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APPENDIX I - EXPECTED fOWER PARAMETERS
FOR CONTINUOUS MINING SECTIONS
The fpllowing tables contain the average, maximum and minimum
power parameter levels for several mining machines. Power factor is
listed only for defined transducer output regions. The reasons for
the undefined areas are provided in the Instrumentation Chapter.
Several maximum voltage drops are included, and are computed from the
- no load line-to-line voltage. Again, the drops are from measurements
at the low side of the load center. The machines are:

Continuous Miners;

F6A Alpine

76AM Jeffrey (d-c)

8CM Joy

8CM (10CM) Joy

9CM-2AH Joy

10CM Joy

CU-43-2H Joy

2 each CM26H Lee-Norse

CM28E Lee-Norse
Shuttle Cars;

185C Joy

48S Torkar.(a—c)

2 - 10SC Joys input to rectifier

2 -~ 165C Joys input to rectifier
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Roof Bolters;
LTDO-15 Fletcher
300 Galis
320 Galis
320A Galis

Fans;

Joy 25 hp Axivane Section Fan

Mine specifications are provided with the continuous miners, either
at the table bottom, or on the following table. Cross referencing for

each machine group (miner, shuttle cars, etc.) is also given.
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Table 15. Expected Power Parameters for a F6A Alpine Miner Operating
in Pennsylvania's Lower Freeport Seam.

Parameter Average Max Min kWh - Time

Job Type: Starting Hydraulic Circuit Motors

Power 15kW 4T7kW ’O.Bkw 0.01 0.03 min.
Current 82A 0A

Voltage 472v 467v (Voltage Drop = 1.1%)
Power Factoer Undefined 0.80 Undefined

Job Type: Starting Cutting Motors

Power 27kW 66kW 0. 8kW 0.03 0.06 min.
Current 61A 110A 3.3A :

Voltage 459v 469V 447V (Voltage Drop - 5.3%)
Power Factor. 0.56 0.78 0.33

Job Type: Cutting and Loading (Combined) (Rated Load = 100 hp = 75kW)
Power 19kw 53kW 9kW 0.57 1.46 min.
Current 42A 84A 35A

Voltage . 464V 464V 459v (Voltage Drop = 2.8%)
Power Factor 0.57 0.80 0.33 (Av. Load Factor = 0.25)
Job Type: Tramming

Power 12kwW 51kwW 2.9kwW 0.08 0.39 min.
Current 17A 67A 10A -,

Voltage 470V 472v 467V (Voltage Drop = 1.1%)
Power Factor 0.86 0.95 0.35

Machine and Mine Specifications:

" Machine: Alpine F6A Miner
Rated Voltage: 440 Vac
Trailing Cable: 850 feet; 2/0 Type G; 600V
Circuit Motors: Cutting = 50 hp Tramming = 10 hp
Conveyor = 2 @ 10 hp Gathering = 2 @ 10 hp

A}

Machine cutting about four feet of hard shale floor below the
Lower Freeport seam in Pennsylvania, considerable amount of

water pres e.nt .
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kWh

Time

0.03 0.02 min.
(Voltage Drop = 3.1%)

(Rated Load = 50 hp =37.5kW)
0.04 0.15 min.

(Av. Load Factor = 0.47)

0.08 min.

(Voltage Drop = 5.3%)

Load = 150 hp = 112.5kW)

2.37 1.41 min.
(Av. Load Factor = 0.90)

(Voltage Drop = 4.1%)

0.22 0.29 min.

Table 16a. Expected Power Parameters for a Jeffrey 76AM (d-c)
Continuous Miner Operating in Pennsylvania's Lower
Kittanning Seam.

Parameter Average Max Miﬁ

Job Type: Starting Hydraulic Circuit Motors
Power 86.2kwW 143kW f.ampload
Current —— 466A Lamp load
Voltage —— 320v 310v

Job Type: Idling Hydraulic Circuit Motors Only
Power 17.5kW 21.5kw 15kw
Current 55A 68A 48A
Voltage 317v 317v 317v

Job Type: Starting Cutting Motors

Power — 159kW 15kW
Current —— 526A 48A
~Voltage -— 309v 303V

Job Type: Cutting and Loading (combined) (Rated
Power 101kW 121.5kW 68kW
Current 324A 396A 214A
Voltage 309V 317v 307v

Job Type: Tramming and Maneuvering

Power 46kW 51.5kW 40kW
Current 146A 164A 127A
Voltage 315V 317V 314v

NOTE: See Table 16b for Mine Specifications.
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Table 16b. Machine and Mine Specifications for Table 1l6a.

