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EXECUTIVE SUMMARY 

The telephone industry, especially those that are publicly owned, 

have entered a new era of shrinking profit margins and reduction in 

construction funding. As a result, increasing emphasis is being placed on 

reducing labor costs and improving maintenance of the existing infra

structure. Fairbanks Municipal Utilities System (FMUS) is one such publicly 

owned utility company that is leading in the area of troubleshooting power 

induced noise, transmission and inductive interference problems (IINT) on 

telephone cable pairs. 

Existing methods of identifying and correcting problems on telephone 

lines have been successful, the CONTEL method, but are wrought with 

inefficient utilization of manpower and resources. Management is 

attempting to reduce this inefficiency through "traditional" methods. 

Results have not been forthcoming. 

Acting on the suggestion by a FMUS telephone technician, I have 

developed the underpinnings of an EXPERT system, the IINT, which when 

implemented, should show dramatic improvement in employee utilization and 

an increased efficiency in isolating and correcting power-induced noise 

problems. 

several non-EXPERT system problems must be overcome before 

implementation can be called successful. They are possible labor union 

contract discrepancies and natural environmental extremes in which this 

system must operate. 

A knowledge base and inference methodology have been completed. All 

that remains is to prepare training documentation and to code, in a 

suitable Artificial Intelligence language, the collection of rules. 
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SITUATION/BACKGROUND 

This project entails designing and possibly implementing an EXPERT system 

that would assist telephone technicians and engineers, but preferably the 

technicians, in troubleshooting power-induced noise on telephone cable 

pairs. From research, and an interview with a Fairbanks Municipal Utilities 

system troubleshooting technician, it became apparent that a vast majority 

of the noise ls due to odd harmonics of 60 hz power. Although noise ls 

transmitted throughout the electromagnetic spectrum on telephone cable 

pairs, we wlll limit our study to the frequency range of 0 to 3000 hz. The 

actual range of hearing is approximately from 300 to 3000 hz, which 

dictated this decision. In addition, "voice grade" cable pair is designed to 

handle only the frequencies in this range. This system is intended for use 

when problems are unidentifiable and are l:lQX related to telephone circuit 

balance or shield continuity. This should not pose a problem, however~ 

since these would be el1mlnated prior to the investigation for power 

induced noise. 

Noise is one of the more troublesome problems in the telephone industry. 

Not only are noise problems difficult to solve, they are even more difficult 

to understand. However, nearly all of the noise present on a telephone 

cable pair has its origin in the electrical high-voltage 

transmission/distribution system. By continued co-location of power lines 

and telephone cables, this problem wlll not disappear. With present 
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technology, it isn't economically feasible to completely separate the two 

systems. Therefore, it is imperative that power induced telephone noise be 

approached from the (locate, isolate, identify and corre.ct) problem 

:resolution methodology. The first three of the four will be the intended 

emphasis of this system. 

The major anomaly, when dealing with 60 hz interference, is that it usually 

doesn't cause total catastrophic failures. It causes electronic equipment 

to operate poorly and, if strong enou9h, may cause audible noise on the 

cable pair. Electronic offices are susceptible to power induced noise as 

are electronic fire/burglar alarm systems and monitoring circuits. The c 

msg filter built into the telephone set makes the ordinary telephone 

somewhat immune to 60 hz interference but this isn't true of most 

electronic equipment. 

It soon became apparent that the possible approaches to attackin9 this 

problem, by utilization of an expert system, could expand rapidly. Of the 

various noise-mitigating techniques identified, I selected the CONTEL 

Method for integration into the EXPERT system. The CONTEL method is a 

manual method of assigning weights to various possible power induced noise 

causes. Though quite long and convoluted, it lends itself readily to being 

transferred to an EXPERT system. It is also the system most often used by 

this new, but growing, branch of telephone preventative maintenance; a very 

important point to emphasize when we approach the implementation stage. 
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The CONTEL method also emphasizes the analysis of 60 hz harmonics. By 

analyzing the harmonics making up the power influence and comparlng those 

harmonics with known interference patterns, it is often possible to 

identify the offending source. To make use of this EXPERT system, and the 

CONTEL method, it is necessary to measure the individual harmonics on a 

"noisy" cable. The Power influence readings are taken in dbnrc. Through 

experience, it has been shown that roughly 95\ of the noise problems can be 

directed to approximately 20 causes. The real troubleshooting problem lies 

in the common case where noise readings of the 4 8 harmonics indicate the 

possibility of multiple causes. This is more the rule than the exception. 

