generators was badJ_y deteriorated and hardened 
as a result of this test. None of the bearings are dustproof as required 
by sub-paragraph E-Je. The stator windings or the types 11A, 11 11:M, 11 and 11B" 
are wound with singl e silk enameled instead of double silk enameled wire 
as required in sub- paragraph E-Jh. 
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TAB!.E 1 

Results of Accuracy Tests before Endurance Test I. 
1: 

Errors in Degrees 
')' 

Type 1tAtt transmitter-generator connected to 6 type 11M11 indicator-
motors. llotors and generator set to electrical zero before test. Errors 
given as ( +) lead the direction of rotation, (-) lag. 

II 

those marked 'Ihus , 1 

a ( +) error in the cw direction indicates the same geometrical position r\ 
as a corresponding (-) error in the ccw direction. 

Generator Motor No. 12 Motor No. 1 t I 
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103. 5Vol ts 126.5v·o1ts 

in 60C;,y:cles 62C:v'cles ~2 C;,y:cles 60C;,y:cles 62 Cycles ~5 Cycles 
Degrees cw ccw cw ccw cw ccw cw ccw ~ ccw cw ccw 

,3 -.1 0 +. l -.3 -.1 0 +. ? -LO +.6 -1.0 +.6 -.6 
6 +.l -.2 0 -.3 -.1 -.1 +.9 -1.1 +.6 -1.2 +.? -.? 
9 +.l -.1 0 -.3 +.1 -.2 +.9 -1.1 +.9 -1.3 +.9 - 0 . , 

12 0 -.1 -.1 -.1 +.l -.3 +1.0 -1.0 +. 9 -l.l +.9 -.9 
15 0 -.2 -.1 - .1 +.2 -.4 +1.0 -1.2 +.9 -1.0 +1.0 -1.0 
18 +.2 -.3 0 -.1 +.3 -.4 +1.0 -1.2 +1.0 -1.1 +1.0 -1.0 
21 +.l -.2 0 -.3 +.1 -.4 +1.0 -1.2 +1.0 -1.3 +.9 -1.0 
24 0 -.1 -.1 -.2 0 -.1 +1.0 -1.1 +1.0 -1.l +.8 -.8 
27 -.1 0 --3 -.1 -.1 -.1 ... . 9 -1.0 +.8 -1.3 +.7 ..... 6 

• 30 -.2 +.l - -4 0 -.2 0 +. 8 -.9 +.6 -1.0 +.7 -.6 
33 -.3 +,3 -.6 +.l -.3 +.l +.6 -.8 +.6 -.9 +.6 - .6 
36 --5 +.4 -.5 +.3 -.4 +.3 +.6 -.s· +.6 -.8 +.6 -.5. 
39 -.5 +.4 -.5 +.4 -.4 +.3 +.6 -.? +.6 -.7 +.6 -.5 I .. ' 

42 --4 +.3 -.5 +.4 -.4 +.2 +.7 -.8 +.6 -.? +.5 -.5 
45 -.4 +.4 -.5 +.3 --5 +.3 +. 6 ..:..4 +.5 -.? +.5 -.5 
48 -.4 +.4 -.5 +.J .-.4 +.3 +.6 -.5 -i:.6 -.7 +.5 --4 
51 -.5 +.4 -.6 +.5 -.4 +.4 +.6 -.4 +.5 -.6 +.6 -.5 
54 -.4 -.3 -.5 +.J -.3 +.l +.? -.6 +.5 -.7 +.? -.5· 
57 -.5 +.4 -.6 +.J -.4 +.3 •• 5 .... 3 ... 4 ♦.6 +.6 -.4 
60 -.3 +.2 -.4 +.5 -.3 +.2 +.6 --4 +.5 -.5 +.6 -.4 
63 -.4 +.'.3 -.5 +.4 -.24 +.4 +.4 -.3 +.5 -.5 +.5 -.2 
66 -.6 +.4 -.7 +.5 --5 +.5 +. 4 -.2 +.3 -.4 +.4 -.1 
69 -.? +.5 -.? + .6 -.6 +.5 +.4 -.1 +.3 -.4 +.4 -.1 
72 -.8 +. ? - .9 +.6 -.? +.7 +.2 +.l +.l - .1 +.2 0 
75 -.9 +.? -.9 +.8 -.8 +. ? +.2 +.1 0 0 +.2 0 
78 -1.0 +.? -1 .0 +.? -.9 +,7 +.l +.l -.1 -.1 +.l +.l 
81 -.9 +.? -.9 +. ? -.9 +.? +.1 +.l 0 0 +. l +.1 
84 -,9 +.8 -.9 +.8 -.9 +.? +.2 +.1 0 -.1 0 +.l 
87 -.8 +.7 -1.0 +.? -.9 +.? +.2 +.l 0 -.1 +.l +.1 
90. -.9 +.? -1.1 +.8 -.8 +.? 0 +.l -.1 +.l +.l +.l 
93 -.8 +.? - 1.1 +.9 - .7 +.5 +.l +.4 -.2 +.l +.l +.l 
96 -.9 +.? -1.0 +.9 -.6 +.5 0 +.3 -.2 +.2 +.2 0 
99 -.? +.5 -1.0 +.6 -.5 +. 5 +.2 +.l -.1 +.l +.3 0 -. 102 -.7 +.6 -.9 +.? -.? +.6 +· • ., +.l -.1 +.2 +.l +.1 

105 -.? +.6 -.9 +.6 -.8 +.6 0 +.4 0 +.3 0 +.3 . - ~ 

I ., --
... A~ 

~ 
,. . 

~. -~' 
ita,_-, 1 r l .._, 
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TABLE 1 (CONTI.NT.JED) 

Results of Accuracy Tests before Endurance Test 

Errors in Degrees 

Generator Motor No. l Motor No. 1 
Setting 115Volts 103.5Volts 126.5Volts 115Volts 103.5Volts 126.5Volts 

in 60Cycles 62 C;ycles 22 Cvcles 60Cicles 62 C:vcles 22 C;ycles 
Degrees cw ccw cw ccw cw ccw cw ccw cw C<:W cw ccw 

108 -.7 +.6 -1.0 +.7 -.8 +.6 +.l +.4 -.1 +.4 0 +. o 
111 -.8 +.7 -1.0 +.8 -.? +.7 -.1 +.5 -.4 +.6 0 +.6 
114 -.8 +.7 -1.1 +.9 -.8 +. 7 -.2 +.4 -.4 +.6 0 +.4 
117 -.8 +. ? -1.0 +.8 .. , +.7 -.2 +.5 -.4 +. 6 -.1 +. 4 
120 -.8 +.6 -1.0 +.? -.6 +.6 -.1 +. 4 -.4 +. 4 0 +. 4 
123 -.6 +.6 -.8 +.6 -.6 +.4 -.2 +. 4 -.1 +.4 --4 +.3 
120 -.7 +.6 -.8 +.7 -.6 +. 5 -.2 +.3 -.2 +.5 -.2 +.3 
129 -.5 +.4 -.8 +.6 -.4 0 -.1 +.3 -.1 +.4 0 0 
132 -.6 +.4 -.? +. 6 -.3 +.l -.3 +.3 -.3 +.4 0 0 .. 135 -.4 +.4 -.7 +.5 -.1 G 0 +.l -.1 +.4 0 0 .. I 

'' 
138 -.3 +.2 -.6 +.4 0 -.2 0 0 .o +.3 +.2 -.3 
141 -.2 0 -.5 +.J +.l 0 0 -.1 0 0 +.l -.1 _, 
144 -.1 -.1 -.4 +.3 -.1 -.2 +.l -.1 -.1 0 0 -.3 

T -I -r- 147 -.2 0 -.4 +.l -.1 -.3 +.l -.1 0 0 +.l -.1 
150 -.2 0 -.4 +.2 0 -.1 0 0 -.1 +.l +.l -.2 I 

I I 
153 .- - • .3 +.3 -.6 +.4 -.2 G 0 0 -.3 +.3 +.l -.1 ii 
156 -.4 +.2 -.6 +.3 -.1 0 0 +.l -,4 +.2 +.l -.1 

159 -.2 +.l -.4 +.l 0 -.1 +.l 0 -.1 0 +.2 -.2 1 I 

... 
162 +.2 -.1 -.3 0 0 -.1 +.3 -.2 0 -.1 + • .2 -.3 
165 0 -.1 -.1 0 0 -.1 +.2 -.1 0 -.1 +.l -.2 
168 +.1 -.1 -.2 0 +.2 -.2 +.l -. 2 0 -.1 +.3 -.3 
171 +.l -.1 - .3 0 +.2 -.4 +.l -.2 -.1 0 +.3 -.4 

I • 174 +.2 -.3 -.3 0 +.4 -.4 +.l -.2 0 0 +.4 -.5 
177 +.2 -.3 0 -.l +.4 -.4 +.2 -.3 0 -.1 +.4 -.6 

l •a• 180 +.2 -.4 0 -.1 +.4 - . 5 +. 3 -.4 +.l -.1 +.4 -.6 
U~3 +.2 -.4 0 -.2 +.3 -.4 +.2 -.3 +.1 -.2 +.3 -.3 
186 +.3 -o2 0 -.1 +.l -.3 +.2 -.3 +.l -.2 +.2 -.J 
189 +.1 -.1 -.1 -.1 +.3 -.3 +.l -.2 0 -.1 +.4 --4 
192 0 0 -.3 +.l +.l - .3 0 -.1 -.1 0 +.3 -.4 
195 -.l 0 -.3 +.l +.l -.2 0 -.1 -.l. 0 +.3 - . 2 
198 -.1 -.1 -.4 +.2 +.l -.2 0 0 -.2 0 +.2 -.3 
201 -.1 0 -.3 +.l -.1 -.1 0 -.1 -.1 0 +.l -.2 
204 0 -.1 -.3 0 0 -.3 +.l -.1 -.2 -.1 +.l -.1 
207 -.1 0 -.3 +.l 0 -.2 0 -.1 0 0 +.l -.2 
210 -.1 -.1 -.4 +.1 +.2 -.2 0 0 +.l +.l +.l -.1 
213 -.1 +. l -.3 +.2 +.2 -.J 0 0 -.3 +.1 +.2 -.3 
216 -.1 0 -.4 +.2 +.3 -.3 0 -.1 -.3 +.l +.l -.3 
219 0 0 - .3 0 +.l -.3 0 -.1 -.2 0 +.1 .. -.2 
222 -.1 0 -.3 +.2 0 -.1 0 -.1 -.1 0 0 : -.1 

l 
• T ,:.. 225 -.1 0 -.4 +.2 0 0 0 -.1 -.3 +.l 0 0 

.,..... • I -: .. 
•-r'" 1 ... ..... ■ 

~ 
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TABLE 1 ( CONrnruED) 

Results of Accuracy Tests before Endurance Test 

Errors in Degrees 

Generator Motor No. 12 Motor No. 1 
Setting lJ 5Volts 103. 5Vol ts 126. 5Vol ts 115Volts 103. 5Volts 126.')Volts 

in 60C:ycles 62 Cycles 25 Cycles 60Cvcles 62 Cycles 25 Cvcles 
Degrees cw ccw cw ccw cw ccw cw ccw cw ccw <::'N ccw 

228 -. 4 +. 3 -. 5 +. 4 -.2 +.l -.2 +.l -.4 +.l -.1 0 
231 -.4 +.3 -.6 +. 5 -.3 +., - ~ ..... + .2 -.5 +. 4 -.1 +.l 
234 -.5 +.4 -.7 +.6 -.3 +.4 -.4 +.3 -.6 +.4 -.2 +.l 
237 -.6 +. 5 -.7 +.6 -.4 +.4 -.4 +. 4 -.6 +. 4 -.3 +.2 
240 -.6 +. 5 -.6 +.6 -.4 +.4 -.4 +.2 - .4 + .4 -.3 +.3 
243 -.6 +.4 - .6 +. 4 -.5 +. 4 -.3 +. 1 -.5 0 --4 + • .3 
2/_,p -.5 +. 4 - .6 +. !S -.6 +.5 - .4 +. l -. 5 0 -.4 +. 3 
249 -.o +.4 / -.o +.5 -.5 +.4 -.4 +.l -.5 0 -.4 +.1 
252 -.? +.6 -.7 + . oJ -.4 +.4 - r.. +.3 -.6 +. l -.3 0 . ., 
255 -.b +. 5 -.7 +.o -.4 +.3 -.4 0 -.6 +.1 -.3 0 
25S -.5 +. 5 -.o + ob -.3 +. 2 -.L 0 -. 5 0 -.1 0 
261 -.5 +. 4 -.7 +. 5 -.4 +.4 -.4 0 -.6 0 -.3 0 
261., -.? +. 6 / -.o +. 5 -.6 +.5 -.4 +.1 -. 5 - .1 -♦4 ... . 1 
267 -.? +.5 -.o /' +.o -.6 +.6 -.4 +.1 -.6 0 -.5 +.1 

' I 270 -.8 -.7 +.7 -.8 -.5 +.2 -.6 +.l -.4 +. l + .,.) +.o 
r 273 -.9 +.8 -.9 +.8 -.7 +.7 -.6 +.4 -.? +.3 -.5 0 

276 -.9 +.8 -.9 +.9 -~7 +.? -.7 +. 3 -.8 +. 3 -.6 0 
279 -.9 +.9 -.9 +.B -.8 +.? -.8 +.4 -.? +.2 -.6 0 
282 -.6 +.7 -.7 +.6 -.7 +.6 - .3 +.l 

, 
- .o -.1 -.6 :J 

285 - .6 +.6 -.o +.6 -.7 +.6 -.4 0 -.5 - .1 -.6 0 
288 - . 5 - . 5 -.6 +.6 -.6 +. 5 -.1 0 -.5 -.1 -.4 -.1 
291 -.8 +.6 -.8 +.7 - .6 +. 5 - .4 0 -.6 0 -.4 -.2 
294 -.b +.4 -.6 +.o -.4 +. ] 0 -.1 -.5 -.1 -.2 - . 5 
297 -.4 +. 4 -.6 +.(:) -.4 +.3 0 -.1 -.4 -.3 - .1 -.5 
300 - ,4 +.3 -. 5 +,4 -.2 0 0 -.J -.2 -.4 +.l -.5 
303 -,4 +.3 -. 4 + • .3 -.3 +.3 0 -.4 -.3 -.4 +.4 -.5 
306 -.4 +.4 -.4 + . 4,. -.4 +.4 -.1 -.J -.1 ... 4 +.3 -.4 
309 -.4 +. 3 -.5 +. 4 -.4 +.4 -.1 -.3 -.2 -.4 +.1 -.5 
312 - . 5 +.4 -.5 +. 4 -.4 +. 4 -.1 -.2 - .2 -.5 +.2 -.5 
315 - .4 +.4 -.5 +.4 -.4 +.l -.2 -.3 -.3 -.4 +. J - .6 
318 --5 +. 4 -.5 +.4 -.4 +.3 -.1 --4 -.2 -. 5 +.2 -.6 
321 - .4 +. 3 - .4 +.2 -.4 +. 3 +. l -.5 0 -.6 +.2 - .(; 

324 -.3 +. 2 -.J +.l -.4 +.2 +.2 -.6 +.l -.8 +.4 - .6 
327 - .1 0 -.1 -.1 -.J 0 +.3 -.8 +.2 -♦ 9 +.3 -.8 
330 -.1 0 - .1 0 -.1 0 +.2 -.7 +.2 -.9 +.4 -.9 
333 0 -.1 -.2 0 0 -.3 +. 4 -.9 +.l -.9 +. 5 -l.1 
336 +.1 -.1 -.l -.1 +. l - .J +.4 -1.0 +.2 -l.0 

., 
+. o -1.1 

339 ♦ .2 -.3 +. l -.4 +.3 --4 + • .::, -1.1 '+- o4 -1.3 +.? -1.2 
342 .... 2 -.2 +. 2 -.3 +.3 -.3 +. 5 -1.0 +.5 - 1.2 +.9 -1.1 
345 +.2 -.3 +.2 -.4 +.l -.2 +.5 -1.1 +. 4 -1..2 +. 6 -1.1' 

~ 348 +.l -.2 +.l - • .3 +.l - .1 +. 4 -1.l +. 4 -1.l +.6 -1.0 

r I 
~ 

351 -.1 -.1 0 -.2 0 -.1 +.4 -.9 +.3 -1.0 +. ? -. -.9 _..,. 
354 -.1 +.l -.1 -.1 -.1 -.1 +.2 +. 9 +. l -1.0 +•6 ~· -.9 

T 
357 -.1 +.l -.2 -.1 0 -.1 +. 2 -.1 +.l -.9 -.2 -.9 
360 0 -.2 0 -.2 0 -.1 +.3 -.9 +. 3 -1.0 +.7 -.9 .-

~ 



TABLE l ( crn-:TINUED) 

Results of Accuracy Tests before Endurance Test 

Errors in Degrees 

°l"JPe 11A11 transmitter-generator connected to 6 type 11M11 indicator
motors . Motors and generator set to electrical zero before test. Errors 
given a~ ( +) lead the direction of rotation, those marked(-) lag. Thus 
a ( +) error in the cw direction indicates the same geometrical position · 
as o corresponding(-) error in the ccw direction. 