Machine:
Rated Voltage:

Trailing Cable:

Circuit Motors:

Operation:

Seam:

Conditions:

Production:

Supporting
Equipment:

Jeffrey (76AM) Continuous Miner (Colmol).
250Vdce
500 feet; 2/0 Type G

3 @ 50 hp (one each, for tramming, cutting and
loading circuits).

Retreating 40 by 50 foot pillars, rooms 16 feet
wide.

Lower Kittanning (B), Pennsylvania

44 inches thick,

top and bottom conditions good to excellent,
about 600 feet cover,

very little convergence noted before retreat.

Averaged 180 tons per shift.

2 -~ Joy 18SC Shuttle cars
ACME SPHRD-2 Roof bolter

NOTE: See Table 26 for Shuttle Cars.




178

Table 17a. Expected Power Parameters for a Joy 8CM Continuous Miner
Operating in Pennsylvania's Pittsburgh Seam.

Parameter Average Max Min kWh Time

Job Type: Starting Hydraulic Pump Motor

Power 102kW 243kW ampload 0.03 0.02 min.

Current —— >600A Lampload

Voltage -— 474v 436V (Voltage Drop = 8.0%)

Power Factor Undefined

Job Type: Idling Hydraulic Pump Motor

Power 44 . S5kW 45kW 44kW 0.16 0.21 min.

Current 83A 84A 81A :

Voltage 454V 458v 453V (Voltage Drop = 4.4%)

Power Factor 0.68 0.68 0.68

Job Type: Starting Cutting Motors

Power 126kW 297kW 42kW 0.08 0.04 min.

Current ———— >600A 84A

Voltage —— 448v 418v (Voltage Drop = 11.8%)

Power Factor Undefined

Job Type: Starting Conveyor Motor

Power 165kwW 236kW 117kW

Current -— 477A 222A -

Voltage _— 450V 445v (Voltage Drop = 6.1%)

Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Undefined

Cutting and Loading (Combined

147kW 256kW 94kW
354A 570A 264A
445v 450V 425v
0.55 0.61 0.46

Tramming (Rated load = 130 hp

56.5kW 90kW 39kW
132A 147A 90A
465V 470V 460V
0.65 0.76 0.53
Maneuvering (Rated load = 130
54kW 67.5kW 37kW
102A 129A 84A
458v 465V 455v
0.60 0.62 0.53

rated load = 440 hp = 330 kW)

(Voltage Drop = 10.3%)

(Av. Load Factor = 0.45)
= 97,5kW)
1.49 1.58 min.

(Voltage Drop = 3.0%)

(Av. Load Factor = 0.58)
hp = 97.5kW)
0.41 0.45 min.

(Voltage Drop = 4.0%)
(Av. Load Factor = 0.55)
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Table 17a. Expected Power Parameters for a Joy 8CM Continuous Miner

Operating in Pennsylvania's Pittsburgh Seam. (Continued)

Parameter Average Max Min kWh Time

Job Type: Loading (Cutters off, rated load = 180 hp = 135kW)

Power 70.5kW 85kW ¢ 56kW

Current 147A 174A 132A

Voltage 465V 465V 455V (Voltage Drop = 4.2%)
Power Factor 0.60 0.62 0.53 (Av. Load Factor = 0.52)

NOTE: See Table 17b for Machine and Mine Specifications.
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Table 17b. Machine and Mine Specifications for Table 17a.

Machine:
Rated Voltage:

Trailing Cable:
Circult Motors:

Operation:

Seam:

Conditions:

Production:

Supporting
Equipment:

Joy 8CM Continuous Miner

440Vac

800 feet, 4/0 Type G, 600V
Cutting = 2 @ 130 hp

Pump = 130 hp

Loading = 50 hp

Five entry room and pillar development,
16 foot wide rooms and pillars on 85 x 85 foot
centers.