Your resultant is a tremendous amount of possible combinations which 

really detracts from manually using this method. Instead of taking and 

recording all readings of the noisy cable, the technician tries the ''hit or 

miss" tactic in an attempt to limit the amount of calculations required to 

be performed by hand using the CONTEL method. on the surface, the ''hit or 

miss" method appears to be a conservation of labor:. In reality, it tends to 

be counterproductive since more than likely the technician will have to 

return to the cable pair to gather more information. 

Since the problem is nothing more than associating meter readings with 

known causes, this lends to easy conversion to "IF-Then-Else" rules. I 

have developed approximately 100 "rules" based on the entire 0-3000 hz 

spectrum. This is where I have to deviate slightly from the avoidance of 

algorithms/mathematical formulas for this project. In order to produce the 
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desired output, a ranked order listin9, with associated probabilities of the 

problem, it was necessary to borrow CONTEL's weighting system and 

integrate it into the system. Since meter readings could indicate multiple 

problems, it would be advantageous for troubleshooting efficiency to 

include this weighting list. Thus, the troubleshooter could begin his/her 

trouble isolation with the most probable cause and work progressively down 

the list. He/she could also eliminate possible causes that could not occur 

in the current situation. I believe this slight deviation ls necessary for 

successful implementation of this project. This weighting technique, or 

uncertainty factor, has been used in such famous AI systems as MYCIN. 

"Backward-chaining" was investigated as a possible approach to this 

problem. Though this approach ls plausible, ''Forward-chaining" was 

selected as the most applicable in this situation. The !INT expert system 

operator is required to provide only a single page of data input. This data 

ls both readily and easily obtained and must be gathered whether doing 

manual analysis or using the expert system. The root of the problem is the 

unwieldy computations that were required previously. In a clear-concise 

one page data entry, all possible causes of the power-influenced noise will 

be output with weighted probabilities attached. Also, due to the myriad of 

possible combinations of possible power induced problems, it became quite 

difficult and cumbersome to adapt "Backward-chaining". Though not 

impossible, I believe that it ls not productive. 
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one of the main objectives of this project, was to develop a "technician" 

friendly system. The proposed clientele, the field technicians in the 

trenches, have indicated that they desire a system that they can "plug" 

their data into, hit return, and the resultant is an output list of possible 

causes. In addition, they also indicated that they preferred to have the 

input/output similar to what "we've always done". Answering multiple 

questions, on multiple screens, deviates from this purpose. This is exactly 

what backward-chaining would have entailed. In reality, the keystrokes 

necessary would probably be less with "Backward-chaining" but the 

perception of an increased workload would probably not be accepted well. 

By the very nature of this problem, there ls a lack of knowledge transfer 

across professional lines from the engineer, in the home office, to the 

field technicians. The converse ls also true. A unique problem arises in 

this situation. While the analytic knowledge is possessed by the engineer, 

the technical knowledge rests with the technician. The ideal situation 

would be to have both "knowledges" in a single location. In this case, they 

are not. 
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"TYPICAL" TROUBLESHOOTING SCENARIO 

A typical scenario in troubleshooting a noise problem is as follows. A 

trouble call will be received from a customer about erratic electronic 

equipment problems. A troubleshooting team will be dispatched to attempt 

to isolate the obvious, such as telephone circuit imbalance, broken 

continuity on a shield or even a shorted wire. If this falls, a common 

corrective action is to merely reroute the customer to a new cable pair 

and disable the offending pair. This will work as a stop-gap fix, but, as 

with the little boy with his finger in the dam, it will only work for a short 

time. Before long, the entire cable bundle will be rendered inoperative. 

This is obviously not an optimal solution approach. To remedy this, 

telephone companies have recently begun to utilize specialized 

troubleshooting teams (technicians) to attack this problem from a 

preventative and corrective posture. This is where the KBS will increase 

the efficiency and productivity of the telephone company. 