Generator Motor No . 9 l...otor No . 5 
Set.ting 115Volts 103.5Volts l26,. 5Volts 115Volts 103-.5Volts 1.2u . 5Volts 

in 00Cycles 65 Cycles 55 Cycles 60Cycles 65 Cycles 55 Cycles 
Degrees cw ccw cw ccw cw ccw <:IV ccw cw ccw cw ccw 

3 -.4 +.3 -.5 - .3 +.2 -.J +.3 - . 4 +.l -.2 , 
0 -.4 ... . 3 -.5 -.3 +. 2 -.3 +.2 - . 4 +. 2 - .J 
q -- 4 + • .4 - .6 - .4 +. 2 -.4 +.J - -4 +.3 - .4 ...... -,, a:__ 12 -.4 +.4 - . 6 -. 5 +.2 -.4 +.3 -.4 +.4 - . 5 

I -· 15 
..... •t_ - I 18 

,. '" ... , •• ;11111111 

+. 2 
... . 3 
+.2 
➔ . 2 
+. 2 
+.J 

-. 5 +.J -.4 
-. 5 +. 4 -.5 

+,l 
+. 2 
+.4 
+.4 
+.4 
+.5 
+.4 
+.3 
+. l 

- .6 +. 2 -.4 +.l 
- .6 +. 3 -. 5 +.J 

-.3 +. 5 - .6 
-.4 +.6 -.? 

~ 4 I 21 .. I.... I 
■ I 24 

--/-.:- 27 
J_~ 30 
· · -.. 33 

.. 

--■ 

.. 

'" 36 
39 
42 

■' L5 
• /48 

51 
54 
57 
60 
63 
66 

• I 69 
72 
75 
78 
81 
84 
87 
90 
93 
96 
99 

·- 102 
105 
108 
111 

I +.J 
. +. 2 
• +,. l 

0 
-.1 
- .1 
-.2 
-.2 
- .2 
- . 2 
- .J 
-.1 
- . 2 
- . 1 
- .3 
- ♦4 
- .4 
- . 5 
-.6 
- .? 
- .6 
- .6 
-.4 
- .6 
-.5 
-.5 
-.4 
- . 5 
-.5 

- .• 5 +. 4 
-.4 +. 4 
-.3 +. 3 
- .• 2 0 
-.1 -.1 

0 -.1 
0 - .1 

-.1 0 
0 - .1 
0 - .1 

~ . l -. 2 
+. l -.1 

0 -.2 
- .1 - .1 

0 -.2 
0 -- 4 

+.1 -.3 
+.4 -.5 
+.4 - . 6 
+.4 -.6 
+ . 4 - .6 
+.4 - .5 
+.J -.6 
+.4 -.6 
+.4 - .? 
+.4 -.? 
+.3 - . 5 
+.3 - .6 
+ -4 -.6 
+.4 - .6 
+.5 -.7 

-.6 
-.5 
+.5 
-.4 
-.2 
-.2 
- .1 

0 
-.J 

0 
0 
0 

- . 1 
+. l 

0 
0 

+.3 
+.4 
+.4 
+. 5 
+. 5 
+.4 
+.4 
+. 5 
+. 5 
+.4 

0 
-.1 
-.2 
-.2 
-.2 
-.2 
-.2 
-.1 

0 
0 

-.1 
-.J 
-.4 
-.4 
+. 5 
-.5 ,, 
- . o 
- .6 
- .6 
-.6 
-.5 
- . 4 

-.3 
- . 4 
- . 5 
- .6 
-.5 

-.6 +.J - -4 +.J 
- . 4 +.1 - ♦ 4 +. 2 
-.4 +. 2 -.4 +.l 
- . 2 0 -.2 0 
-.1 -.1 -.1 0 

0 - .1 0 -.1 
0 - . 2 0 -.2 

-.1 - . 2 -.1 -.1 
+. l -.2 0 -.1 

0 - . 2 -.1 -.1 
0 - .J O -.J 

-.1 - . 1 +. l - . 1 
O - .J - .1 - .3 
0 - .1 -.1 -.1 

+. l - . 2 0 -.2 
+.3 - .3 O -.3 
+.3 -.4 +.1 --4 
+.4 - .4 +.J -.6 
+.4 - . 5 +.4 -.6 
+. 5 - .? +. 3 - . 6 
+.5 -.? +.4 -.6 
+. 5 - . 5 +.4 - .6 
+. 5 - . 4 +.J -.6 
+. 5 - .4 +.3 -.6 
+.4 - .5 +.3 -.6 
+.J - . 4 +. 3 -.7 
+. 2 -.J + . 2 - .6 
+, 4 - .4 +.3 - .6 
+.4 - . 5 • • 4 - .6 
+.6 - . 5 +.4 -.? 
+. 6 - . ? +.5 -.7 

..... ■:... ■ ~- .. 

-.5 +.4 
-.4 +.3 
+. 6 +.J 
-.3 +. 2 
- . 2 +. l 
-.1 0 
-.1 -.1 

0 0 
-.1 - .1 

0 -.1 
0 0 
O t . l 
0 + . l 

+. l 
0 0 
0 - .1 _ 

- .3 
--4 
--4 
- . 5 
- . 4 
-.5 
- . 5 
-.J 
-.3 
- . 2 
- .l 
-.3 
- .4 
- . 5 

- .6 
- . l. 
- . l. 
-.3 
-.1 
- .1 

' 

0 
0 
0 

- .1 
- .1 
-.J 
- . 2 
- . 1 

0 
t •l 
:;- •l 
+.4 
+.3 
-+; -4 
+. 4 
+.4 
+.4 
+. 2 
+ .• 1 

- .5 -~ I 

. ~:.r .. ·.. .- t' . .. ! ... 



TABLE 1 ( CCNTINUED ) 

Results of Accuracy Tests before Endurance Test 

Errors in Degrees 

Generate:- hl.otor No . 2 Motor No. 5-
Setting 115Volts 103 . 5Volts 126. 5Volts 115'Jol ts 103. 5Vol ts 126. 5Volts 

in 60Cy.:cles 65 C:ycles 22 C:ycles 60Qvcles 62 Cycles 22 C::t:cles 
Degrees (:'{{ cew cw caw cw ccw cw ccw cw ccw cw ccw 

114 -.7 +. 5 - . 8 +.6 -.6 +.6 -.7 +.5 -.8 +. 6 - . 5 
, 

+. o 
117 -.7 +.5 - .7 +.6 -.6 +.4 -.6 +. 4 -.7 +. 5 -.5 +.4 
120 -.5 +.4 -.6 +.4 -.4 +.4 -.5 +. 4 -.7 +.3 -.4 +.4 
123 - . 4 +.3 -.5 +.4 -.4 +.3 -.4 +.3 -..,6 +. 4 -.4 +.2 
126 - .4 +.4 -.5 +.4 -.4 +.3 -.4 +. 3 -.6 +.4 -.3 +. 2 

129 - . 4 +.3 --4 +.J -.1 +.1 -.3 +. l -.4 +. 2 -.l - .1 
132 -.4 +.2 - . 5 +.4 -.1 -.1 -.4 +. 2 -.5 +.3 0 - . 2 
135 - .2 +.l -.4 +. J 0 0 -.2 0 --4 +. 2 +. 3 -.3 
138 -.1 -.1 - . 4 +. 2 +.2 -.3 -.1 -.l -., +.l +.3 - . 4 
141 0 -.1 -.3 0 +.l -.l 0 -.1 -.2 0 +. 2 -.2 
14-L,. - .1 -.2 -.1 0 0 -.2 0 -.J -.2 0 +. l -.3 
147 0 -.2 -.1 -.1 +.l -.1 0 -.2 -.1 -.1 +.l - .3 
150 -.1 0 -.1 0 0 -.1 0 -.1 -.1 0 +.l -.3 
153 -.1 0 -.3 +. l 0 -.1 -.1 0 -.3 +.l +. l -.2 
156 -.2 -.1 -.4 0 0 -.1 -.1 -.1 -.3 0 0 - .3 
159 0 -.2 -.1 -.1 +.l -.2 0 -.1 -.1 0 +. 2 - . 2 
162 +.3 -.3 +. l -.3 +.2 -.2 +. 2 -.3 +.1 -.2 +.3 -.4 
165 +.2 -.1- 0 -.3 0 -.1 +.l -.2 0 -.2 +.l -.2 
168 +.l -.3 +.l -.1 +.2 -.3 +.2 --4 +.l -.3 +. 4 - . 4 
171 +.2 -.3 0 -.2 +.3 -.5 +. 2 -~4 +.l -.3 +.4 - . 5 
174 +.2 --4 0 -.3 +.4 -.5 +. 2 -.4 0 --3 +.5 -.6 
177 +.3 --4 +.1 -.3 +.4 -.6 +.3 --4 +.l -.2 +. 6 -.b 

180 +.3 -.5 +.2 -.3 +.4 -. 5 +.4 -.5 +.2 -. 4 +.5 - . 4 
183 +.4 -.4 +. 3 -.4 +. J -.5 +.4 -.5 +. 2 -.4 +.4 -.5 
186 +.3 -.4 +.2 -.3 +. 3 -.3 +.3 - .4 +.2 --4 +. 4 -.5 
189 +.2 -.J -.1 --4 +. 4 -.4 +.2 --4 -.2 - .3 +.5 -.5 
192 +.l -.2 0 -.2 +.J -.4 +. l -.2 -.1 -.1 +. 4 -.4 
195 +.l -.1 -.1 0 +.3 -.3 +.l -.2 0 -.2 +.4 - . 4 
198 +.l -.2 0 -.1 +.2 -.3 +.l - .3 0 -.1 +. 4 -.4 i" 

201 - .1 -.2 0 -.2 +.l -.2 - .1 -.2 +_.l -.3 +.3 -.4 
204 +. 2 -.3 0 -.3 +.2 -.3 +.2 -.3 0 -.3 +. 3 -.4 
207 +.l - .J +.1 -.2 +. 2 - .3 +.2 -.3 +.l - .3 +.3 -.4 
210 0 - . 2 -.1 -.1 +.3 -.3 +.l -.4 0 -.2 +. 4 -.4 
213 +.1 -.2 -.1 0 +. J -.4 +.l -.2 0 -.1 +.4 -,5 
216 +.2 -.2 0 -.1 +.4 -.4 +. l -.3 0 -.2 +. 4 -.6 
219 +.2 -.3 0 -.2 +.3 -. 5 +.2 +.4 0 - . 2 +. 4 -.6 
222 0 -.3 0 -.1 +.3 -.3 0 - .3 0 - .1 +.3 - .4 
225 0 - . 2 -.1 0 0 0 0 -.2 0 0 +•l -.2 
228 -.1 - .1 -.2 0 0 - .1 -.1 -.1 -.2 0 0 -'.2 
231 -.1 0 - .3 +.2 -.1 0 -.1 0 -.3 +. 2 0 0 

234 - .3 +.2 -.4 +.3 - .2 0 -.3 +.l -.4 +.3 -.1 -.1 

2~7 -.3 +.2 -.4 +.2 -.2 +.l - .3 +.2 -.4 +.l 0 a 
■ 

~} r 
I ~ i-= 

• ii 



TABLE 1 ( CCTITINUED) 

.k.esults of Accuracy Tests before Endurance Test 

Errors in Degrees 

Generator Lotor No . 2 Motor No . 5 
Settjng 115'Jol t.s 103. 5Volts 126.5Volts 115Vol ts 103. 5Vo1ts 

in bOGycles 62 Cycles 22 Cycles 60C:ycles 62 Cycles 
Degrees ~r ccw cw ccw cw cc-w cw ccw cw CC'H 