Pittsburgh, Pennsylvania

92 inches thick (one 8 to 9 inch shale parting)
Excellent top and bottom conditions

No water problems (bottom dry)

About 300 feet cover

Convergence appeared negligible

720 tons per shift

2 - Torkar Shuttle Cars
Fletcher DDM-3 Roof Bolter

NOTE: See Table 27 for Shuttle Cars.
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Table 18a. Expected Power Parameters for a Joy 8CM (Converted to

10CM) Continuous Miner Operating in Pennsylvania's

Pittsburgh Seam.
Parameter Average Max Min kWh ' Time
Job Type: Starting Hydraulic Pump Motor
Power 60kW 195kW {.ampload 0.01 0.01 min.
Current -180A >600A Lampload
Voltage 503V 505V 500V (Voltage Drop = 1.0%)
Power Factor Undefined
Job Type: Idling Hydraulic Pump Motor
Power 21kW 21kW 20kW 0.05 0.15 min.
Current 60A 60A 58A
Voltage 500V 500V 500V (Voltage Drop = 1.0%)
Power Factor 0.40 0.41 0.40
Job Type: Starting Cutting Motors
Power 120kW 295kwW 21kW 0.04 0.02 min.
Current 304A >600A 60A
Voltage 495V 500V 480V (Voltage Drop = 5.0%)
Power Factor 0.46 0.58 0.40
Job Type: Starting Conveyor Motor
Power 108kwW 275kW 75kW 0.02 0.01 min.
Current 212A 426A 159A
Voltage 498v 498v 490V (Voltage Drop = 3.0%)
Power Factor 0.59 0.76 0.55
Job Type: Cutting and Loading (Rated load = 350 hp = 262.5kW)
Power 198kW >(460)kW 73.5kW 3.08 0.93 min.
Current 315A >600A 195A
Voltage 490V 493v 486V (Voltage Drop = 3.8%)
Power Factor O0.74 0.91 0.44 (Av. Load Factor = 0.76)
Job Type: Cutting Only (Loading motor off, Rated Load = 300 hp = 225kW)
Pover 142kW >(427)KW  61kW 2.08 0.88 min.
Current 252v >600V 168v
Voltage 494V 500V 490V (Voltage Drop = 3.0%)
Power Factor 0.66 0.84 0.42 (Av. Load Factor = 0.76)
Job T pe: Tramming (Rated load = 100 hp = 75kW)
Power 83kW 110.5kW 72.5kW 2.01 1.45 min.
Current 114A 120A 102A
Voltage 500V 500V 500V (Voltage Drop = 1.0%)
Power Factor 0.84 0.85 0.82 (Av. Load Factor = 1.11)
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Table 18a. Expected Power Parameters for a Joy 8CM (Converted to
10CM) Continuous Miner Operating in Pennsylvania's
Pittsburgh Seam. (Continued)
Parameter Average Max Min kWh Time
Job Type: Maneuvering (Rated load = 100 hp = 75kW)
Power 71KW 108.5kW 28.5kW 0.70 min.
Current 114A 144A 71A
Voltage 500V 500V 500V (Voltage Drop = 1.0%)
Power Factor 0.72 0.87 0.46 (Av. Load Factor

NOTE: See Table 18b for Machine and Mine Specifications.
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Table 18b. Machine and Mine Specifications for Table 18a.

Machine:

Rated Voltage:
Trailing Cable:
Circuit Motors:

Operation:
Seam:

Conditions:

Production:

Supporting
Equipment:

Joy 8CM(Cutter head converted to 10CM)
Continuous Miner.

440Vac.
500 feet; 4/0 TypeG-GC, 600V

Cutting = 2 @ 100 hp
Pump 100 hp
Conveyor = 50 hp

Seven entry room and pillar development,
50 by 80 foot pillars,
rooms 16 feet wide.

Pittsburgh, Southwestern Pennsylvania

93 inches thick (some shale partings)
Roof and floor conditions excellent
Water problems minor,

Approximately 300 feet cover,
Convergence appeared negligible.