Currently, the technician will locate the problem by using a noise

transmission meter such as the T-136 meter manufactured by 

Plantronics/Wllcom. The readings from these meters are then either hand 

carried or transmitted by radio to the home office engineering department. 

It is here that the engineer performs analytic "magic11, in the technician's 

eyes, to identify the problem and then recommend possible corrective 

action to be implemented. There is a possibility that the corrective action 
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did not work (was incorrectly diagnosed) or that the engineer needs 

additional readings caused by the technician's "hit and miss" technique. As 

a result,. this whole procedure will have to be repeated. 
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BENEFITS 

It should be evident from the above scenario that an incredible amount of 

inefficient manpower utilization exists in the current environment. By 

reducing, not elimlnatlng, the technician/engineer interface, manpower 

utilization can be greatly improved. In order to accomplish thls, it is 

necessary to bring the analytic knowledge into the field. This could be 

accomplished by bringing the engineer and his/her expertise into the field, 

but a more plausible and economic solution would be to package the analytic 

knowledge in a portable PC-based expert system, the IINT!!! 

It is completely possible, and probably advantageous from a program 

updating standpoint, to also implement this system on a PC at the "home 

office" where the engineers usually reside. My only concern rests with 

the data transfer problem that has led to the development of this system 

in the first place. It is true that we could get results from the engineer 

much more rapidly than in the past, but the time wasted in data transfer 

would not change. The engineer could utilize the system to provide updated 

software as more interference cause-effect relationships are discovered 

and also to provide technical assistance if needed, nothing more. The real

time feedback presented to the technician-user will be more beneficial in 

the field, which is my recommendation. Undoubtably, this system will not be 

a replacement of the engineer in every situation. By the ill-defined, 

poorly understood nature of this problem, there will always be the need for 
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the Eng1neer/Techn1c1an interface. My goal waa to produce the framework 

of a system that minimizes this interface,. is easy to use,. will be readily 

accepted and is cost effective. I believe lt was reached. 
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IMPLEMENTATION 

Implementation of this system in the target company, the Fairbanks 

Municipal Utilities system, will provide both technical and managerial 

problems. Due to unionization, possible conflicts may arise between 

negotiated job descriptions and management's attempt to introduce this 

system. Since the idea originated at the technician level, I believe this 

problem will not be insurmountable. 

Training of technicians/operators should be minimal. For the technicians, 

there may be a need to prepare and present a basic "How-To" class on PC 

operation to get them started. The actual use of IlNT should be straight

forward and fool proof. I envision having the program either executed via a 

selection from a main menu or the autoexec.bat file. 

Documentation should be included in the delivered package which includes 

step by step instructions on system usage, including PC operation 

procedures. Several completely explained examples should be included. The 

documentation should not be too long, however. Permission should be 

obtained to include the CONTEL methodology in the documentation. 

The real hurdle to overcome will be environmental. It is not technically 

possible at this time to provide a system (computer/software) that will 
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operate in temperature extremez to -'70 ... F. Procedures will have to be 

implemented to keep the system within it's design temperature limits. This 

may dictate that the system be installed in the technician's vehicle during 

the winter months. This may slightly increase response time but not nearly 

approaching the previous data transfer problem between the field and the 

home office. 
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RULES 

THESE RULES ARE DIRECTLY TRANSLATED FROM CONTEL'S C-MESSAGE 

COORDINATION ANALYSIS MATRIX CHART USED IN MANUAL CALCULATION OF POWER 

INDUCED NOISE PROBLEMS. 

NOTE: There ls a procedure that verifies that all significant harmonics 

have been tested that ls similar to a relative weighted decision tree. By 

dictating that the operator input all dB values, I have eliminated this step. 

If after use, experience shows that the operators are returning to the "hit 

or miss" procedure, this procedure can be implemented. In this model, I 

believe that it isn't necessary. 

c1 ••• c20 = PROBABLE CAUSE #1..#20. THESE 20 CAUSES PRESENTLY CONSTITUTE 

97% OF THE KNOWN CAUSES OF POWER INDUCED NOISE ON TELEPHONE CABLE 

PAIRS. 