240 - . 2 +. 2 -.3 +. 2 - .2 + • .2 -.) +.2 - . 3 +. l 
243 -.2 +.l - .. 3 +.l -.3 +.2 -.2 +.1 -.3 +. 2 
246 -.2 +. l -.3 +.l - .4 +.2 - .2 0 -.3 +. 2 
249 -.3 +.l -.3 +. l -.3 +. l -.3 0 -.3 +.2 
252 -.4 +. 2 --4 +.3 -.2 +.l -.3 +.2 -.4 +. 4 
255 -.4 +.l -.4 +. 3 - .2 +. l -.4 0 -.4 +.3 
258 -.2 +.l -- 4 +.3 -.l 0 -.2 +. l -.4 +. 3 
261 -.3 +. l -.4 +.3 -.2 +. l - . 2 0 -.4 +. 2 
264 --4 +. 2 -.4 +.3 -. 4 +.3 -.4 +. 2 -.4 +. 2 
267 -.3 +.2 -.4 +. 3 -.4 +. 4 -.4 +. 2 -. 4 +. 4 
270 -.5 +.3 -.5 +. 4 - .4 +.3 -.4 +.3 -.5 +. 4 
273 -.5 +. 5 -.6 +. 5 -.5 +,4 -.6 +. 4 -.6 +. 6 
276 -.6 +.6 -.6 +.5 - . 5 +,4 -.7 +.5 -.6 +.? 
279 - .6 +. 5 -.6 +.4 -.5 +.6 -.7 +.6 -.6 +.6 
282 -.5 +,4 -.5 +.3 -.6 +. 5 -.4 +.4 -.5 +. 4 
285 -.5 +.3 -.5 +. 3 -.5 +. 4 -.5 +. 4 - . 5 +. 4 
288 -.3 +. 3 -.4 +.4 -.4 +. 4 -.3 +. 3 --4 +.4 
291 - . 6 +. 4 -.5 +.4 - .4 +. 2 -.5 +. 4 -.5 +. 5 
294 -.4 -.1 -.4 +.J - .2 0 -.3 -.2 - .4 +. 4 
297 -.2 +.2 -.4 +. l -.1 0 -.l +.l - . 4 +. J 
JOO - .1 0 -.2 +.l 0 0 0 0 -.J +. 2 
303 0 -.1 -.2 0 0 0 -.1 0 - .4 +. 2 
306 -.2 0 -.2 0 -.1 +.l - .1 +.l -.3 +. 3 
309 - .2 0 -.1 0 -.2 +.1 - .2 +.1 - . 4 +. 3 
312 - .2 -.1 -.1 0 -.2 0 -.3 -.2 -.4 +. 3 
315 -.3 +.2 -.3 +.l -.2 +.1 -.J +.2 --4 +. 2 
318 -.2 -.1 -.1 - .1 - .2 +.1 - .3 - . 2 -.2 +.l 
321 -.1 0 0 -.1 -.1 0 0 0 -.1 0 
324 0 +.1 0 -.3 -.1 0 0 0 0 -.1 
327 +.l -.J +.l -.4 - .1 -.2 +.l -.J 0 - .2 
330 +.1 -.3 0 -.4 +.1 -.2 +. l - .1 0 -.3 
333 +.2 -.3 +.1 - .4 +. l -.4 +. 2 - .3 0 -.3 
336 +. 3 -.4 +.3 - . 5 +.3 -.5 +.3 -.4 +. l -.3 
339 +. 5 -.6 +.3 -.6 +.4 -.6 +. 5 -.5 +.2 -.4 
342 +,4 -.5 +. 4 -.6 +.6- -.5 +. J - .4 +. 3 -.4 
345 +.4 -. 5 +.3 -.6 +.4 -.4 +.3 - .4 +.2 -.5 
348 +. 3 - .5 +.3 --5 +. 3 - .3 +. 3 -.4 +. 2 -. 4 

: 351 +. 3 -.3 +. 3 -.4 +. 3 -.3 +. 2 -.3 +.2 -.3 
354 +. l +. 2 +. 2 -.J +. 2 - .3 +. l +.l +.2 -.3 
357 +. l -.4 +. 2 -.4 +.l -.3 +, l -.3 0 -.3 

I 
360 +,l -.3 +. 3 -.5 0 -.3 +.2 -.2 +, l -.3 

-· ·~ _, - - J ---t I ...... ... ,. 

I• 

l ■IL. -- r -

► I !I::••~ 
I 

'I 

126. 5V ol t..<: 
22 Cycles 

cw ccw 

-.2 +.l 
-.2 +. l 
-.3 +. l 
-.1 0 
-.l 0 

0 -.1 
+. l - .1 

0 -.1 
-.3 +. l 
-.4 +. 3 
-.4 +. 3 
-.5 +.4 
-.5 +. 4 
... 5 +,4 : · 

I 

-.6 +. 5 
-.6 +. 5 

I 

-.4 +.4 1/j 
-.4 +.J ~\ -.2 G 

0 - . 1 r I 
0 -.1 ', 
0 0 l l -.1 +.l 

-.2 +. l I I 
-.2 +. l 11 

-.2 +.1 • 

-.3 -.1 
-.2 0 - . 

ti 

-.2 0 
-.1 • - .1 

0- -.3 
+. l -. 5 
+. 3 -.5 
+. 4 - . 6 
+. 5 -.5 
+. 4 -.4 
+. 3 -.3 
+. 3 -.4 
+. 2 I -,2 
+. 2 -.3 -· 
+. 2 ,: - .2 



TABLE 1 ( CONTr-rL'E.:... ) 

P.esults of Accuracy Tests before Endurance 'I'est 

Errors in Degre~s 

Ty)e !I J.. II transrr...i.. tter-generator connec teJ to 6 type IIJs:11 indicator-
motors. t otors and generator set to elecGrical zero before test. Errors 
give.:c as (-) lead the direction of rotation, those marked (-) lag. 'Ihus 
a(+) error in the cw direction indicates the same geometrical position 
as a co!-responding (-) error in the ccw direction . 

Generator 1,.otor No . 10 Motor No. 20 
Satting 115Volts 103 . 5Volts 126. 5Volts ll5Volts 103. 5Volts 126. 5Volts 

in bOCvcles 62 Cvcles 22 Cvcle~ 60C:Z:cles 6~ Cvcles 22 C:Z:cles 
:legrees cw ccw c:w ccw cw ccw cw ccw cw ccw c:w ccw 

J +. 2 - .3 + .2 - .4 +.l - . 2 +. 3 - -4 +.3 - -5 0 -.2 
6 +.2 -.4 +.3 - . 4 +.2 -.J +.3 - . 5 +. 4 - . 5 +. J - .3 
9 +.J -.3 +.2 - .4 +.2 -.4 +.4 - .4 +.4 - . 6 +.3 - . 4 

12 +. 2 -.J +.2 -.4 +.4 -.6 ... . 3 -.3 +.3 - . 5 +. 4 -.4 
15 +. 2 - .4 +. 2 - .4 +.4 - . 6 +.J -.4 +.4 -.4 +. 4 - . 6 
18 +.4 -. 5 +. 4 -.4 +. 5 

, 
+. 4 -. 5 ... 4 - . 5 +. 5 - . 6 - . o 

21 +.4 - .5 +.3 -. 5 +.4 / +.3 - . 5 +. J - .o +.4 - .4 
i,. 

- .o 
24 +.3 -.4 +. 2 - .5 +. J - . 4 +. 3 - . 4 +. 4 - . 5 +.3 - .J ,l 
27 +.2 - . 3 +.2 +. 5 +.1 - . 4 +. l - . 3 +. l +.6 +. l - .2 '' 30 +.l - .1 0 -.4 +.l -.J 0 -.2 0 - - 4 0 - .1 
33 0 - .1 -.1 -.2 +. l -.1 0 - . 1 0 -.3 0 . ·o 
36 -.1 0 - .1 - .1 +. l - .1 -.1 0 - .1 - .1 -.1 ,o 
39 -.1 0 - . 2 0 -.1 0 0 0 - .1 -.1 - .1 0 
42 0 - .1 - . 1 0 0 - .1 0 - .1 0 - .1 - .1 0 
45 - .1 0 - .1 -.1 -.1 0 0 0 - .1 - .1 - .1 0 
48 -.1 - .1 -.1 -.1 -.1 0 - . 1 0 - .1 0 -.1 0 
51 - .1 0 - . 2 0 0 0 - . 2 0 - .3 0 -.1 +.l 
54 0 +. l - .1 0 +.l - .J 0 0 -.2 0 0 0 
57 - .1 0 - . 2 0 +.l -.1 -.2 0 - . J 0 0 ~o 
60 +. l - . 1 - . 1 0 0 0 0 0 0 +.l 0 0 
63 0 0 0 0 - . 1 0 - . 2 0 -.1 0 - . 2 ·+.2 
66 -.2 0 -.3 +.l -.2 +. l -.3 0 - . 4 +.l -.4 + . /4 
69 -.J +.l -.3 +.l -.3 -.1 - .J +.3 -.4 +.2 - .4 - .'4 
72 -.4 +.2 - . 6 +. 4 -.4 ... . 3 - .4 +.l. -.6 +. 4 -.5 +~5 
75 

, 
+.4 -.6 +.4 -.5 +.3 -.6 +.5 - .6 +. 5 - . 5 +,. 4 - . o 

78 - . 6 +. 4 - .6 +.4 -.6 +. 4 -.6 +.5 -.6 +. 4 -.6 +. 5 
81 - .6 +. 5 -.6 +. 4 -.6 +. 4 -.6 + .. 5 - .6 +. 5 - .6 / +. o 
84 -.5 +. 4 - . 5 +. 4 -.6 + .4 -,6 +.5 -.5 +. 5 - . 6 +. 5 
87 -.5 +.4 - . 5 +. 3 - . 6 +.4 - . 6 +. 5 -.6 +. 5 - .6 +. b 
90 - . 5 + . 4 - . 6 +. 4 - . 5 ... . 4 - . 5 +. 5 -.? +.6 -.6 +. 5 
93 - . 5 +. 4 - . 6 +.4 - .4 +.l - .6 +. 5 - . 7 +.6 -. 5 + . 4 
96 - .4 +.4 - .7 + . 4 -.3 + .1 - .6 +. 5 - .7 +.6 - . 4 +.4 
99 - .3 +.3 -.5 +.3 -.2 0 - . 4 +,4 -.6 +, 5 - -4 +.4 . 

102 -.4 +.3 - . 5 +. 4 -. 4 +.1 - . 4 +. 4 - .6 +. 5 -. 5 +. 5 
105. - . 5 +. 4 -. 5 - . 4 +.2 - .6 +. 5 - .6 +,5 -.6 I • 5· t • .. ~ 
108 . - . 5 +. 3 - .6 - . 5 JI +. 8 -.6 +,6 - . 7 +.6 - .7 . .. 
111 . - .7 +. 5 - .? I +. 4 -.5 . +. 7 -.? +.6 -.8 +~6 -.7 . ' - I - • -- =·"'t • -...... 

. 

' . .. 



_TABIE 1 ( CotJTINUED) 

Fi.e51.:.lk of A,;cul'acy Test s before End t1r c:,".l ce 'l'est 

Errc,-r s in Iiegr~cs 

Gene rator --~0tcrr_ tis'~. lO ___ 1.v. O~' NL'. 2() 
Set ting l:=..5 T ~l t_, .LC 3. 5V0l ts 126 • .SVolts l:i.~ Jnl ..,,., ]CJ )'Jolt s ~•26 . 5Vol t~ 

Lt-1 Y,Cys,l e ~ _ _s :;_s ;r ::i e§_ 22 Cycl~.§. 60..Qlr 1 a:: _J_5 Gy.·ien - :.i:2 Cycl es 
Degree s C'tf CCIV Ctl ---ccw (J',7 c cw· C'T CC-' cw ccw £!!__ -~i;:-.· 

114 -.6 +.4 -.7 +.5 -.5 +.? -.? +.6 -.9 +. 7 -.6 +. 5 
117 -.7 +.3 -.7 +.4 -.5 +.3 -.7 +.6 -.8 +.b -.7 +. 5 
120 -.6 +. 4 -.6 +. 4 -.4 +.4 -.6 +.4 -.7 +.5 - . 4 +.3 

.J.23 - .4 +. 4 -.5 +.J -.5 +.l -.5 +. L, -.6 +. 4 -.6 +.3 
126 -.3 +.l -.6 +.J -.4 +.l -.4 +.4 - . 6 +.5 -.5 . .., 

.,. • _j 

129 -.3 +.1 -.4 +.l -.1 -. l -.4 +.2 -.6 +.4 -.4 +. l 
132 -.4 +.1 -. 4 +.2 - .1 -.2 -.5 +. l -.6 +.4 -.2 0 

135 -.2 0 --4 +.l 0 -. 3 -.3 +.2 -.6 +.4 - .1 - . 1 
138 0 - .2 --4 0 +.2 -.4 -.1 0 -.5 +.2 0 -.2 
141 0 -.2 -.2 -.1 +.l -.2 -.1 -.1 -.4 +.l 0 0 

l/44 0 -.3 -.1 -.1 +.l --4 -.1 -.1 -.J +.1 -.1 -.1 
14? +.l - .2 -.1 -.3 +.l -.3 0 -.1 -.2 0 -.1 -.1 
150 0 -.2 - .1 -.1 0 - .3 -.1 -.1 -.2 0 -.9 -.2 
153 0 0 -.2 0 +.l -.3 -.2 0 -.4 +.2 0 -.1 
156 0 - .1 -.3 0 0 - .3 -.1 0 -.4 +. l -.2 0 
159 0 - .2 -.1 - .1 +.l -.3 0 -.1 -.2 0 0 -.1 

r 162 +.2 -.4 +.l -.3 +.l -.4 +.l -.3 0 -.2 0 -.2 
165 +.2 -.2 0 -.3 0 -.3 +. 2 -.1 0 -.1 0 -.2 ... 

168 +.2 --4 +.l -.3 +.2 -.4 +.2 - .. 3 0 - .2 +.l -.3 
171 +.2 -.4 +.l -.3 +.4 -.6 +.1 -.2 -.1 -.1 +. 2 -.4 
174 +.2 - . 5 +.l -.3 +.4 -.6 +.2 - .3 -.1 .... 1 +.J- -.5 
177 +.3 -.4 +.2 -.3 +. 4 -.6 +,.3 -.3 0 -.1 +.4 -.5 
180 +.3 -♦ 5 +.3 -.4 +.4 -.5 +.3 - .4 +.2 -.J +. 4 -.5 
183 +.3 --5 +.2 -.4 +.3 -.5 +. 3 -.4 +.l -.3 +.3 -.4 
186 +.) -.3 +.2 -.4 +.3 -.5 +.2 -.3 +.l -.3 +.l -.4 
189 +. 2 -.4 +.l -.4 +.4 -.5 +. 2 -.1 +.l -.2 +.4 -.4 
192 +.l -.3 0 - .2 +.3 -.5 +.2 -.2 0 -.1 +.2 -.4 
195 0 -.2 -.1 -.1 +.3 -.5 +.l -.2 0 -.1 +. 3 - .3 
198 +.l -.2 0 -.2 +.4 -.4 +.l -.1 0 0 +.3 -.4 
201 -.2 - .2 0 -.3 +.l -.3 -.2 -.2 0 -.1 0 -.3 
204 +.2 --4 0 -.3 +.2 -.4 +.2 -.1 -.1 -.3 +. l -.J 
20? +.l -.3 0 -.3 +. 2 - .4 +.1 0 0 0 +.l -.3 
209 +.l -.2 -.1 0 +.3 -.3 0 0 0 -.1 +. 2 - . 3 
210 +.l -.2 -.1 0 +.3 -.3 0 0 0 -.1 +. 2 --3 
213 +.l -.2 0 0 +.4 -.5 0 0 -.1 -.1 +. 3 --4 
216 +.2 -.2 0 -.1 +.4 ✓ - .o +.l 0 0 -.1 +.2 -.4 
219 +.2 -.3 Q -.2 +.4 -.5 +.2 0 0 - • .3 +.2 --4 -1 222 +.l -.3 0 -.1 +. J -.4 +.l 0 0 -.1 +.2 -.3 
225 0 -.2 -.1 -.1 +.l -.2 0 0 -.1 -.1 0 ' -.1 