450 tons per shift

2 - Joy 10SC Shuttle Cars
Galis 320A Roof Bolter
2 -~ Joy Axivane Section Fans

NOTE: Shuttle cars powered from trolley electrical system.

All operational curves provided in text, Chapter 2.
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Table 19. Expected Power Parameters for a Joy 9CM-2AH Continuous

Miner Operating in West Virginia's Pittsburgh Seam.
Parameter Average Max Min kWh - Time
Job Type: Starting All Motors
Power 102kW 240kW Lampload -— —
Current — 384A Lampload
Voltage 490V 495V 475V (Voltage Drop = 4.0%)
Power Factor Undefined
Job Type: Cutting and Loading (Combined) (Rated Load = 345 hp = 258kW)
Power 120kW 150kw 55kW 9.64 4,82 min.
Current 240A 300A 120A .
Voltage 480V 485v 480V (Voltage Drop = 3.0%)
Power Factor 0.60 0.60 0.55 (Av. Load Factor = 0.47)
Job Type: Tramming and Maneuvering
Power 36kW 49%kW 23kW 2.31 3.85 min.
Current 74A 90A 65A
Voltage . 490V 490V 490V
Power Factor 0.57 0.65 0.42

Mine and Machine Specifications:

Machine: Joy 9CM-2AH Continuous Miner
Rated Voltage: 440 Vac
Trailing Cable: 500 feet, 4/0 Type G, 600V

Cirecuit Motors:

Operation:

Seam:

Conditions:

Production:

Supporting
Equipment:

and loading circuits)

Room and pillar, cutting butt
Pittsburgh, West Virginia

60 inches thick

195 tons per shift

2 - Torkar 48-56-36A1 Shuttle Cars
Fletcher DOB 13 C8X Roof Bolter

3 @ 115 hp (one each for tramming, cutting
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Expected Power Parameters for a Joy 10CM Continuous Miner

kWh Time

0.01 0.01 min,

(Voltage Drop = 2.3%)

0.02 0.07 min.

(Voltage Drop = 1.4%)

0.07 0.02 min.

(Voltage Drop = 10.9%)

0.03 0.01 min.

(Voltage Dro? = 3.6%)

4,22 1.4 min.

(Voltage Drop = 4.5%)
(Av. Load Factor = 0.45)

0.26 0.12 min.

(Voltage Drop = 3.6%)

0.43 0.65kmin.

(Voltage Drop = 1.4%>

Table 20a.

Operating in Ohio's Pittsburgh Secam.
Parameter Average Max Min
Job Type: Starting Hydraulic Pump Motor
Power 56kW 200kwW Lampload
Current 60A 240A L.amp load
Voltage 1090V 1100V 1075
Power Factor Undefined
Job Type: Idling Hydraulic Pump Motor
Power 20kW 20kW 20kW
Current 35A 35A 35A
Voltage 1085v 1085v 1085v
Power Factor 0.30 0.30 0.30
Job Type: Starting Cutting Motors (Simultaneous, no delays)
Power 196kW 780kW 20kw
Current 200A 850A 35A
Voltage 1040V 1085V 980V
Power Factor 0.54 0.54 .30
Job Type: Starting Conveyor Motor (all other motors running)
Power 160kW 225kW 97kwW
Current 207A 250A 155A
Voltage 1060V 1060V 1060V
Power Factor 0.42 0.49 0.34
Job Type: Cutting and Loading (Rated load = 535 hp = 401kW)
Pover 181kwW 258kW 76kW
Current 220A 330A 165A
Voltage 1055v 1060V 1050v
Power Factor 0.45 0.54 0.25
Job Type: Idling all Motors except Conveyor
Power 130kW 130kW 130kW
Current 155A 155A 155A
Voltage 1060V 1060V 1060V
Power Factor 0.46 0.46 0.46
Job Type: Maneuvering (Pump Motor only)
Power 40kW 52kW 30.5kwW
Current 42A 50A 35A
Voltage 1090V 1090V 1085v
Power Factor 0.50 0.55 0.46
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Expected Power Parameters for Joy 10CM Continuous Miner

Table 20a.
Operating in Ohio's Pittsburgh Seam. (Continued)
Parameter Average Max Min kWh Time
Job Type: Tramming (Rated load = 135 hp = 101 kW)
Power 4OKW 60kW 26kW 3.02 4,54 min.
Current 42A 58A ¥ 30A
Voltage 1076V 1080V 1070V (Voltage Drop = 2.7%)
Power Factor 0.51 0.56 0.46 (Av. Load Factor = 0.40)

NOTE: See Table 20b for Machine and Mine Specifications.
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Table 20b. Machine and Mine Specifications for Table 20a.