PRIMARY- -ODD HARMONICS 

FIRST HARMONIC ( 6 0 bz) 

1. IF POWER INFLUENCE (PI) < 60 THEN 3, ELSE 2, 

2. IF 60 ~PI, THEN Cl,Cl 7 = 1. 

THIRD HARMONIC (180 hz) 

3. IF PI < 69, THEN 6, ELSE 4, 

4. IF 69 ~PI ~ 80, THEN C4,C5,C6,C8,Cll,Cl 7 = .5, ELSE 5, 

5. IF 80 <PI, THEN C4,C5,C6,C8,Cll,Cl 7 =1.0. 
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FIFTH HARMONIC (300HZ} 

6. IF PI < 68, THEN 9, ELSE 7, 

7. IF 68 !!: PI s 60, THEN C3,C51C6,C9,C10,Cll,C12 = .5, ELSE 6, 

8. IF 60 S: PI, THEN C3,C51C61C9,ClO,Cll,Cl2 =1.0. 

SEVENTH HARMONIC ( 4 2 0 HZ) 

9. IF PI < 69, THEN 12, ELSE 10, 

10. IF 69 s: PI S: 79, THEN C2,C3,C5,C6,C9,C10,Cll,Cl2 =.5, ELSE 11, 

11. IF 79 <PI, THEN C2,C3,C5,C6,C9,Cl01Cll,C12 =1.0. 

NINTH HARMONIC ( 5 4 OHZ) 

12. IF PI < 71, THEN 15, ELSE 13, 

13. IF 71 :(PI :(80, THEN C2,C4,C5,C6,C8,Cll =.5, ELSE 14, 

14. IF 60 <PI, THEN C2,C4,C51C6,C8,Cll =1.0. 

11 TH HARMONIC (660HZ) 

15. IF PI < 61, THEN 18, ELSE 16, 

16. IF 61 s: PI s: 71, THEN C2,C3,C5,C61C7,C9,C10,Cll,Cl2,C14 =.51 ELSE 171 

17. IF 71< Pl, THEN C2,C3,C5,C6,C7,C9,C10,Cll,Cl2,C14 =1.0. 

13TH HARMONIC (780HZ) 

18. IF Pl < 56, THEN 21, ELSE 19, 

19. IF 56 S: PI s: 67, THEN C2,C5,C6,C7,C9,Cl0,Cll1Cl2,Cl4 = .5, ELSE 20, 

20. IF 67 < PI, THEN C2,C5,C6,C7,C9 1Cl0,Cll,C12,Cl4 =1.0. 

15TH HARMONIC (900HZ) 

21. IF Pl.< 55, THEN 24, ELSE 22, 

22. IF 55 S: PI s: 66, THEN C2,C4,C6,C8,Cll =.5 1 ELSE 23, 
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23. IF 66 < PI, THEN C2,C4,C6,C8,Cll =1.0. 

17TH HARMONIC (1020HZ) 

24. IF PI < 49, THEN 27, ELSE 25, 

25. IF 49 ~PI ~ 61, THEN C2,C7,C9,C10,Cll,C12 = .5, ELSE 26, 

26. IF 61 <PI, THEN C2,C7,C9,C10,Cll,C12 =1.0. 

19TH HARMONIC (1140HZ) 

27. IF PI < 45, THEN 30, ELSE 28, 

28. IF 45 ~PI ~ 53, THEN C2,C7,C9,Cl0,Cll,C12 = .51 ELSE 29, 

29. IF 53 <PI, THEN C2,C7,C9,Cl0,Cll,C12 =1.0. 

21ST HARMONIC (1260HZ) 

30. IF PI < 44, THEN 33, ELSE 31, 

31. IF 44 ~PI 51, THEN C2,C8,Cll=.5, ELSE 32, 

32. IF 51 < PI, THEN C2,C8,Cll=l.O. 

23RD HARMONIC (1380HZ) 

33. IF PI < 43, THEN 36, ELSE 34, 

34. IF 43 ~Pl ~ 51, THEN C2,C7,C9,Cll,C12,C14,Cl6=.5, ELSE 35, 

35. IF 51 <PI, THEN C2,C7,C9,Cll,Cl21Cl4,C16=1.0. 

25TH HARMONIC (1500HZ) 

36. IF PI< 42, THEN 39, ELSE 37, 

37. IF 42 ~Pl~ 50.5, THEN C2,C7,C9,Cll,C12,Cl4,Cl6=.5, ELSE 38, 

38. IF 50.5 <PI, THEN C2,C7,C9,Cll,C12,C14,C16=1.0. 

27TH HARMONIC (1620HZ) 

39. IF PI< 40, THEN 42, ELSE 40, 

40. IF 40 ~PI ~ 49, THEN C2,C8,Cll=.5, ELSE 41, 
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41. IF 49 < PI, THEN C2,C8,Cll = 1.0. 