I 228 0 -.1 -.1 0 0 -.2 0 +.2 -.1 0 -.1 0 
231 0 0 -.4 +.l 0 0 -.1 +.2 - • .3 +.2 -.1 
234 .. -.3 +.l -.4 +.l -.1 -.1 -.2 +.4 --4 +.2 - .. 1 

·-y, 23? -.J +.2 -.4 +.l -.l 0 -.3 +.4 -.4 +.2 -.2 
I - ..... .. 
1: - - I 

I----.. ~t 



·-

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, 5Vol ts 126. 5Volts 

in 60Cycles 62 Cycles 22 Ovcles 60Cy-cles 62 Cycles 22 Cycles 
Degrees cw ccw cw ccw cw ccw cw ccw cw ccw cw ccw 

240 -.J +.l -.J +. 2 -.3 +. l -.2 +. 2 -.3 +.l -.3 +. l 
243 ..... 2 0 -.3 +.l - .3 +.2 -.1 +.l -.2 +.l -.3 +.l , I 
246 -.3 +. l - .4 +.2 -.4 +.2 -.1 +. l -.3 +. l - . 4 

,., I + . ,G 
I I 

249 -.2 +.l -.4 +. 2 -.J +.l -.2 +.l -.3 +.l -.3 +, l 
252 -.3 +.l -.4 +. 3 -.1 +.1 -.3 +.2 -. 4 +.3 -.2 +.l 
255 -.L +.l -,4 +.3 -.1 0 -.3 +.l -.4 +.3 -.1 0 •• 
258 -.J +. l -.4 +.3 0 0 - . 2 +.1 -;3 +,l -.1 0 
261 -.3 0 -,4 +.3 -.1 0 -.2 0 -. 4 +.2 -.1 +.l 
264 -.3 +. 2 -.4 +.3 -.4 +.4 -.J +.l -.3 +.l -.4 +,4 
267 --4 +. 2 -.4 +. 4 -.4 + . l, -.3 +.2 -.3 +.3 -. 4 +, 3 
270 -.4 +. 3 -.6 +,4 -.4 +,5 - .4 +,4 - .. 5 +,4 -.4 +, 4 
273 -.6 +.5 -.7 +.6 -.6 +,4 -.6 +.5 -.6 +.4 -.5 +.4 
276 -.6 +,5 -,? +.6 -.6 +.5 -.5 +, 4 - .. 6 +, 5 -,5 +,4 
2?9 -.6 +,5 -.6 +.6 -.6 +, 5 -.5 + ,b -.5 +, 4 -.6 +. 4 
282 -.5 +.4 -.5 +.4 -.? +,5 -.4 +. 3 -.4 +.3 -.5 +. 5 
285 -.6~ +,4 -.6 +, 4 -.6 +. 4 -.4 +. 3 -.4 +.3 -.5 +, 4 
288 -.4 +, 4 -,5 +, 4 -.5 +,4 -.1 +.1 -.2 +.l -.4 +.3 
291 -.7 +,4 -.5 +,4 -.4 +.4 -.6 +.3 -.4 +. 4 -. 4 +. 4 
294 -,4 -.2 -.5 +.4 -.4 +, l -.1 -.1 -.3 +.3 -.3 +.1 
29'7 -.2 +.l -.4 +.3 -.2 0 0 +. l -.3 +.l 0 0 
300 -.1 +,3 -.3 +. l -.1 0 0 0 -.1 0 0 - .1 
303 -.1 0 -.3 0 0 +.l 0 0 0 0 0 +.l 
306 -.1 +,l -.1 +, l -.2 +.l -.1 0 0 0 -.2 +.l 
309 -.2 +.l - .4 +.l -.2 +.l -.1 0 -.1 0 -.2 +. l 
312 -.3 +.2 -.3 +.2 -.J +.l 0 +,l -.1 0 -.2 0 

315 -.2 +,2 -.3 +,l -.2 0 -.1 +.2 -.2 0 -, 2 +,1 
318 -.3 -.1 -.2 0 -.1 0 -.2 +.l 0 -.1 -.1 0 

321 -.1 +.l -.1 0 -.1 -.1 0 0 0 -.2 -.2 0 
324 0 0 0 -.l -.l 0 0 0 +.l -.3 -.1 0 . .. 
327 +. l -.1 0 -.3 -.1 -.1 +.2 -.2 +.2 -.4 -.1 - .1 

330 0 -.1 0 -.1 0 -.2 +. l -.2 +.l -.4 0 -:i 
- • ; J 

3.33 +.2 -.3 0 -.2 0 -.5 +. 2 - • .3 +.l -.4 +,l -.4 
336 +,2 -.3 +.l -.4 +. J -,4 +. 3 -.4 +.3 -.5 +. 3 -,5 
339 +,4 -,4 +, 3 -.5 +.4 -.6 +. 5 -.6 +,4 -.6 +.4 -.6 
342 +. 3 -.4 +, 4 -.5 +,4 - .4 +. 4 -.5 +.5 -.6 +,5 -.L,. 

345 +,3 -.4 +.4 -. 5 + • .3 -.J +. 4 -.5 +,4 -.7 +. 4 -.4 
348 +.2 -.3 + .. J -.4 +.3 - .2 +. 3 -.4 +.4 -.4 + .. .3 -.3 
351 +. 2 -.2 +. 3 -.3 +. 3 +.2 -.3 +.J - .4 +.2 - • .3 • 

-.4 r 

354 +,l +.l +,l -.2 +, 2 -,3 +, l +,2 t , 2 -.J +,l - . 2 
357 +,l -.2 0 -.J +. 2 ~ -.3 +. 1 - ,4 +.2 -.4 +,2 -.3 I ' .-
360 +.l -.2 +. l -.3 +. l -.3 +. 2 -.3 +.3 -.4 +.1 - .3 --¼ 

r;... 
'· 

~ 

- .- ... ' 
j I I ·. .. 

I ~-'t • 11 ~ 1 I f I ..... -- -■ =---=- . ..;:.... II,, ._ _.h. 



TABLE 2 

Results of Accuracy Tests before Endurance 

Errors in Degrees 

Type "B" transmitter- generator connected to 20 type IIM!I indicator-
motors. Errors of only 2 motors recorded. Motors and generators set 
to electrical zer0 before test. Errors marked t +) lead the direction 
of rotation, thosE· marked (-) lag. 'Ihus a (+) error in the cw direction 
indicates the same geometrical position as a corresponding(- ) error in 
the ccw direction. 

Generator Motor No . 12 Motor No. 1 
Setting 115Volts lOJ. 5Volts 126. 5Vol ts ll5Volts 10J. 5Volts 126. 5Volts 

C' 

in 60Cycl es 62 Cycles 25 C;ycl es 60Cvcles 62 Cycles 22 Cycles 
Degrees cw ccw cw ccw cw ccw cw ccw cw ccw c:'N ccw 

3 -.2 0 0 -.5 -.1 0 +. 5 -.? +. 8 -1 .2 +. 5 -.7 
6 -.3 0 +.l -.4 -.2 +. l +. 4 -.6 +. 8 - 1 .1 +.5 -.6 
9 -.2 0 0 --4 -.l 0 +. 6 - . 6 +. 8 - 1 .1 +.6 - . 8 

12 -.2 0 0 -.3 0 - .1 +.6 -.6 +.8 - 1.0 +.7 -.9 
' 15 - .1 0 0 -.J a -.1 +. ? -.6 +. 8 - 1 . 0 +. 7 -.~ 

18 -.3 +.1 0 - . 3 -.1 -.1 +.6 -.6 +. 8 - 1.0 +. 6 - .9 
21 - .J +. l 0 - .3 -.l 0 +.6 -.7 +. 8 -1.1 +. 6 - . C ·-
24 -.3 0 0 -.4 -.2 0 +.6 -.6 +.9 - 1.1 +. 5 -.? 

·~ 27 -.4 +.l -.1 -.3 -.2 0 +.6 - . 7 + .. ? -1.1 +. 5 -.7 
30 -.4 +.l -.1 -.3 -.1 0 +. 5 -.6 +. 7 - 1.0 +. 6 - .9 
33 - .5 +. 3 -.3 -.1 -.3 0 +.5 -.6 +.7 - 1.0 +. 6 - . 8 
36 -.5 +. 2 -.4 -.1 -.J +. l +. 5 -.6 +. 6 -.9 +. 6 -.7 
39 -. 5 +. l -.3 -.2 - • .'.3 +.1 +. 5 -.6 +. 6 -1 .0 +. 6 - .7 

' t;z - . 4 +. 3 -.2 -.1 -.4 +. 2 +. 5 -.6 +. ? -1.0 +. 5 -.6 
45 - . 5 +. 2 -.3 -.1 -.4 +. 3 +. 5 -. 5 +. 6 -1.0 +. 4 -.5 
48 -.4 +. 2 -.3 -.1 -.4 +.2 +. 5 -. 5 +.? -1 .0 +.5 -.6 

• 1 

51 - . 4 +.2 0 -.4 +. l +. 5 -.6 +.6 -.9 +. 6 -.7 -.4 
54 -.5 +.2 - .3 0 -.3 +.l +. 5 -. 5 +. 6 -.8 +.6 -.7 
57 -.4 +. 2 -.4 0 -.3 +. l +. 5 -.5 +. 5 -.8 +. 6 - .7 
60 -.4 +. l -.2 +. l -.3 +.l +. 5 -.5 +.6 -.8 +. 5 - .6 
63 - . 4 +.2 - .3 +. l -.4 +.3 +.4 -.4 +. 5 -.8 +.4 - . 5 
66 - . 5 +.3 -.3 +. l -.4 +.4 +.4 - .4 +.6 -.? +. 4 - .5 
69 -.5 +-.3 -.4 +. l -.4 +.J +. 5 - .4 +. 5 -.? +. 5 / -.o 
72 -.6 +. 4 -.5 +. l -.4 +.2 +. 4 -.3 +. 4 -.? +. 5 - .. 6 
75 -.4 +. 4 -.5 +.l -.4 +.l +. 5 -.4 +. 4 -.6 +.6 -.6 
?8 -. 5 +. 3 -.4 +.l -.4 +.3 +. 5 -.4 +. 4 -.6 +. 5 - . 2 
81 -.5 +. 3 -.4 0 - . 5 +. 4 +.4 -.3 +. 4 -.6 +. 4 - .1 
84 - . 4 +. 2 -.5 0 - • .5 +.4 +. 5 - . 3 +.4 -.6 +. 4 0 
87 -.4 +. 2 -.4 -.1 --4 +. 3 +.5 -.4 +.5 -.8 +. 4 - . 2 
90 -.4 +. 3 -.4 0 -.4 +. 2 +. 4 - .3 +. 4 - . 6 +.4 -.3 )_ 
93 -.4 +. 2 - -4 0 -.2 +. l +.4 -.3 +. 4 -.6 +. 4 -.3 _; I 
96 - .4 +. 2 -.4 -.1 -.2 +.l +. 4 - .3 +. 4 -.6 +. 4 -.3 I • "'[ 
99 I -.4 +.1 -.J -.1 -.2 +. l +.4 - .4 +.4 - .6 +. 4 . -.2 IC" : 

l02 -.3 +. l -.2 -.1 -.2 +.l +. 4 -.4 +. 4 - .6 +. 3 - . 1 :~. ·- ~ .... } 0 
... 

105 -.3 0 -.1 -.1 -.3 +. l +. 4 - .3 +.5 -.6 +.2 ' .... 1 
108 -.4 +. l -.3 -,.1 -.3 +.l +. 4 -.2 +. 5 - . 5 +. 3 0 L 

:J -=' 111 -.4 +. l -.3 -.1 -.1 0 +. 3 - . 2 +.4 -.4 +.3 l - .1 --



- ...... - . .__ ., - =j- ,,. ..;... r. 

TABLE 2 ( COJTINUED l 
j 

Results of Accuracy Tests before Endurance 

Errors in Degrees 

Generator Motor No. 12 Motor No . 1 
Setting 115Volts 103. 5Volts 126. 5Vol ts ll,5Volts 103 . 5Volts l26. ,5Vol ts 

in 60Cycle~ s:.. Cycles 22 Cycles ~les 62 Cycle~ 2.'.2 Cycles 
De_grees cw cc·; ~-- ccw cw ccw cw C~ GW_ ccw cw ccw 

114 -.4 + . l. I 
- • -+ 0 -.1 0 +.4 -.2 +.3 -.4 +.3 - . 1• 

117 -.4 +.l -. 4 0 -.2 0 +.2 -.1 +.2 --4 +.3 ~. l 
120 -.3 +.l -.1 -.1 -.1 0 +.3 -.2 +.4 -.4 +.l 0 
123 -.3 +.l -.1 -.1 - .. 1 -.1 +.2 -.2 +.4 -.4 +.l -.1 
126 -.3 +.l -.1 -.2 -.2 0 +. l -.1 +. 4 -.4 0 -.1 
129 -.4 0 -.2 -.1 0 -.1 0 -.5 +.3 ... . 3 0 0 

132 -.2 0 -.3 -.1 +.l -.3 +.l .... 5 +.3 .... 2 +.1 -.1 
135 -.1 0 -.2 0 +.l -.2 0 -.4 +.3 -,.2 +.l - .1 
138 -.1 -.1 -.1 -.4 +.2 -.3 +.1 -,6 +.4 -.4 +.2 -.1 
141 0 -.1 0 -.4 +.l -.3 +. 2 -.5 +.4 -.4 +.l -.1 
144 -.1 -.1 0 - . 4 0 -.1 +.l -.3 +.4 -.4 0 0 

147 -.1 -.1 0 - . 3 +.l -.2 +.l -.4 0 -.4 0 0 

150 -.1 -.1 0 -.1 +.l -.2 0 -.4 -.1 -.3 +.l 0 

153 -.J 0 -.1 -.1 0 -.2 0 -.4 -.1 -.3 +.l - .1 
156 -.2 0 -.1 -.1 0 -.1 0 -.4 -.1 -.3 +.l -.2 
159 -.2 0 -.1 . -.4 0 -.1 0 -.4 -.2 -4 0 -.1 
162 -.2 0 0 -.4 -.1 0 0 -.3 -.1 -- 4 - .l 0 

165 0 - .1 +.l -.5 0 -.1 0 -.3 +.l -. 5 -.1 0 
168 -.1 -.1 +.l -.4 0 -.1 0 -.4 +.l -.4 -..l -.1 
171 -.1 -.1 0 -.3 + .. 1 -.2 0 -.3 -.1 -.3 - ..I 0 
174 -.1 -.1 0 -.4 +.J - . 4 -.1 -.3 -.1 --4 0 -.2 
177 0 -.2 +.l --4 + .. 3 -.4 0 -.4 0 -.4 0 -.2 
180 +.l -.3 +.l -.4 +.2 - .4 0 --4 0 -.4 0 -.2 