Machine:

Rated Voltage:

Trailing Cable:
Circuit Motors:

Operation:

Seam:

Conditions:

Production:

Supporting
Equipment:

Joy 10CM Continuous Miner

950 Vac

550 feet, 1/0 Type G-GC, 1000V
Cutting = 2 @ 175 hp

Pump = 155 hp

Conveyor = 50 hp

Room and pillar development, rooms 16

feet wide and pillars on 50 foot centers.

Miner cuts about 73 inches (leaving five
inches of top coal).

Pittsburgh, Southeastern Ohio

78 inches thick (some shale parting)
coal rather friable,

immediate roof composed of soft, faulted
shale - numerous small roof falls,

floor conditions good to excellent,
water problems minor,

cover approximately 600 feet,

some convergence noted with apparent

rib sloughing.

650 tons per shift

2 - Joy 10SC Shuttle Cars
2 - Galis 320 Roof Bolters
Joy Axivane Section Fan

NOTE: See Table 28 for Shuttle Cars.
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Table 2la. Expected Power Parameters for a Joy CU-43-2H ("Compton')
Continuous Miner Operating in Pennsylvania's Lower
Kittanning Seam.

Parameter Average Max Min kWh Time

Job Type: Starting Hydraulic Circuit Motors

Power 27kW 42KW Lampload 0.01 0.01 min.

Current —_— 90A Lampload

Voltage —— 455V 450v (Voltage Drop = 1.1%)

Power Factor Undefined

Job Type: Tdling Hydraulic Circuit Motors Only

Power 14kW 18kwW 11.4kW 0.48 2,07 min.

Current T4A 83A 72A

Voltage 455V 455V 455v

Power Factor 0.24 0.28 0.20

Job Type: Starting Cutting Motors

Power 100kW 201.5kW 22kw 0.08 0.05 min.

Current —_— 536A 72A

Voltage —— 455v 430V (Voltage Drop = 5.5%)

Power Factor 0.26 0.38 0.16

Job Type: Cutting and Loading (Rated load® = 285/345 hp = 214/259kW)

Power 73kW 171kwW 31kW 2.56 2,10 min.

Current 221A 284A 174A '

Voltage 442v 447A 440A (Voltage Drop = 3.3%)

Power Factor 0.43 0.79 0.23 (Av. Load Factor#*=0.34/

0.28)

Job Type:

Power
Current
Voltage
Power Factor

* Miner has

NOTE: See T

Tramming and Maneuvering

26kw 46kW 11kwW 0.19 0.43 min.
84A 96A 72A
455V 455V 450V (Voltage Drop = 1.1%)
0.39 0.61 0.20

- two-speed pump circuit motor.

able 21b for Machine and Mine Specifications.
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Table 21b. Machine and Mine Specifications for Table 2la.

Machine:
Rated Voltage:

Tralling Cable:

Circuit Motors:

Operation:

Seam:

Conditions:

Production:

Supporting
Equipment:

Joy CU-43-2H ("Compton") Continuous Miner.
440 Vac
800 feet, 2/0 Type G, 600V

Cutting = 2,@ 115 hp
Pump 35/95 hp two-speed
Loading = 2 @ 10 hp

Three entry development for retreating

-longwall, 16 foot wide rooms and pillars

40 by 60 feet.
Lower Kittanning (B), Pemnsylvania

42 inches thick,

weak roof,

immediate floor poor (about two feet

of fire clay with hard sandstone below),
water present,

cover about 400 feet,

convergence rather severe.

50 tons per shift

2 - Joy 18SC Shuttle Cars
Galis 300 Roof Bolter

NOTE: See Table 26 for Shuttle Cars.




Expected Power Parameters for a Lee-Norse CM26H Continuous

Table 22.