29TH HARMONIC (1740HZ) 

42. IF PI< 40, THEN 45, ELSE 43, 

43. IF 40 !CPI !C 49, THEN c2,c11,c12,c16 =.5, ELSE 44, 

44. IF 49 < PI, THEN C2,Cll,C12,C16 =1.0. 

31ST HARMONIC (1860HZ) 

45. IF PI< 39 1 THEN 48, ELSE 46, 

46. IF 39 !CPI !C 48, THEN c2,c11,c12,c16 =.5, ELSE 47, 

47. IF 48 <PI, THEN c2,c11,c12,c16 =1.0. 

33RD HARMONIC (1980HZ) 

48. IF PI< 38, THEN 51, ELSE 49, 

49. IF 38 !C PI !C 4 7, THEN Cll =.5, ELSE 50, 

50. IF 4 7 < PI, THEN Cll =1.0. 

35TH HARMONIC (2100HZ) 

51. IF PI< 37, THEN 54, ELSE 52, 

52. IF 37 !CPI !C 47.5, THEN Cll,C12,C14,C16=.5, ELSE 53, 

53. IF 4 7.5 < PI, THEN Cll,C12,C14,Cl6=1.0. 

37TH HARMONIC (2220HZ) 

54. IF PI< 37, THEN 57, ELSE 55, 

55. IF 37 !CPI !C 47.5, THEN Cll,Cl2,C14,C16=.5, ELSE 56, 

56. IF 4 7.5 <PI, THEN Cll,C12,C14,Cl6=1.0. 

39TH HARMONIC (2340HZ) 

57. IF PI< 36.5, THEN 60, ELSE 58, 

58. IF 36.5 !CPI !C 48, THEN Cll = .5, ELSE 59, 
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59. IF 48 < PI, THEN Cll=l.O. 

41ST HARHOlUCS (2460HZ) 

60. IF PI< 36, THEN 63, ELSE 61, 

61. IF 36 ~ PI ~ 48, THEN Cll,C12,Cl6 =.5, ELSE 62, 

62. IF 4 8 < PI, THEN c11,c12,c16 =1.0. 

43RD HARMONIC ~2580HZ) 

63. IF PI < 36.5, THEN 66, ELSE 64, 

64. IF 36.5 ~ PI.~ 48, THEN Cll,C12,Cl6 =.5, ELSE 65, 

65. IF 48 <PI, THEN Cll,Cl2,Cl6 =1.0. 

45TH HARMOtUC (2700HZ) 

66. IF PI< 36.5, THEN 69, ELSE 67, 

67. IF 36.5 ~PI.~ 45, THEN Cll =.5, ELSE 68, 

68. IF 45 < PI, .THEN Cll =1.0. 

47TH HARMONIC (2820HZ) 

69. IF PI < 34, THEN 72, ELSE 70, 

70. IF 34 ~PI~ 43, THEN Cll,C12,C14,Cl6 =.S, ELSE 71, 

71. IF 43 <PI, THEN Cll,Cl2,Cl4,C16 =1.Q. 
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SIGNIFICANT INFLUENCING 1.W1i HARMONICS 

SIXTH HARMONIC (360HZ) 

72. IF PI< 68, THEN 75, ELSE 73, 

73. IF 68 !!: PI :i: 79, THEN C13 =.5, ELSE 74, 

74. IF 79 <PI, THEN Cl3 =1.0. 

12TH HARMONIC (720HZ) 

75. IF PI < 60, THEN 78, ELSE 76, 

76. IF 60 ~PI~ 66, THEN C13,Cl5 =.5, ELSE 77, 

77. IF 66 < PI, THEN C13,C15 =1.0. 

18TH HARMONIC (1080HZ) 