• L • . 183 0 -.1 +.l -.4 +.l -.3 -.1 --4 0 -.4 -.1 -.1 
'l 

186 -.1 -.1 0 -.4 0 -.2 0 -.3 -.1 --4 -.1 -.1 
189 -.1 0 -.1 -.4 + .. l -.3 -.1 -.3 -.J - .3 0 -.3 
192 -.1 -.1 -.1 -.3 +.3 -.4 -.1 -.4 -.3 -.J +.l -.4 
195 -.1 -.l -.1 -.3 +. J -.3 0 -.4 --3 -.3 +.l -.4 
L98 -.1 0 -.2 -.1 +.l -.2 -.1 -.4 --4 -.3 -.1 --4 
201 -.2 -.1 0 -.3 +.l -.2 - . 1 -.5 -.2 -.4 -.1 -.3 JI 

204 -.2 -.1 0 -.4 +.l -.2 -.1 -. 4 - .2 -.4 -.1 -.3 
207 -.1 -.1 0 -.4 +.l -.3 0 -.4 -.1 -.4 -.1 --4 
21-0 0 -.1 0 - .3 +.2 -.3 0 -.4 -.2 -,4 0 -.4 
213 -.1 -.1 0 -.3 +.J -.5 -.1 -. 5 -.2 - ·. 4 +.l -.6 
216 0 -.1 0 - .3 +. J -.4 0 -.5 -.2 -.4 +. l -.4 
219 +.1 -.J 0 -.3 +.2 -.4 0 -.6 -.2 -.3 0 -.6 
222 0 -.J +.3 -.4 +.2 --3 0 - . 5 -.1 -.4 -.1 - . 5 
225 0 -.2 0 -.4 0 0 0 -.5 -.1 - .4 -.1 -.4 

1 228 -.1 -.2 +. l -.4 +.1 -.2 0 -.6 0 -~4 -.1 -.6 
231 -.1 0 -.2 +. l -.3 0 -.5 -.2 -.2 0 -.6 
234 0 - .1 +.l -.3 0 -.5 -.3 -.2 0 -.6 ,._ . 
23? -.2 0 -.1 -.3 -.2 0 

, 
- . 5 

•• II '" .. · -.2 -.5 -... - .l --. .... 1_,.:.-.,; j 

.. A. r i:·· Al~1 • . .. "".f• :-·-=.-a - !" -. -- t 
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TABLE 2 (CONTINUED) 

Results of Accuracy Tests before Endurance 
. -

Errors in Degrees 

Generator Motor No. 12 Motor No. 1 
Setting 115Volts 103. 5Vol ts 126. 5Volts ll5Volts 103.5Volts 126.5Volts 

in 60C;ycles _2,2 Cycl~ 22 Cycl es 60C:vcles -22.._C;,y:cles _j5_ Cycles 
Degrees cw cow cw ccw cw CCW' cw ccw cw ccw cw ccw 

240 - .1 -.1 0 -.4 +.1 -.1 0 - .5 - .1 -.4 0 - . 4 
243 -.1 -.1 0 -.4 -.1 0 0 -.5 -.1 - .4 - .3 -.4 
24b -.1 -.1 +.l -.4 0 -.1 0 -.5 0 -.4 -.1 - .4 
249 -.1 -.1 0 -.4 +.l -.2 0 -.6 -.1 - .. 4 0 - . 5 
252 -.2 - .1 -.1 -.2 +.2 -.3 0 -.6 - .2 -.3 +.l -.6 
255 0 -.1 0 -.3 +.2 -.3 +. l -.6 -.1 -.3 +. l -.6 
258 0 -.1 -.1 -.3 +. l -.J +. l -.6 -.2 -.3 +. 1 -.6 
261 -.1 -.1 0 -.3 +.1 -.2 0 -.6 - .1 -.4 0 -.5 
264 -.1 -.1 +.l -.4 0 -.1 +.l -.6 0 -.4 -.1 -.5 
267 -.1 -.1 +.l --4 -.1 -.1 +. l -.7 0 -.4 -.l -.6 
270 -.2 0 - .. 1 -.2 0 0 0 -.6 -.1 -.7 0 -.6 
2?3 -.3 0 -.1 -.1 0 -.1 0 -.6 -.2 

, 
-.o +.l -.6 

276 -.2 0 -.1 -.2 0 -.1 0 -.6 -.l -.6 0 -.6 
279 -.2 0 -.1 -.3 -.1 0 0 -.6 -.1 -.8 -.1 - . 6 
282 -.1 -.1 -.1 -.4 -.1 0 0 -.7 +.l -.8 -.l -.5 
285 -.1 -.1 +.l -.4 -.1 0 +.l -.7 +.l -.9 -.1 -.5 
288 0 -.1 +.2 -.4 0 -.1 +.l -.8 +.2 -.9 0 - .6 
291 -.1 -.2 0 - .3 -.1 -.2 +. l -.9 0 -.7 0 -.7 q 
294 -.1 -.2 +.l -.4 -.1 -.J +.l -.9 +.l -.9 -.2 -.9 

I I I • 
297 -.1 -.1 +.l -.4 +.l -.3 +.l -.8 +.l -1.0 +.l -.8 

...... 300 0 -.3 +.2 -.4 +. l -.3 +.2 -.9 +. 2 -1.0 +.l -.7 I 
• 303 -.1 -.1 +.l -.4 0 -.1 +.1 -.8 +. 2 -.9 0 -.7 1 .. : 306 -.1 -.1 0 -.4 0 -.1 +.l -.8 +.l -.9 0 - . 7 

309 -.1 0 0 -.3 0 -.1 +.l -.9 -.1 -.9 +.l -.9 - ... 
312 -.8 -.8 -.8 

~ 

-.1 0 - .1 -.2 +.l -.2 +. 2 0 +.2 
315 - .1 0 -.1 -.3 +.l -.2 +.l -.7 -.1 - . 7 +.l -.8 _""J 

318 -.3 0 0 -.3 0 -.1 0 -.? 0 - .9 0 -.8 
321 -.l -.1 0 -. 4 0 0 +. l -.9 +. 2 -.9 0 -.6 
324 -.1 -.1 0 -.4 -.1 0 +. l -.9 +.l -l..l -.2 -.6 
327 0 -.2 +. 2 -.5 0 -.1 +. 2 -.9 +.3 - 1.3 0 - .7 
330 0 -.1 +. l -.4 0 - .1 +. 2 -.8 +. 2 -1.1 +. l -.7 
333 - . 2 -.1 0 -.3 0 -.1 +.l -.9 +.2 -1.0 +.l -.7 

j 

336 -.2 0 0 -.4 0 - .1 +. 2 -1.0 +.5 -1.1 0 -.8 
.339 -.1 0 +.2 -.5 0 -.1 +. l -1.0 +.? -1.2 0 -.8 
342 -.2 0 +.l -.5 -.2 0 +.l -.9 +.6 - 1 .1 -.2 -.5 
345 -.1 -.1 +.2 - .. 5 -.l 0 +.l -.9 +.6 -1.3 -.2 -.5 
348 -.2 0 +.2 -.4 -.1 0 0 -.9 +.6 -1-1 -.1 -.6 ... - ~ t 
351 - .3 +.1 0 -.3 - .1 0 0 -.9 +. 5 -1.0 -.1 -.6 I I 

F 354 -,4 0 -.l -.3 0 -.1 ..... 1 -.9 +.5 -1.0 0 -.6 :..-rr• 357 -.4 +.l -.1 -.2 0 -.l -.1 - . 8 +.6 -.9 -.1 -.5 - - 360 -.J 
.,, 

0 +.l -.4 0 -.1 -.1 -.8 +.9 -1.2 -.1 -.4 

I ~, ... II 

l 
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Results of Accuracy Tests before Endurance 

Errors in Degrees 

One type 11N11 indicator-ootor connected to a type 11A11 transmitter-
generator. Motor and generator set to electrical zero before test. 
Errors rr.arl-:ed ( +) lead the direction of rotation, those marked (-) lag. 
'Ihus 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_~ycles 65 Cycles 55 Cycles 
Degrees cw cc,r cw caw aw ccw 

3 
6 
9 

12 
15 

t 18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 
51 
54 
57 
6o 
63 
66 
69 
72 
75 
78 
81 
84 
f!/7 

90 
93 
96 

, 99 
102 
105 
108 
111 

+.2 
+.2 
+. 2 
+. 3 
+. 3 
+.3 
+. 3 
+. 4 
+.3 

0 
0 

- .1 
-.4 
-.5 
- . 5 
- . 4 
-.J 
-.3 
-.3 
- . 3 
-.1 

0 
- .4 
- .4 
-.5 
-.5 
- . 6 
- . 6 
- . 5 
- . 5 

.-.6 
- . 5 
-.5 
-, 4 
-.3 

0 
-.3 
-.2 
- • .3 
-.2 
-.3 
-.3 
- .J 
-.2 

0 
0 

+. l 
+ • .3 
+.5 
+. 7 
+.6 
+. 4 
+ .. J 
+. 2 
+. l 
+. 2 
+. 1 
+. 4 
+.5 
+. 5 
+.6 
+. 6 
+. 6 
+.5 
+.6 
+. 6 
+.6 
+.6 
+, 4 
+. 3 
+. 3 
+. 4 

+.l 
+.l 
+. 3 
+. 3 
+.2 
+. l 
+.3 
+. 2 
+.J 
+. 2 

0 
0 

-.1 
-.2 
-.4 

0 
- -4 
--4 
-.4 
-.4 
-.3 
-.2 
-.1 
-.4 
-.4 
-.4 
-.6 
-.6 
-.6 
-.6 
-.6 
-.6 
- -5 
- . 4 
--2 
-.3 
--4 

-.3 
-,4 
- .J 
- .J 
- . 3 
-.2 
-.1 
- .4 
-.3 

0 
0 
0 

+.l 
+.3 

0 
+.3 

0 
+. l 
+. 3 

0 
+ .1 
+. l 
... . 4 
+.4 
+. 5 
+.6 
+.6 
+.6 
+. 5 
+. 6 
... . 6 
+.6 
+. 5 
+. 4 
+.l 

- +.3 

-.1 0 
0 0 
0 - .1 

+. 2 -.2 
+.3 - .3 
+ • .3 - -4 
+ . 1,. -.4 
+.4 - • .3 
+.2 - -4 

0 -.2 
0 0 

-.2 0 
--4 +.2 
- . 5 +. 4 
- .6 +.4 
-.6 +.3 
- . 6 +. 2 
-.4 0 
-.2 0 

0 0 
0 0 

-.2 0 
-.3 -.1 
-.4 +.4 
- . 4 +.4 
-.6 +.4 
- .6 +.6 
-.6 +.6 
- .6 +.6 
- .6 +.6 
-.6 +.6 
-.5 +.6 
- . 5 +. 5 

+. 5 
+.5 

' +. 2 
+. 4 

.. .. .. -

J 
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TABLE 3 ( CCll TINUED) 

Results of Accuracy Tests before Endurance • I 

Errors in Degrees 

Generator Type N Motor 
Setting 115 Volts 103. 5 Volts 126.5 Volts 

in 60 C:.zcles 0,2 C;ycles _22,.._J:;ycles _ 
De'?I'e"3s (;W ccw CW ccw CVI ccw 

114 -.4 +.4 -.4 +. 3 -.4 h4 
117 - . 4 +.4 -.4 +.4 -.5 +.4 
120 -.4 +.4 --4 +.4 -.5 +.4 
123 -. 5 +. 5 - . 4 +.4 - .6 +.6 
126 -.4 +.4 -.4 +. 4 - -5 +. 5 
129 -.4 +.4 -. 4 +.3 --5 +. 4 ,,. 
132 -.4 +.3 -.3 +.3 -.3 +.3 

~ 135 -.3 +. 2 -.2 +.l -.1 +. 2 
138 -.2 +. 2 -.2 +. l 0 0 
J.41 -.1 +.l -.2 0 0 0 

■ 144 0 -.1 0 -.1 0 - . 1 
I - 147 0 -.1 0 -.1 +.l 0 

► I •• 150 0 0 0 -.1 0 0 

' 153 0 -.1 0 -.1 0 G ,,.~, 
156 0 0 0 -.1 0 0 

159 0 +.l +.l -.1 -.2 +.l 
162 0 0 0 - .1 -.J +.3 

L 165 +.l -.1 +.4 - .4 -.1 0 
L I 168 0 +. 3 ") 0 0 _ ... - . 1 --✓ 

171 0 0 +.2 -.1 0 0 
174 +. 2 -.1 +. J -.3 +.2 0 
177 +.2 -.3 +. 4 -.4 +.2 -.3 

1 180 +. 3 --4 +.4 -.3 +. J -.4 - 183 +. 3 -. 4 +. 3 -.4 +.4 -.4 
-w •• --~ J .. .. 186 +.J -.4 +. 4 -.4 +.J -.4 . 

189 +. 3 -.J +. 4 -.4 +. 3 -.2 - 7:. ---
--1. . 192 +. J -.J +. 4 - . J +.3 -.3 
! 195 +.J ..., .J +.3 - .3 +.3 -.1 

198 0 0 0 -.1 0 0 
201 -.1 +.1 0 0 -.2 +.2 
204 0 0 +. l -.1 0 +.2 
207 0 0 0 0 -.1 +.l 
210 - .1 +. l 0 0 -.1 +.2 
21.3 0 +.1 0 0 -.2 +.2 
216 0 0 0 0 0 0 

f 219 0 0 0 0 0 0 

222 0 -.1 +.1 - .3 0 0 
. - 22.5 . +. l -.2 +. 4 --4 0 0 

:11 228 0 0 +. 3 -.1 0 0 -.. I I 

E .... . ~ -- ... . ---,. 2.31 -.1 +.1 +. l - -.1 -.1 +. l 
I I L~-,1. .L ... 