Miner Operating in Pennsylvania's Lower Freeport Seam.
Parameter Average Max Min
Job Type: Starting Hydraulic Circuit Motors
Power 108.5kW 256kW Lampload
Current e >600A Lampload
Voltage — 610V 580V
Power Factor Undefined
Job Type: Idling Hydraulic Circuit Motors
Power 61kw 75kW 39kW
Current 115A 120A 104A
Voltage 600V 610V 600V
Power Factor 0.51 0.60 0.36
Job Type: Starting Cutting Motors
Power 108kW 308.5kW 54, 5kW
Current — >600A 112A
Voltage — 600V 575V
Power Factor 0.50 0.60 0.42
Job Type: Cutting and Loading (Rated load = 400 hp = 300kW)
Power 131.5kW (376)kW*  89kW
Current 224A 468A 204A
Voltage 595V 600V 580V
Power Factor 0.57 . 0.80 0.42
Job Type: Tramming and Maneuvering
Power 71kW 158kW 40, 6kW
Current 132A 185A 108A
Voltage 600V 603V 595V
Power Factor 0,52 0.83 0.36

* Power Strip Chart off-range, value in parenthesis calculated.

NOTE:

See Table 24 for Machine and Mine Specifications.
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kWh Time

0.08 0.04 min.

(Voltage Drop = 4.9%)

0.06 0.06 min.

(Voltage Drop = 1.6%)

0.18 0.06 min.

(Voltage Drop = 5.7%)

0.66 0.30 min.

(Voltage Drop = 4.9%)
(Av. Load Factor = 0.44)

0.40 0.34 min.

(Voltage Drop = 2.5%)
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Expected Power Parameters for a Lee~-Norse CM26H Continuous

kWh - Time

0.07 0.04 min.

(Voltage Drop = 5%)

0.04 0.03 min.

0.11 0.04 min.

(Voltage Drop = 6.3%)

5.42 2.39 min.

(Voltage Dro§A= 4,5%)
(Av. Load Factor = 0.45)

1.54 1.38 min.

(Voltage Drop - 2.5%)

Table 23.

Miner Operating in Pennsylvania's Lower Freeport Seam.
Parameter Average Max Min
Job Type: Starting Hydraulic Circuit Motors
Power 97.5kW 254kW Lampload
Current — >600A Yampload
Voltage —— 600V 570V
Power Factor Undefined
Job Type: Idling Hydraulic Circuit Motors
Power 77.5kwW 87.5kW 61kW
Current 118A 120A 96A
Voltage 592v 592v 592v
Power Factor 0.64 0.71 0.62
Job Type: Starting Cutting Motors
Power 162kW >300kW 57.5kwW
Current —— >600A 99A
Voltage —— 592v 562V
Power Factor 0.48 0.52 0.45
Job Type: Cutting and Loading (Rated load = 400 hp = 300kW)
Power 136kW 291kwW 73kW
Current 219A 381A 168A
Voltage 588V 595V 573V
Power Factor 0.61 0.77 0.42
Job Type: Tramming and Maneuvering
Power 67kW 108kw 29.5kw
Current 115A 144A 99A
Voltage 588V 595v 585V
Power Factor  0.57 0.74 0.29

NOTE:

See Table 24 for Machine and Mine Specifications.
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Table 24. Machine and Mine Specifications for Tables 22 and 23.

Machines:

Rated Voltage:

Trailing Cable:

Circuit Motors:

Operation:

Seam:

Conditions:

Production:

Supporting
Equipment:

Lee-Norse CM26H Continuous Miners,
Both machines identical in specifica-
tions except operated in adjacent mine
sections.

550 Vac P
500 feet, 4/0 Type G, 600V

Cutting = 2 @ 100 hp
Loading = 100 hp
Tramming = 100 hp

Mdin entry development for room and
pillar, three entry pattern with 40 by
80 foot pillars and 16 foot wide rooms.

Lower Freeport, Pennsylvania

42 inches thick,

roof rather shoft shale,

hard shale bottom,

severe water conditions,

400 feet of cover,

considerable convergence after mining.