78. IF PI < 48, THEN 811 ELSE 79, 

79. IF 48 ~PI !!:: 57, THEN C13 =.51 ELSE 801 

80. IF 57 < PI, THEN C13 =1.0. 

24TH HARMONIC (1440HZ) 

81. IF PI < 43, THEN 84, ELSE 82, 

82. IF 43 ~PI ~ 51, THEN C13,C15 =.5, ELSE 831 

83. IF 83 < PI, THEN C13,Cl5 =1.0. 

30TH HARMONIC (1800HZ) 

84. IF PI< 39, THEN 87, ELSE 85, 

85. IF 39 ~PI ~ 49, THEN C13 =.5, ELSE 86, 

86. IF 49 < PI, THEN C13 =1.0. 

36TH HARMONIC (2160HZ) 
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87. IF PI< 37, THEN 90, ELSE 88, 

88. IF 37 ~PI~ 48, THEN C13,C15 =.5, ELSE 89, 

89. IF 48 <PI, THEN Cl3,Cl5 =1.0. 

42ND HARMONIC (2520HZ) 

90. If PI< 37 then 93, else 91, 

91. If 37 ~PI ~ 46, then Cl3, Cl 7=.5, else 92, 

92. If 46 < PI then C13, Cl 7= 1.0. 

ADDITIONAL RULES 

9 3. IF :J: OF OUT OF LIMIT HARMONICS= 1 AND IS AT LEAST 6dB WORSE THAN NEXT 

HARMONIC, THEN Cl8=1.0, ELSE 94, 

94. IF AUDIBLE FRYING NOISE HEARD ON HEADSET, THEN C19=1, ELSE 95, 

95. IF MULTIPLE HARMONICS OF A NON-60HZ FUNDAMENTAL FREQUENCY, THEN 

C20=1, ELSE OUTPUT. 
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PROBABLE CAUSE LIST 

Cl. Poorly balanced 3 phase power system or too much exposure to single 

phase power circuits, or one or two capacitors of a 3 phase capacitor 

installation not working. 

C2. Open cable shield. 

C3. Malfunctioning capacitor bank. 

C4. Circuit resonance, usually aggravated by presence of capacitor bank. 

C5. Exciting currents of distribution transformers (silicon iron core). 

Possibly aggravated by circuit resonance resulting from presence 

of shunt capacitors. 

C6. Overexcited power transformer. 

C7. Defective power step-down transformer. 

ca. Grounded 3 phase transformer or transformer equipped with no (or 

inadequate) tertiary or could be a grounded Y-autotransformer, 

often aggravated by grounded capacitors. 

C9. Balanced harmonics from generator or synchronous motor or condenser. 

ClO. SCR control device. 

Cll. Defective and/or overexcited power transformer. 

C12. AC side of 6 phase rectifier or SCR control devices. 

C13. DC side of 6 phase rectifier. 

C14. AC side of 12 phase rectifier. 

C15. DC side of 12 phase rectifier. 

C16. Other multi-phase rectifier (AC side). 
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Cl 7. Saturable reactor devices in 1 phase rectifiers, vapor lamps, welders, 

frequency changers, power tools, induction heaters, etc. 

C18. Resonance in balanced or residual circuit of power system (may be due 

to shunt capacitors). 

C19. Ringer gas tubes firing (also related to cause 1-Cl). 

C20. Electronic frequency converters (cycloconvertors). 
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WEIGHTING SYS'l'EH 

The weighting system is based on assigning a .5 to all possible causes 

corresponding to a particular Db reading that falls within the ''marginal" 

zone of readings. A. 1.0 corresponds to an "out of limits" reading. 

A O is automatically assigned to a normal reading. 

The Ci characterB correspond with variouB probable cau5e5. 