~ 234 ~ -.1 +.1 0 0 -.1 +.2 -
~ -. 23? . -.3 +.J -.2 +.l -.4 +. J L !:.~ .. -· ..~~.-,,I 

-:..__ ... .J- --- .r_; ! I 
1...-~ . ~ 11h ;_~ ■-· 



TABLE, 3 ( CONTilJUED ) 

Results of Accuracy Tests before Endurance 

Errors in Degrees 

Generator Type N .Motor 
Setting 115 Volts 103 . 5 Volts 126. 5 Vol ts 

in oO Cycles 62 Cvcles 22 Cycles 
Degrees cw ccw cw ccw cw ccw 

240 -.3 +. 4 - .3 +. 3 -.4 +.4 
243 - .4 +.4 - . 2 +.2 - .4 +. 5 
246 - .3 +.3 -.3 + .1 - .4 +.4 
249 - .3 +.4 - .3 +. 3 - . 4 + .4 
252 - . J +.4 -. 4 +.4 -, 4 +.3 
255 - .3 +.3 -.4 +. 4 - .2 +.J 
258 - . 4 +. 4 - . 4 +.4 - . 4 -.3 
261 -.3 +,4 - .3 +. 3 - .2 +.2 
264 -.2 +. 3 -.1 +. l - .2 +. l 
26? - . 2 +. 3 -.2 +. -. -.1 +.l 
270 - . 3 +. 3 -.4 L.J - . 4 +.3 
273 -. J +. 3 -.4 +.2 -.4 +.4 
276 - -4 +.4 -.4 +.2 - , 5 +.4 
279 - .4 +. 5 - .4 +. J - . 5 +.6 
282 - .4 +. 4 -.J ... . J - . 6 +. 6 
285 - .3 +.J - .1 +. l - . 5 +, 5 
288 -.3 +,J - .1 () -.4 +. 4 
291 - . J +.3 -.3 +.2 - . 4 +.4 
294 - .3 +.3 - .2 +. l - .3 +.3 
297 - .2 +.J - .1 0 - . J +.3 
JOO - .2 +.2 0 0 - .2 +.2 
303 - .1 +. l 0 0 - .1 +.2 
306 - .1 0 +. l - .1 0 0 
309 - .2 +. l 0 C - . 1 +,3 
312 0 +. l +. l 0 - .2 +.2 I 

~. 
I 

315 - .2 +.2 0 0 - .2 +.3 < ' 
318 -.3 +.3 - . 2 +. l - .4 +.4 
321 - . J +, 3 -.2 +. l - , 4 +.4 
324 - . 1 +.2 0 0 - .4 +. 4 
327 0 +. l 0 - . 2 - .2 +. 3 
330 0 +.l 0 0 -.2 +.3 ,I 
333 0 0 +. l -.1 -.1 +. l ' 

336 +. l -.1 +. l - . J 0 0 
339 +.3 - .4 +. 4 - .4 +.2 -.2 
342 +.3 - .3 + .4 - ,4 +. 4 - .3 
345 +. 4 -.4 +. 5 - • L. + . L - .4 :• 
348 +.J - .4 +. 4 - .4 +.J -.J 
351 +.2 - .3 +.4 -.4 +. l - . 2 

I 
.,I 

354 +.4 - .3 + . 4 - .4 + • .2 -.2 . - • 
357 +.3 - .2 +.3 - . 3 0 - . 2 I 1, .J. - J,, ~ 
360 +. l - . 1 +.2 - .1 0 0 ~ .. • ._ r . -::. .,. 

~ 
-. I ___.. I 
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~ 

"'!c J 

... 11111 - : .. .. 

TABLE 4 

Results of Accuracy Tests After Endurance 

Errors in Degrees 

we 11A11 transmitter-generator connected to 6 type 11M11 indicator
motors . lotors and generator set to electrical zero before test. Errors 
marked(+) lead the direction, 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, a . c ., 60 cycle supply) . 

Generator 
3etting 
in No . 15 No. 1 

Degrees cw cc:vr cw ccw 

3 
6 
9 

12 
15 
18 
2-1 
2l 
27 
30 
33 
3J 
39 
42 
45 
48 
51 
54 
57 
60 
,:,J 
66 
69 
72 
75 
76 
81 
84 
87 
90 
93 
96 
99 

102 
105 
lOS 
Ul 

0 +. l 
0 +. l 

- .1 +~l 
- . 1 +.l 
-.1 0 
-. 2 0 
-.1 0 

0 0 
0 -.1 
0 · - .1 
0 -.3 
O -.3 

+.2 - .3 
+.3 - .3 
+.4 -.1 
+./4. -.3 
+.4 - .4 
+.4 -.4 
+.4 -.5 
+.4 -.4 
+. 5 -. 5 
+.6 - .6 
+.5 -.6 
+. 4 -.7 
+. 4 - . 8 
+. 5 -.8 
+. b -.? 
+.6 -.7 
+. 6 -.6 
+. 5 -.6 
+.5 -.6 
+. 4 -.? 
+. 4 -.6 
+.4 -.6 
+.4 - .6 
+.3 -.6 
+. l -.? 

+. l -.1 
+. 2 0 
+.l 0 

0 -.1 
0 -.1 

- . 1 0 
0 0 
0 -.1 
0 -.2 

+.l -.3 
0 - .4 

+.l -.5 
+,3 -.4 
+.4 -.4 
+. 5 -.1 
+. 5 -.4 
+. 5 -.5 
+.4 -.5 
+.5 -.6 
+.4 -.6 
+.5 -.6 
+.6 -.7 
+.6 -.7 
+,5 -.9 
+.5 -1.0 
+.5 -,9 
+. 6 -1.0 
+.? -.9 
+. ? -.8 
+.6 -.9 
+. 5 - .9 
+,5 -.9 
+.4- -.9 
+.4 -,8 
+.4 -.9 
+.3 -,9 
+. l - 1.0 

MOTORS 
No. 9 No. 5 No. 10 No . 2C 

cw ccw cw ccw cw ccw cw ccw 

-.3 
-.2 
-~2 
-,4 
-.4 
-.4 
-.4 
-.3 
-.2 
-.3 
- . 3 
-.2 
-.1 

+.3 
+.3 
+. 4 
+.2 
+. 2 
+.3 
+. 2 
+.l 

0 
0 
0 

-.1 
-.1 

0 0 
0 +.l 
0 -.1 
0 -.1 
0 -.1 
0 -.2 
0 

+ ... l 
+.l 
+.l 

0 
+.l 

-.3 
-.4 
-.4 
- .4 
-.6 
- .6 

O -.6 
-.6 +. 2 

+.3 
+. 2 
+.l 
+.l 

0 
0 
0 
0 
0 

- . 1 

-.6 
-. 5 
-. 5 
-.5 
-.6 
- .b 
-.5 
-.5 , 
-.o 
- .6 

-,5 
-. 4 
-.4 
-.5 
-.5 
- . 5 
-.6 
- . 5 
-.4 
-.4 
-.4 
-.3 
-.2 
- .1 

0 

+. 4 
+ .b 
+. 5 
+. 5 
+ .4 
+. 6 
+ .4 
+.4 
+.4 
+.2 
+. 2 
+.1 
+. 2 
+. 2 
+.3 

0 +. l 
0 +.l 
0 +. l 
0 +.l 
0 +.l 

+.3 0 
+.3 -.1 
+.4 - . 2 
+.3 -.3 
+.4 -.3 
+,4 -.3 
+.4 - .3 
+. 5 -.4 
+, 5 -.1 
+. 4 - . 1 
+. 4 - . 1 
+.4 -.1 
+. 2 -.1 
+,l -.1 
+. l -.1 
+.l -.3 

0 -.4 

• ..I 

-.3 +o4 
-.3 + ,4 
-.3 +.4 
-- .4 + . 4 
-.4 
-.5 
-.5 
-.4 
- .4 
-.4 
--4 
-.4 
-. 2 
-.1 
-.1 

0 
0 
0 
0 

+.l 
+,3 
+,3 
+.4 
+.3 
+. l 
+. 4 
+.4 
+. 5 
+.5 
+. 4 
+.4 
+.4 
+. 2 
+.l 

+. 4 
+. 4 
+.3 
+.J 
+.2 
+, l 
+. l 

0 
+. l 
+.2 
+. 3 
+.l 
+.l 

0 
0 
0 

-.1 
- .1 
-.2 
-.4 
- . 4 
-.4 
-.4 
- .4 
--4 
--4 
- .6 
-.6 
-.6 
- .6 

+. l - . 7 
+.1 -.? 

0 -.8 

..I • ' 

- . 2 
- . 1 
-.1 
-.2 
- . 3 
-.3 
-.4 
- .3 
-.2 
- . 2 
-.2 
-.1 

0 
0 
0 

+. l 

+.3 
+.2 
+ . ~ 
+. 2 
+.l 
+.3 
+, l 
+. l 

0 
0 

-.1 
-.1 
-.1 

0 
0 

-.1 
+.l -.1 

0 -.1 
0 - .2 
0 -.2 

+.1 -.3 
+. 2 -.4 
+.2 -.4 
+.l - . 5 
+. l - . 5 
+.l - . 6 
+.2 - . 5 
+. 4 -.5 
+.3 -.4 
+.2 -.4 
+, l -.5 
+. l -.5 

O -.5 
O -.4 
0 -.4 
0 -.6 

-.1 -.6 

JI 

'I 

I 
• 1 

II 

. ' 



TABLE 4 (COJTINUED) 

Results of Accuracy Tests After Endurance 

Errors in Degrees 

Generator 
Setting MOTORS 

in : o . 1~ No. 1 No. 2 No . ~ No. 10 No . 2G 
De_grecs cw ccw cw ccw cw c cw cw ccw cw ccw cw CC-,.,. 

114 0 -.? +. l -1 .0 -.2 -.6 0 -.4 0 - . 8 -. 2 -.5 
11? +. l -.? +.2 - .9 -.1 -.6 +. l -.3 0 - . 8 -.1 - . 5 
120 0 -.5 +. 2 -.7 0 -.4 0 - .1 0 - .6 -.l -.4 
123 +.2 -.4 +.3 -.6 - . 1 -.2 +. l 0 -.1 -. 5 0 -.1 
126 +. 2 -.3 +.3 - .6 - .1 -.2 +.1 0 +.2 - . 5 0 - . 1 
129 +.1 -.2 +.l - .4 - . 1 - . 1 +. l +. l +. l - . 3 - . 1 0 
132 0 -.3 0 - . 5 - . 2 -.1 0 +. l 0 -.4 -.2 -.1 
135 0 -.2 0 -.5 -.2 -.1 0 +.l -.1 -.) -.3 - . 1 
138 -.1 -.1 0 -.4 - , 4 -.1 -. 2 +.2 -.1 -.3 -.4 0 
1.41 -. 2 0 0 - .3 - .4 0 - .3 +.3 -.1 -.2 -. 5 +.1 
14.L.. -.3 +.l -.2 - . 1 -.4 +.l - .J +. 4 -.2 0 -.4 +.J 
147 -.3 0 -.1 -.1 -.4 0 -.3 +. 3 -.2 -.1 -.4 +. l 
150 - . 3 0 -.2 -.3 - . 5 0 -.3 +.4 -.3 0 -. 5 +.1 
153 - . 4 0 - ♦4 -.3 -.5 0 -.5 +.2 -.I.,, -.1 - . 5 +. l 
156 -. 4 0 - .4 - .3 - .6 0 -.5 +. 3 ... 4 - .1 -.6 +. l 
159 -.4 +.l -.2 0 -.5 +. 2 -.4 +.3 -.4 0 -.5 +. 3 
162 - .4 +.3 -.J 0 -.5 +.3 - . 4 +. 4 -.4 +. l - . 5 +. 4 
165 -.2 +.3 0 0 - . 5 +. 4 -.3 +.2 -.2 +.J -.5 + . l. 
,168 -.J +, 3 -.1 0 - . 4 +. 3 - . J +.4 -.2 +.1 -.5 +. 4 
171 -.4 +. 3 - .2 0 -.5 +. 3 - . 4 +.4 -.3 +. l -. 5 +. 4 f 

174 -♦ 4 +.3 -.3 0 - . 5 +. 3 - .4 +.J -.J +.l - . 5 +. 3 
177 -. 5 +.4 -.3 0 / -.o +.4 -.4 +. 4 - .3 +.l -.6 +.4 
180 - .6 +. 3 -.3 0 -.6 +. 4 - . 5 +.4 - .4 +. J -.6 +. 4 
183 -.4 +.3 - .1 0 - . 5 +.J -.4 +. 3 - .J +.1 -.5 +. 4 
186 - .4 +. l -.2 - .3 -.5 0 -.4 +. l -.2 -.1 -.5 +. J 
1C9 - .4 +.2 - . 2 0 - . 5 +. 4 -.4 +. 2 - .4 +. l -.5 +.4 
192 - .4 +. l - . 2 0 -.~ +.3 - . 5 +. l - . 4 +. l -.o +. 4 
195 - .4 +.l 0 -.1 - . 4 +.2 - .3 +. l -.2 +.l - . 5 +.4 
195 -.4 +.l - .2 0 -. 5 +,4 - . 4 + .3 - .3 +.l -.6 +.4 .. -201 - .3 +.2 - .1 +. l - . 4 +, 5 - .4 +.3 - .1 +. l -.4 +. 5 
20L. - .1 +.4 +. l +. l - . 1 +, 5 -.1 +,4 0 +.J - .2 +. 4 
?.07 0 +.3 . +. l +.l - .1 +. 5 - .3 +,4 0 +. 2 - . J +. 5 
210 -.1 +.l +. l 0 - . 1 +.3 - .4 +.2 -.1 +.1 - .3 +.4 
213 - .1 0 +.1 0 - . 1 +, 4 - .4 +.1 0 0 -.3 +.3 
216 - .1 0 +.l 0 - .1 +, .3 - • .3 +, l 0 +.l -.1 +. 4 
21S' -.1 0 +. l 0 - .1 +. 2 - .3 +. l 0 0 -.2 +. J 

.. !' I 2,2 0 0 +. 3 0 0 +. 2 - .1 +. l +.l 0 - .1 +.3 
225 0 0 +. J - .1 0 +.l - . 1 - .1 +. l 0 0 .... 2 
226 +,2 -.1 +.4 - .2 0 +. l 0 - .1 +.1. - .1 0 ./ .i-

,231 +.1 - . J +. 2 - .3 0 0 - .1 - . 2 +.l - .3 ,-.1, .+.f ,: .. ~ 
2~4 +.l -.3 +. 4 - .4 +. l 0 0 -.3 +. 2 -.3 . I ' • • O,.,do.. --... } 
237 ... . J - .3 +. 5 - -4· +.l 0 

-.. 
0 - .3 +.3 -:2 :+. l ... I cf."\~ ~ . 

1. ... ' - \,.: • I 
I 

I ,·-
I . 

I ... 
I .. 