50 tons per shift

2 - Joy 18SC Shuttle Cars
Fletcher LTDO-15 Roof Bolter

NOTE: See Table 26 for Shuttle Cars.
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Table 25a. Expected Power Parameters for a Lee-Norse CM?8E Continuous
Miner Operating in Pennsylvania's Lower Freeport Seam.

Parameter Average Max Min kWh Time

Job Type: Starting all Motors

Power — 212kW Lampload — 0.17 min.

Current — 340A Lampload

Voltage — 468V 435V (Voltage Drop = 7.1%)

Power Factor  0.45 0.52 0.35 B

Job Type: Idling Hydraulic Circuit Motors Only

Power 25kW 31kw 24, 5kW 0.03 0.06 min.

Current 120A 120A 120A

Voltage 462V 468V 455V (Voltage Drop = 2.8%)

Power Factor 0.26 0.33 - 0.25 :

Job Type: Idling all Circuit Motors

Power 80.5kW 80.5kwW 80.5kW 0.11 0.08 min.

Current 240A 240A 240A

Voltage 450V 450V 450V

Power Factor 0.43 0.43 0.43

Job Type: Cutting and Loading (Rated load = 250 hp = 188 kW)

Power 89.5kW 157.5kwW 73kW 4.33 2.90 min.

Current 251A 305A 240A : K

Voltage 448V 450V 445V (Voltage Drop = 4.9%)

Power Factor 0.46 0.67 0.39 (Av. Load Factor = 0.48)

NOTE: See Table 25b for Machine and Mine Specifications.
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Table 25b. Machine and Mine Specifications for Table 25a.

Machine:
Rated Voltage:

Trailing Cable:
Circuit Motors:

Operations:

Seam:

Conditions:

Production:

Supporting
Equipment:

Lee~Norse CM28E Continuous Miner
440 Vac
500 feet; 2/0 Type G, 600V

Cutting = 2 @ 50 hp
Loading = 2 @ 50 hp
Tramming = 50 hp

it

]

Three entry development for a retreating

longwall panel, 16 foot wide rooms and
pillars 40 by 60 feet.

Machine cutting entire seam plus two
feet of fire clay floor.

Lower Kittanning (B), Pennsylvania

Same mine as 21b, different section,

42 inches coal,

weak roof,

immediate floor poor (about two feet of
fire caly with hard sandstone below),
water present,

cover approximately 400 feet,
convergence rather severe.

50 tons per shift

2 - Joy 18SC Shuttle Cars
Galis 300 Roof Bolter

NOTE: See Table 26 for Shuttle Cars.




Table 26. Expected Parameter Values for a Joy 18SC Shuttle Car.
Parameter Average Max Min kWh
Job Type: Tramming Empty

Power 4, 5kwW 12, 3kW ¢1.0kwW 0.05
Current 14A 38A 2.8A

Voltage 320vdc 335Vdce 325vde

Job Type: Tramming Loaded

Power 7.5kW 19.5kW 1.0kwW 0.10
Current 24A 62.5A 3.0A

Voltage 313vde 320vVdc 312vdc

Job Type: Loading

Power 3.2kW 12, 4kW 1.5kW 0.06
Current 10A 39.6A 4,8A

Voltage 316Vdc 322Vdc 312vde

Job Type: Unloading )

Power 3. 5kW 5.3kW 1.6kW 0.04
Current 11A 16.8A 5.0A

Voltage 318vdce 320vVdc 313vdc

Mine Specifications:
Machine:

Circuit Motors

Rated Voltage:
Trailing Cables:

See Tables 15, 16b, 21b, 24 and 25b.

Joy 18SC Shuttle Car

10 hp Conveyor
15 hp hydraulic pump
2 @ 15 hp traction

250 vde

500 feet; #2, Type G, 600V
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Time

0.67

0.77

1.16

0.69

min.

min.

min.

min.