OUTPUT PROCESSING CALCULATION 

(]l(Ci = .5) + ]l(Ci = 1 .. 0))/Yi = P{Ci} of Ci i=l,2 •.•. 17 

Yi = (1,13,3,3,6, 7,6,5,8,6,23,15, 7,7,3,9,46) 

For all P{Ci} > o, Generate a statement ••• i.e •• 76 C4: 

You have a 76% chance your problem is caused by Circ.uit Resonance which is 

usually caused by the presence of capacitor banks. 
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(SAMPLE PROBLEM INPUT) 

WELCOME TO I INT 

PLEASE ANSWER THE FOLLOWING QUESTIONS and INPUT YOUR T-136 READINGS 

NAME: Dale 

DATE: MAR 8, 1991 

LOCATION: Penrose Ln 

FREQUENCY ODD HARMONICS 
60: 30 
180: 60 
300: 62 
420: 78 
540: 90 
660: 50 
780: 53 
900:50 
1020:20 
1080:32 
1140:41 
1260:39 
1380:90 
1500:86 
1620:36 
1740:32 
1860:39 
1980:37 
2100:36 
2220:32 
2340:11 
2460:20 
2580:22 
2700:39 
2820:60 

CLOSEST JUNCTION BOX/PEDESTAL: Ivory Jack's 

T-136 READINGS 

360: 
720: 
1080: 
1440: 
1800: 
2160: 
2520: 

FREQUENCY EVEN HARMONICS 

WOULD YOU LIKE TO ENTER EVEN HARMONIC VALUES? yes/no NO 
WOULD YOU LIKE TO CHANGE ANY OF YOUR DATA? yes/no NO 
IS FRYING NOISE AUDIBLE ON HEADSET? yes/no NO 
DID YOU NOTICE NON 60HZ HARMONICS? yes/no NO 
PLEASE PRESS RETURN FOR IINT'S ANALYSIS 
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:I:INT PROBABLE CAUSE ANALYSIS 

Dale, 
YOUR PROBABLE CAUSE(S) ARE LISTED BELOW IN DESCENDING PROBABILITY ORDER 
(((Note))) Your probabilities are relative to the historic cause, therefore 

they wlll not add up 1. 

33% CIRCUIT RESONANCE. USUALLY ~GGRAVATED BY PRESENCE OF CAPACITOR 
BANK. 

33% DEFECTIVE POWER STEP-DOWN TRANSFORMER. 
31 % BALANCED HARMONICS FROM GENERATOR OR SYNCHRONOUS MOTOR OR 

CONDENSER. 
29% AC SIDE OF 12 PHASE RECTIFIER. 
27\ OPEN SHIELD CABLE 
25% EXCITING CURRENTS OF DISTRIBUTION TRANSFORMERS (SILICON IRON CORE). 

POSSIBLY AGGRAVATED BY CIRCUIT RESONANCE RESULTING FROM 
PRESENCE OF SHUNT CAPACITORS. 

22% DC SIDE OF 12 PHASE RECTIFIER. 
21% OVEREXCITED POWER TRANSFORMER. 
19% DEFECTIVE AND/OR OVEREXCITED POWER TRANSFORMER(S). 
1 7% AC SIDE OF 6 PHASE RECTIFIER OR SCR CONTROL DEVICE. 
16% MALFUNCTIONING CAPACITOR BANKS 
8% SCR CONTROL DEVICES. 

THANK YOU 
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1. tfft1t1fy fro. thr !lciU M•ly•tt ChUt U<h hai-.ontie h:v.J t.'ithJn U cUI of tf1011 htghelJt. 
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l. Ca.bin• uch P•lr ot leYCh witnc tbto .. d:trfruncr/ad:d" 'il"d\olet• Cont:lnu• to1orllifll to tl'ut 
nsht vntJl on• r:olltbint1d Hlur u obtdsC'd. 

4. n.11 combtn..: 1r•l\le •houhl h• vitlli'1 1 or 1 d& o( th• llf'.l•vrtd p~t' in!luu'lc• cf tt.r 
circuit Wtdl'r tr1t. ?f net, Otu1 er •fll"t ..,.r.ot1it1 h..vf' bt1t1 ov•rlool<td, or th.re hu: 
htt!:tl • d11.ng• 111 influen(• ltvrl. 

• 1->t Stii1u M1.tl:-d1 Ch.tft .1!1ov1 tht .tn.ttrst to d4'1Ura.inr \lhl~h t-• .tnio'lltt.!•}, bt erder of 
1Jpifieanu" n• df•ct1!t$ th• <:1r.:ult :snit. 