.. I • "' .-... - .• ,_.., 
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~BLE.iz, (CONTINUED_l 

Result.:, of Accuracy Tests After Endurance 

Errors i n Degrees 

Generator 
Setting MOTORS 

in No . 12 No . 1 No. 2 No. 5 No . 10 No. 20 
DeF.rees cw ccw cw ccw cw ccw cw CC-N cw ccw cw CCVl 

240 +.4 -.3 +.6 -.3 +.3 0 +.2 -.1 +.4 -.1 +.l +.l 
243 +.6 -.2 +.? -.3 +.4 0 +.4 -.1 +.5 -.1 +.4 0 
246 +. 6 -.3 +. 8 -.4 +.5 0 +. 4 -.1 +. 5 -.2 +.4 0 
249 +.6 -.4 +.9 -.4 +.5 0 +.4 -.1 +. 6 -.3 +. 4 0 
252 +. 5 - .4 +.? -.4 +.4 0 +. 4 -.3 +.5 -.4 +.4 -.1 
255 +.5 -.5 +. 7 -.5 +.4 -.1 +.2 -.3 +. 3 -.3 +.3 -.1 
258 +.4 -.5 +.6 -.6 +.4 -.1 +. 2 -.4 +.4 -.4 +. 4 -.1 
261 +.6 -.5 +.? - . 6 +.4 -.2 +,2 -.4 +.4 --5 +. 4 -.2 
264 +. 6 -.6 +.7 -.6 +.5 -.3 +. 2 -.5 +.5 -.6 +. 4 ') 

-• J 

267 +.o -.6 +. 7 -.? +.4 -.2 +.2 -.5 +.4 -.6 +. 4 -.3 
270 +.6 -.? +. ? -.8 +.4 - .4 +. 2 -.6 +.4 -.6 +.4 -.4 
273 +.6 -.8 +.7 -.9 +.4 -.5 +. l -.6 +.4 -.7 +. 4 -.4 
276 +.6 -.8 +.? -.9 +.4 -.4 +. 2 -.? +.4 -.6 +. 4 -.4 
279 +. 6 -.7 +.9 -.8 +.4 --4 +.2 -.6 +·.4 -.6 +. 4 -.4 
282 +.7 -.? +.9 -.8 +.5 -.3 +.3 -'". 6 +.4 -.6 +.4 -.4 
285 +.6 -.6 +.8 -.? +. 5 -.3 +.3 -.5 +. 4 -.6 +. 5 -.4 
288 +.6 -.6 +.? -.? +.5 -.2 +. 3 - .5 +. 4 -.5 +.5 -.4 
291 +.5 -.6 +.6 -.? +.4 -.4 +.1 -.5 +.3 - .6 +. 4 -.4 
294 +. 4 -.6 +.6 -.6 +.4 -. 4 +.l - .5 +.2 -.5 +.J - . l. 
297 +.3 -.6 +.5 / -.o + .. 3 --4 0 -. 5 +.l -.5 +. 2 - . 4 
300 +.3 -.6 +.5 -.6 +.1 -.3 -.1 -.4 0 -.4 -.1 -.2 
303 +. 4 -.4 +.5 -.6 +.2 -.1 - .1 -.3 0 --4 +. l -.1 

: I 
306 +. 3 -.4 +.4 -.6 0 -.1 -.1 -.J -.1 -.3 +.l -.3 I r-
309 +.3 -.5 +..4 -.6 0 -.1 -.1 -.4 -.1 -.4 +.l -.2 . 

~ 
I 

312 +.l -.5 +.3 -.6 0 -.1 -.2 -.4 - .1 -.5 0 -.3 
315 +.l -.5 +.3 -.6 0 -.2 -.1 -.3 -.2 -.4 0 -.1 
318 +.1 -.4 +. 2 -.6 0 -.1 -.3 -.1 -.3 -.4 0 - .1 
321 +.l -.J +. 2 -.4 0 0 -.3 - .1 -.2 - .1 0 0 { 32l +.2 -.1 + .4 -.2 0 0 -.2 +.5 -.1 0 0 0 
327 +.2 0 +.3 - .1 0 +.2 - .2 +. 5 -.2 +. l 0 +. l 
330 +.l 0 +.3 - .1 0 +.l -.3 +. 5 -.3 +. 3 0 +.l 
333 0 -.1 +.l - .1 -.1 +.1 - .4 +.6 -.3 +. 3 - .1 +.l 
JJo -.1 0 0 - .1 -.3 +. 2 -.5 +.6 -.5 +. 3 -.3 +. l 
339 - .1 0 0 0 -.4 +. 3 - . 5 +,? -.5 +.4 -.3 +.3 
342 -.1 0 -.1 -.1 - .4 +.3 - .6 +.6 -.5 +.4 -.4 +.2 
345 -.1 +. l 0 -.1 -.4 +. 3 - . 6 +.6 -.5 +.4 -.3 +~2 
348 - .1 0 -.1 +.l -.4 +.1 -.5 +.5 - .5 +. 3 - . 4 +. l 
351 -.2 0 -.1 -.2 -.4 +. l -.6 +;5 -.6 +.1 - .4 0 I 

354 -.1 -.1 0 - .3 -.4 0 -.6 +.6 -.5 +. l - .4 0 l.. -357 -.1 0 0 - .2 -.4 +.l -.5 +.6 - .5 +.2 -.4 0 ~ .. 
360 -.1 +.l +.1 -.1 -.3 +.2 -.5 +.6 -.4 +. 4 - .4 -

-= - ii" 
. _..,_ - .... - - . 

. : .. 

l • I .. 
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TABLE 5 

Results of Accuracy Tests After Endurance 
11 

Error s in Degrees ') 

Type uB" transmitter- generator connected to 20 type 11M11 indicator-
i I motors . Error of only 2 motors recorded. Motors and generators set to 

electrical zero before test. Errors marked ( +) lead the direction of tl rotationJ those marked(- ) l ag. 'lhus a ( +) error in the cw direction 
indicates the same geometri cal positi on as a corresponding ( - ) error in , \ 
the ccw C.irection . (115 volts, a . c., 60 cycle suppl y) . I\ 

j 
Ge.."'lerator Generator 
Setting Motor Motor Setting Motor Motor 

in No. 15 No. l in No . 15 No. 1 
Degrees cw ccw cw ccw Degrees cw ccw cw ccw 

3 -.2 0 0 -.2 114 -.2 0 -.1 -.1 

~t 6 -.2 0 0 -.2 117 -.1 -.1 -.1 -.1 
9 -.3 0 -.1 -.1 120 0 -.1 0 -.1 ;! 12 - . 3 0 -.1 -.1 123 0 -.3 0 -.2 j 15 -.3 0 -.l 0 126 0 -.2 0 -.2 

18 -.4 0 -.2 0 129 0 -.2 0 -.2 
21 -.2 +.l -.2 0 132 0 -. 2 0 -.2 ·r 

24 -.4 +.l -.3 0 135 0 -.1 0 -,3 
27 -.4 +. l -.3 +.1 138 -.1 -.1 0 -. 2 ' 30 -.4 +.l -.3 0 141 -.1 -.1 0 -.2 • I 
33 -.5 +. 3 -.4 +.l 144 0 -.J 0 - .3 I 

36 --4 +.l -.3 0 147 0 -.3 0 -.3 
39 --4 +.l -.3 0 150 0 -.2 0 -.4 I 

I 
L;2 -.4 0 -.3 0 153 0 -.3 0 -.3 -! 
45 -.3 0 -.1 0 156 0 -.3 +.l --4 
48 -.2 0 -.l -.1 159 +.l -■4 +. 2 -.4 _I 51 -.4 0 -.J 0 162 +.1 -, 4 +.2 -.4 
54 -.4 +. l -.4 0 165 0 -.4 +.3 -. 5 ,1 

57 -.5 +.l -.4 0 168 +·.1 -.4 +. 3 -. 5 ---
60 -.4 +. l -.4 0 l '71 0 -.4 +. 2 -. 5 11 ;'1 
63 -.4 +,1 -.3 0 174 0 -.4 +.2 -. 5 ~t 
66 -.4 +. l -.3 0 177 0 -.3 +. 2 -.5 .i 
69 -.3 +. l -.3 0 180 0 -.2 +. 2 - . 5 . ~j 

"'-

il 72 - . 4 +.1 - • .3 +. l 183 0 -.3 +. 2 -.5 
75 -.4 .... 1 -.3 0 186 0 -.2 +. 2 -.5 
78 -.4 0 -.3 0 189 0 -.3 +.1 -.5 11 

81 -.4 +.l -.3 0 192 0 -.3 +.l -.4 
84 -.3 0 -.1 -.1 195 0 -.2 +. 2 -.4 11 

87 -.2 0 0 -.1 198 0 -.3 +.1 -.5 
90 -.3 0 - ,2 0 201 +.·l -.4 +. 2 -.5 
93 -.J 0 -.2 0 204 0 -.3 +. J -.5 
96 -.4 0 -.3 0 207 0 -.• J +.2 - . 5 
99 -.4 0 -.3 0 210 - .• 1 -.1 +. 2 -.4 

4 102 -.3 0 -.2 0 213 - -.1 -.1 +.l -.4 
105 - . 2 0 -.3 -.1 216 -.2 -.1 +.l -.4 
108 - . 2 0 -.2 0 

I -
■ 219 - .• 2 -.1 +-1 -.3 . II--_ Ll.11 -.2 0 --.1 -.1 222 -.2 -.1 +.l - -4 
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TABLE 5 ( COJTDIUED ) 

Results of Accuracy Tests After Endurance 

Errors in Degrees 

Generator Generator 
Setting Motor Motor Setting Motor Motor 

in No. 15 No. 1 in No. 15 No . 1 
Degrees cw ccw c:w ccw Degrees cw ccw cw ccw 

225 - . 2 0 +. l -.4 300 -.4 +.l -.1 0 
226 - .1 -.1 +.1 -.4 303 -.4 +.l -.1 0 
231 - . 1 - .1 +~l -.3 306 --4 +.2 -.2 0 
234 -.2 0 0 -.1 309 --4 +.2 - .3 0 
237 -.1 -.1 0 - .3 312 -.4 +. 2 -.3 0 
2l.O - .1 - :1 +.l -.4 315 --4 +. l -.3 0 
243 -.1 -.1 +.l -.3 318 --4 +. l -.1 0 
246 -.1 - .1 0 -.3 321 -.4 +. l -.l -.1 
249 -.2 -.1 0 -.3 324 -.3 +. l -.1 -.1 
252 -.2 0 0 -.1 327 -.2 0 0 -.1 
255 -.2 0 0 -.1 330 -.3 +.l 0 - .1 
25£ - .3 0 0 -.1 333 -.4 +~2 - .2 0 

....!a 261 --4 +. l -.1 - .1 336 -.4 0 -.1 0 
264 - .2 0 0 -.1 339 -.4 +. 2 -.2 0 

I . ... 267 I -.2 0 0 -.1 342 --4 +. l -.2 0 
~ 270 - .3 0 0 -.1 345 -.3 +. l -.1 0 
►• 273 -.4 0 -.1 0 348 -.3 +.l -.1 0 

276 --4 0 - .1 -.1 351 -.3 +.l -.1 0 .. I 

L. ~- 2-79 -.3 0 - .1 -.l 354 -.4 +. l -.1 0 -1 
■ 282 -.2 0 0 - . 1 357 -.3 0 0 - . 1 

285 -.2 0 0 -.2 360 -.3 +. l 0 - .1 

1 28S -.3 0 -.1 - .1 
291 -.3 0 -.1 0 
294 -.4 +. l -.1 0 
297 - . 4 +.1 - .1 0 

• I 

.... 
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TABLE 6 

Results of Accuracy Tests After Endurance 

Errors in Degrees 

One type "N" i ndicator-motor coP..nected to a type 11A11 t r ansmitter-
generator. Motor and generator set to electri cal zero before test. 
Errors marked ( +) lead the direction of rotation, those marked(- ) l ag. 
'lhus a ( +) error in the cw direction indi cates the same geometrical 
position as a corresponding (- ) e rror in the ccw direction. (ll5 vol ts, 
a. c . , 60 cycle supply) . 

Generator Gener ator 
Setting in Type N 1lotor Setting in 'l':me N Motor 
Degrees cw ccw Degrees cw ccw 

3 - .1 -.3 114 - .9 +. 5 
6 +.l -. 4 117 - 1.0 +.6 
9 0 -.4 120 - 1.1 +.o 

12 0 -.4 123 -1.0 +.6 
15 +.l -. 4 126 -.9 +. 5 
18 +.2 - . 5 129 -.8 +.4 
21 +.1 -.4 132 -.6 +.2 
24 +. 3 -.5 135 -.5 +.2 
27 0 -.3 138 -. 5 +. 2 
30 -.2 - .2 141 -.3 0 
33 -.3 -.1 144 0 -.3 ) 

36 -.4 0 147 0 - .2 I 
•1 

39 -. 4 +.1 150 0 -.3 ,I 

42 -.6 +. 2 153 +. l -.3 
45 -.5 +. 2 156 +.l -.2 
48 -.6 +. 2 159 +.1 -.3 
51 -.6 +.3 162 +. 3 - -4 
54 -.4 +. 2 165 +. 2 -. 5 
57 -.5 +.3 168 +. 3 - .5 
c.O -.6 +.3 171 +. 4 -.6 
b3 - . 6 +.3 174 +. 4 - .6 
66 -.5 +. 4 177 +.6 -.9 L i 
b9 -.7 +. 4 180 +. 5 -.8 j.p 
72 - . 8 +.6 183 +.6 -.9 
75 -.9 +. ? 186 +. 5 - .9 
78 -1.0 +.9 189 +.6 -.8 
81 -1.1 +l .O 192 +. 5 -.7 . ' 
84 -1.0 +.9 195 +. 4 - . 7 
87 - 1. 0 +.9 198 +. 4 -.6 
90 -1.1 +l.O 201 +.2 - .4 
93 -1.1 +.9 204 +.2 -.6 I 

96 -1.0 +. 9 20'7 +.l -.4 
.a..1 

I 

99 -LO +, 8 210 0 -.4 .__ I - _.. . 1_ ' 
102 -1. 0 +. 6 213 0 - . 4 . I 
105 -.9 +. 5 216 

I 
0 -_.3 .. r I 

J I ~ 108 - .9 +. 5 219 0 - .4 ~•I 

111 .· - 1.0 +. 6 222 0 -.4 -.... 

I .. - ~ _ .... 
~ . 1 r- (et+' I .__:.... .. ... 
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Gener ator 
Setting in 
Degrees 

225 
228 
231 
234 
237 
211-0 
243 
246 
249 
252 
255 
258 
261 
264 
267 
270 
273 
276 
279 
282 
285 
288 
291 

. -...... 

J 

TABLE 6 ( CON Tilfu ED ; 

Results of Accuracy Tests tfter Fndurance 

Errors in Degrees 

Generator 
T:roe N .Motor Setting in T.VPe N Motor 
cw ccw Degrees cw ccw 

+. l -.4 294 -1.0 +.? 
-.1 -.2 297 -.9 +.6 
-.2 -.1 300 - .9 + ... 5 
- .3 0 303 -.8 +.4 
-- 4 +. 2 306 -.7 +.4 
-.6 +.4 309 -.7 +.9 
-.6 +.3 312 - . 6 +.5 
-.6 +.3 315 -.6 +. 4 
-.7 +.4 318 -.8 +.4 
-.7 +.4 321 -.7 +.5 
-.7 +.4 324 -.6 +.4 
-.8 +.5 32? -.5 +.3 
-.8 +.4 330 -. 5 +.3 
-.8 +. 3 333 -.4 +.2 
-.8 +.4 336 -.3 0 

-1.0 +.4 339 0 - .3 
-1.0 +.4 342 0 -.4 
-1.1 +. 7 345 +. l -.5 
-1.1 +.8 348 0 - . 4 
-1.1 +. 8 351 +.2 -.5 
-l.0 +.? 354 +.l -.4 
-1.0 +.7 357 0 -.2 
-1.0 +. ? 360 -.1 -.1 

::.L. 