• '.! th• S11'iH M.1!;>fiJ1 Ctuin 1ntUc.tU1. a:oort th•'ll O'Ot pt-t'b.1bl• c•ust, tht on•(•) n•l.lt•d to th!!' 
·JO•t offerui.~t rin-ie(1) 1houl4 br in."••tlJ.lt•d Hut. 

NOTES !Set "NotM" Column Lowe• CenteAI 

SA>!l'L£ 

•I U.Wllly ooe IM""" adjacett.tl uu o; odd, no~pte haM1onic.1. 
"2 Each highe.Jt ha.t.m,nic. dev.iU.ing moJte: fiJtOm n:o..un lct664ei tha..t. all. ..lnfitue.n:ce: haltmOn.ic.6 e:U.t.t at 4am~ f<!:ve . .ti. 
•3 U~uttlt.y ob.6Vtvtd be.low tSth kAJt.mon.it~ Cttn ofiten e: pe.d by mov.lng c.apdCi..tolt.h elotiV1 to tiub.&tatfo1: C'!'< 

w.i.n:9 a n:or19JtbuJ1tled capac..i..t.&11. con6i,gw.At.ion:. 
" S<l.dcm p.toductA f......,ort.ic.1 above tht 1 lth • 
•S Ont 11! o.dj«Cf.11( p<U.A o; nonWplc h...,,.onlc.1 .IA •u!6~c.icnt to •uggMt 'Cct:i6ieA pMhl•""· 
•6 420 o.t 660 Hz 114!:'' t1Cl.t a:ppc:a\ ptie.domin:a.te.ly. 
'1 Some...timu a.ccompari.i..td by ptiotcc.toJt "du..&Ung" Oil .6hot.t.lng. PJtotcctcJt pJtoblem.a a.Ile. C('mmOl'l wf.a.•~c p«.CC.!t 

compon.i~ etpe,t.(.tnc.t .. gJt.CW'ld~ tau.Lt." .ta.IL.th~ ,ootcnti.ttl·.We. co•·u.:tlticn.6. 

'13 
•14 

FoJt to1t9 .t..in9tt t .6.i.twt.tiCn.6-, a 1: l P<'«-'tll tM.n660JtnleA ma;y pllov.ide. a &cotu.ti.C'tt. St~ 111-11 . 
U.u.aUJi OCCJJA.6 • dwt.lng pe;Uo,U Co "tow d<mt!nd" OM po".QM. 
fVi..11.th haAmon.i~ .U Ddte.n: p.ii.edom.itlltr1t. 
LJ•WlllY OCCJW dwt.lng ,,.,,Uo.U •6 P<AO pc«1<A d<mt!ttd. 
16 ob6v:.ve:d 6Jt.tque.nciu aJtt not ua.ct haJi.Moniu o 6 60 Hz thU. IM.!f i.ttd.i.J~Me. n 6.t.ot" /ia tmoiu' C$ ~llO'ITI h:duc.t<. l'n 
•o.tol\.6. 16 a. Jt:.ipple. (120 Hz-6Jtom .the -te.&ona.rict 06 '°® adja.c.vi.t .&tot 6lle.que.r1ci.ul .U. Pllt.u:rit, tW ma.¥'~~ 
CAU.led by •tot eOleet. o; """~ oi<l.rf' genl!JUttl>"4. 
H.i.gh $Jtti hMmOnlc ""'Y oome 0.wm bal.t.tu,t ope/Ultcd gueowi-dlochMgc lamJ)' f6lu,.•uc.,,t, meACWly vapo\, e~c I. 
Cl.L6tomeA voUagtA in uc.fA.& "6 125 • 126V .t.u9gut oveAuclicd poWCJt bw.Mt'MmeAf-6). 

III-11, IIl-99 

I-56, I-7~ • 111-)l, 111-91 

11. Defective and/or ov.:r~xcitftd owu 111-111 ttt-99 

11. AC aide of 6~ rectifier or SCR control devicu. ll 1-45, I ll-16. ll 1-91 

ll!-45,111-16 

14. AC •ide of 12~ t'.,cdf1er. IIl-45 

111-41 

pover system {uy be due to shunt 

abov~). 

111-119 