... 
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TABLE 7 

Torque, Torque Gradient, and Maxi.mum Torque in Inch-Ounces -
Single Type 11M11 Motors Connected to a Type 

115 Volt, 60 Cycle Supply 
11A11 Generator -

Dis"9lacement 
in Degrees 

from Electrical Motor Numbers 
Zero 12 l 2 2 10 20 
cw 

l .30 .30 .29 .27 .28 .30 
2 .59 . 58 .59 • 55 .57 .58 
3 . 89 .90 . 88 .83 . 86 .89 
4 1.21 1.17 1.15 1.10 1.15 1.19 
5 1.50 1.45 1.45 1.38 1.45 1.49 
6 1.80 1.74 1.73 1.65 1.73 1.78 
7 2.08 2. 03 2.00 2.01 2 . 01 2 .05 
e 2.40 2 .32 2 .29 2.J5 2 . J4 2.J7 
9 2.69 2 . 61 2 . 58 2.60 2 .60 2 .66 

10 2.98 2.87 2.87 2.90 2 .91 2 .96 

ccw 

1 . JO . 27 .27 . 29 .Jl .29 
2 . 60 .58 • 57 .60 -58 . 59 
3 . 89 . 86 .84 . 88 . 88 . 88 
4 1.22 1.17 1.12 1.18 1 .17 1.19 
5 1.50 1.46 1.40 1.48 1.48 1.48 :... 

• 
I -

6 1.80 1.77 1.70 1.76 1 . 79 1.79 
7 2.11 2.07 2 .00 2.07 2. 06 2.12 
g 2.41 2 .36 2.27 2 .37 2 .37 2.42 
9 2.72 2.64 2.58 2 .67 2. 65 2 .73 

10 3.02 2. 95 2 . 85 2 .97 2 . 95 3.02 

Torque • I 

Gradient . JO .29 .28. .29 .29 . JO 

Max. Torque 
cw 20. 45 21.50 23 . 76 21.48 21.30 21.05 

1lax. Torque 
CC» 23.45 23. 38 22. 65 23. 25 24. 10 23 .28 

. _, 
IT -~ •• ' 

~ flllll9J I 

■- .- I ,_ -
... I ► 
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Tor que, 
Single 

Displacenent 
in Degrees 

f r om Electrical 
Zer o 
cw 

1 
2 
3 
4 
5 
6 
7 

.. t s 
9 

10 

ccw 

1 
. ' { 2 

3 
4 
5 

,- 6 
,. f 

7 
• "r I 8 

9 
10 

Torc:ue 
Gradient 

!:ax. Torque 
cw 

Max. Torque 
CC'ii 

4 A 

~ ... -
t-~ ........... -. 

~ 

I r .... -

TABLZ b 

Tor que Gradient, and Uaxi.mu:m Torque in Inch- Ounces -
Type 11M11 l.l.otor s Connected to a Type 11B11 Generator -

1~ 

. 44 

.88 
1.34 
1.78 
2.26 
2.68 
3 .10 
3.49 
3.90 
4.33 

_.43 
. 87 

1.30 
1.74 
2.22 
2.66 
3.11 
3. 56 
3.99 
4.39 

. 44 

33.9 

38.6 

115 Volt, 60 Cycle Supply 

1 

.43 

. 86 
1.28 
1. 70 
2 .13 
2. 55 
3.01 
3. 45 
3 .85 
4.24 

. 43 

.85 
1.28 
1.71 
2.20 
2. 58 
3.00 
3 .44 
3.88 
4.31 

. 43 

.34.6 

.36.8 

I I 

~ 

Motor Numbers 
2 2 

. 42 . 40 

. &8 . 84 
1.28 1.27 
1. 68 1.69 
2.10 2.16 
2. 52 2.52 
2.95 2.95 
3.35 J .35 
3. 78 3.75 
4.31 4.18 

.43 .43 

. 86 .84 
1.30 1.28 
l_.70 1.69 
2.14 2.11 
2. 56 2. 52 
2.99 2.96 
3. 41 3.36 
3. 83 3.82 
4,23 4.27 

.43 . 42 

J6.3 36.3 

39 ,8 40. 0 

10 

.39 

. 84 
1.31 
1.72 
2.17 
2. 60 
3. 06 
3. 50 
3.95 
4. 38 

. 45 

. 88 
1.33 
1.76 
2.16 
2.62 
3 .05 
3.50 
3 .. 91 
4.36 

-44 

36. 4 

39.9 

20 

. 42 

. 87 
1.32 
1. 75 
2 .17 
2 . 60 
3 .06 
3 .50 
J . 92 
4.37 

. 44 

. 86 
1..32 
1.78 
2.18 
2. 02 
3. 05 
3.47 
3.91 
4.35 

.44 

39. ? 

41.1 

- . ..... . - -. ... 
.,~ ~ !.. •d:_, 

i$; ' l' _1 
~• • • I 

I. 

I . 

.' 

l 

11 
·•i 

' 



Torque, Torque Gradient, and ?..a:dJmun Torque in Inch- Ounces 
Type 11B11 Generator Connected to 'I"-ype 11B11 Generator -

115 Volt, 60 Cycle Supply 

Displacement in 
Degrees 

from Electrical Zero 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Torque Gradient 

klax:iJnum Torque 

(S'i{ 

Torque in 
Inch-Ounces 

.74 
1.48 
2 .19 
2.69 
3. 61 
4 .34 
5. 05 
5. 76 
6. 50 
? .16 

86.3 

TABLE 10 

. 726 

CC\'T 
Tor que in 

Inch- ilinces 

.?6 
1.49 
2.24 
2,96 
3 .72 
4.44 
5.15 
5. 87 
6 .60 
7.36 

90, 0 

Torque, T~rque Gradient, and Maximun1 Torque i n L"'lch- Ounces 
Type 11N11 Motor Connected to a Type 11A11 Generator -

1 Displacement in 
Degrees 

from Electrical Zer o 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Torque Gradient 

!taxinn.1re Torque 

115 Volt, 60 Cycle Supply 

CW 
Torque in 

Inch- Ounces 

.064 

.152 

.243 

.350 

.425 

. 506 

.600 

.687 

. ?78 

. 862 

5. 43 

.0875 

_r 

ccw 
Torque in 

Inch-Ounces 

. lll 
~196 
. 291 
.376 
. 461 
. 547 
.629 
. ?23 
. 799 
. 887 

4. 97 

-
L -

I - I • I I I 
~ -- L -

► • ~.thi: 
- - - c;_:::: 

·_ I 

. -

... 
L • I •• 

II __ ~:• 

I J --..I J .- ~ 
·.J . L-.. 
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TABLE 11 

Oscillation test - time (in seconds) rec:uired for pointer to come to 
rest as detennined by osciB.ographic timing usi..."'lg pointers furnished 
by manufacturer. Results marked ( ~~) were obtained after the endurance 
test. All others were obtained before the endurance test. 115 volt, 
60 cycle supply - Motor slafts horizontal . 

- \ .. -...... 
• I ~~ _.l..1_; 

Type of Motor Degrees Seconds for Pointer 
Generator No. _ 

A 1 
·A , 9 
,A 5 
' A 10 
A 20 
A 15 
A 15 
A 15 
A 15 

., A I 15 

B 1 
·B: 9 

.,. B. 5 , i'B- 10 
B· 20 

+ · 13 I ./i 15 
.'B 15 

-B 1 5 
' . B 15 

~B - 15 

'J' = . 
• I ' A - . .. N 
I I A N 

A r-; 
A N 
A N 

- t 

Displacement 

1s-
180 
180 
18C 
180 
180 
90 
2C 
l C 

5 

180 
180 
180 
180 
180 
180 
90 
20 
10 

5 

180 
90 
20 
10 

5 

to Come to 

1. 71 
-:n .63 
2 .01 
l.93 
1. 76 
1 .88 
l.73 
1.18 

.46 

.Jl 

1.60 
1.31 

-~~ • ciJ 
1.95 
l.95 
1.78 

-i:-1 .03 
1.0 

. 60 

.12 

2 .30 
1.46 

.73 

.63 

.45 

Rest 

. . 

. I 

... 
I 

1 

: t 



TABLE 12 

Maximum Temperature Rise of Windings During 
Endurance Test at 65°c. Results given in °c . 

One type 11An transmitter-generator con...r1ected to 6 type 11U11 

indicato~motors . 115 volt, 60 cycle supply. 

Indicator Mot or No. Windings Measured 
S1-S2 R1-R2 R2- R3 R1- R3 

2 21.0 18.0 16. ? 17.5 

8 20 .7 14. 7 15. 0 14. 5 

11 24. 0 36. 7 18.0 26 . 5 

14 22. 0 17. 5 14. 5 16. 5 

15 27. 0 16.2 16. 5 15.7 

17 22 .2 16. 0 16.0 19. 5 

Type 11An generator 20.25 12. 75 12. 75 13. 25 
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.Maxi.Im.ul te1:1perature rise of windings during en:hirance test at 65°c. 
Results given in °c, One type 11 Bn transmi tter•-6enerator connected to 
20 type 11M11 indicator--m.otors . 115 volt, 60 cycle supply. 

Indicator-Motor No 1 ,lindin~s Measured 
S1- 52 R1-R2 R2- R3 R1- R3 

1 J4. 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 13. 5 12.0 12.7 . 
5 18. 0 8 .2 12.0 9 .0 . . ... _., 6 25.2 17. 5 19. 5 21.0 
7 21.0 11. 5 6. 75 10. 5 

• I 8 19. 5 15. 0 12. ? 17, 5 
9 21 .? 43 . 5 13. 5 13. 5 

J. 10 18. 0 18. 0 16. ? 15.0 
ll 25.2 2L.7 19.2 22 .2 

_.] 12 25.2 lb. 0 17.2 18. 7 
13 l?. 5 11. 2 14. 5 15. 0 

I .:. . 14 40.25 16.? 13.5 12,0 
.... 15 25.0 20. 5 16.5 19. 2 

16 15. 0 8 .7 7.2 10.2 ·~~-- 17 21.2 18. 0 15.2 16.2 
-' :-_, 18 18.0 lo. 0 12.0 21.0 
. - 19 17 .7 13. 5 27. 0 27, 0 

I 20 23. 5 ,.i -
12.0 15.0 17. 5 

fype 11 B" generator 31.2 19.2 19. 5 20. 2 

.. •#-
I -.... _, 

r. •-. ' . TABLE 14 

Maximum ~JIIPerature rise of windings during endurance test at 65°C , Results 
given in C. One type 11A11 transmitter- generator connected to one type 11N11 

indicator-motor. 115 volt, 60 cycle supply. 

5:J..-S2 

Type 11N11 motor 31.2 

Type II All generator 34.2 

·;t'indings Measured 
R1-E2 }½-~ 

27.0 26. 5 

30.0 27 .2 

27 .0 

26. 5 
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.Qondition 

(Table 1) 
Before 
endurance 

115 vol ts, 
60 cycles 

103 . 5 volts., 
65 cycles 

126. 5 vol ts., 
55 cycles 

MaxiITDlm error 

t.; Total variation 
in indications -

ii . 

... 

ii ( Table 4) After 
endurance 

115 volts, 
60 cycles 

Maximum error 

'1 Total variation 
in indications 

ii 
l,!'r. J 
~ L.. .... .. "f,_~ .. , 

:1 - .. ~ 
'IN""~ I 
I tl, ... ~11 iiru/ :..i u . : 

- -- ..... 

, , 
' .~~ ...... 

TABLE l.5 

SUMMARY Of ACCURACY TESTS FRW TABLES 1 to 6 .... _INCLUSIVE 

Motor No~_l,2 
F¼nge of errors and maximum errors - in degr~~s 

Motor No. 1 Motor NQ-:----2 Motor No. 5 }4Q1;,Qr _No. 10 

cw ccw cw CCW cw ccw cw ccw CVI ccw 

+.J-1.,0 +.9-. 4 +l.0-. 8 +.9-1. 2 +. 5- .? +.6-. 6 +. 5-.? +. 6-.5 +.4-.7 +. 5-.5 

+.2-1.1 +.9-. 4 +l.0- . 8 +.o-1 .3 +.4-. 8 +.6-.6 +. J- .8 +.7- . 5 +.4-.? +.6- . 5 

+,.4-.9 +. ?- . 5 +l.0-.6 +.6-1.2 +. 6-. 6 +.6-.6 +.6- .6 +.?- .? +.5- .7 +.8-. 6 

... 1.1 -1.3 -!"8 - . 8 +.8 

1.6 2.2 1.4 1.5 1.4 

cw ccw (Ji/ CON cw CCV: (J,'{ COH cw CC\V' 

+.?-.6 +. 4-. 8 +.9-.4 +.1- 1.0 +. 5-.6 +. 5-.6 +. 5-,6 +.7-.7 +.6-.6 +. 4-. 8 

- . 8 -1.0 - .6 - .7 -.8 

1.4 1.4 1.2 1.4 1.4 

''"' I 

I - r r ' .. ..,,,. .. 

. Motor No. _;w 

CV/ CON 

+. 5-. 7 +.b- .6 

+.5- .9 +.7-.9 

+. 5- .7 +.6-.6 

-.9 

1.8 

c: ccw 

+. 5-.u +. 5-.6 

- .6 

1.2 

I t 

•n 
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ii~ 1j 
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r 
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_'!'ABLE 15 ( COOTINUED) 

SUMMARY OF ACCURACY TESTS FROl TABLF.S 1 TO 6, INCLUSIVE 

Range of errors and maximum errors - in degre_M 
MQtor No L_l2 Motor No, 1 

~ ,. ' .. (Table 2) 
Before endurance cw ccw cw ccw 

115 volts, 60 cycles +.1-.6 +.4-.3 +.7-.1 0-1 .0 

103 . 5 vol ts, 

1_ 
65 cycles +.3- . 5 +.1-.5 +.9-. 4 -.2-1.3 

126. 5 volts, 
55 cycles +.J-. 5 +.4-.5 +.?-:3 0-.9 

Maximum error -.6 -1.3 

Total variation 

1· 
in indications 1.1 1. 7 

,\ .. 
(Table 5) ~ ' 
After endurance cw ccw cw ccw 

115 volts, 60 cycles +.1-.5 +.4-.4 +.3-,4 +.1-., 

. Maximum errqr -.5 -.5 

Total variations 

'( ii in indications .9 .9 
f • I 
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TABLE 15 ( CONTilHJED ) 

SUMMARY OF ACCURACY TESTS FROM 'T'ABLFS 1 TO 6, INCLUSIVE 

Range of errors and maximum errors - in degrees 

( Table 3) 
Before endurance 

115 vol ts, 
60 cycles 

103. 5 voJ._t~, 
65 cycles 

126. 5 vol ts , 
55 cycles 

Maximum error 

Total variation 
in indications 

(Table 6) 
After endurance 

115 volts, 
60 cycles 

Ma.xi.mum error 

Total variation 
in indications 

Mo~~ 

cw ccw 

+.4-.6 +.?-.4 

+. 5-.6 +.6-.4 

+.4-.6 +.6-.4 

+.? 

1.2 

cw ccw 

+.6-1.1 +l.0-.9 

-1.1 

2. 0 

■, 

I 

• 

.~ 
' ' I • 

; I= 

:"' ~ ~~ 



Plate 1 



Plate 2 
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