Table 27. Expected Power

Max Min
56kW 10kwW
>150A 27A
460V t435v
0.50 <0.46

Start Tramming Motor

57kW -
>150A -
460V -—
<0.48 —

Tramming, Loaded

54xW 8kW
>150A 25A
450V 420V
0.49 <0.41
14kw 7KW
86A 25A
470V 450V
0.34 0.21

Starting Tramming Motor

46kW 11kwW
>150A 18A
460V 420V
0.77 <0.42

Parameter Average
Job Type: Loading
Power 13kw
Current 34A
Voltage 453V
Power Factor 0.49
Job Type:

Power ——
Current ———
Voltage —_—
Power Factor —
Job Type:

Power 21kW
Current 60A
Voltage 450V
Power Factor 0.45
Job Type: Unloading
Power 10.5kw
Current 54A
Voltage 450V
Power Factor 0.25
Job Type:

Power 38kW
Current 96A
Voltage 455y
Power Factor 0.50
Job Type: Tramming Empty
Power 11kwW
Current 41A
Voltage 448V
Power Factor 0.35

Mine Specifications:

Machine Specifications:

Circuit Motor:

Rated Voltage:
Trailing Cable:

16kW TkW
53A 27A
450V 430V
0.41 0.33
Table 17b.

Parameters for Type 485 Torkar.

kWh

0.17

0.18

0.11

0.16

0.22

Torkar Type 488 Shuttle Car

60 hp Single Motor
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Time

0.77 min.

0.01 min.

1.05 min.

0.6 min.

0.25 min.

1.2 min.

Torque Converter — Seven Clutch Drive

440 Vac

#2, Type G Flat, 600V
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Time

0.5 min.

0.28 min.

1.2 min.

Table 28. Expected Power Parameters for the Rectifier Input which

Feeds Two (2) Joy 10SC Shuttle Cars.
Parameter Average Max Min kWh -
Job Type: Car No. 20 Loading and Car No. 17 Tramming
Power 49. 3kW 93.7kW v 22, 4kW 0.41
Current 78A 141A 36A
Voltage 500V 512v 500V
Power Factor 0.73 0.75 0.72
Job Type: Both Cars Tramming
Power 31.6kW 33kW 30.6kW 0.15
Current 49.5A 51A 48A
Voltage 512V 512v 512v
Power Factor 0.72 0.73 0.72
Job Type: Car No. 17 Unloading and Car No. 20 Tramming
Power 48kW 93.5kW 17.4kW 0.96
Current 76A 146A 28A
Voltage 500V 500V 500v
Power Factor 0.73 0.74 0.72
Mine Specifications: See Table 20b.
Machine Specifications: Ensign 200kW Rectifier

Input: 480 Vac; Output: 300 Vdc

Circuit Motors:

Rated Voltage:

Trailing Cables:

Joy 10SC Shuttle Cars

10 hp conveyor
15 hp hydraulic pump
2 @ 15 hp traction

250 vde
500 feet, #2, Type G, 600V.

)
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Table 29. Expected Parameter Values of Input to Rectifier Bank,
Two Joy 16SC Shuttle Cars on Load.

Parameter Average Max Min

Overall Expected Values

Power 9kwW 27kW okw
Current 11A 28A 0A
Voltage 490V 490V 485V
Power Factor 0.97 1.00 0.30
Job Type: One Shuttle Car Unloading Only

Power 11kw 18kW 6kW
Current 13A 18A 8A
Voltage 490V 490V 490V
Power Factor 0.98 1.00 0.50

Machine Specifications:

Joy 16SC Cars

Circuit Motors: 10 hp conveyor
15 hp hydraulic pump
2 @ 15 hp traction

Rated voltage: 250 vde
Trailing Cables: 500 feet; #2, Type G, 600V
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Table 30. Expected Parameter Values for a Fletcher LTDO-15 Roof

Bolter.
Parameter Average Max
Job Type: Starting Motor
Power 23kW 50.5kwW
Current —-—— >150A
Voltage ——— 580v
Power Factor  Undefined
Job Type: Drilling and Bolting
Power 13kW 19kwW
Current 25A 28A
Voltage 580V 582v
Power Factor 0.52 0.70
Job Type: Tramming
Power 15kW 19kwW
Current 25A 29A
Voltage 575V 580V
Power Factor 0.60 0.68

Mine Specifications:

Machine Specifications:

Fletcher LTDO-15 Roof Bolter

Motor:

40 hp

Rated Voltage: 440 Vac

Cable:

500 feet, #2, Type G, 600V

See Table 24.

Min

OkW
0A
570V

9kW
23A
570V
0.40

9.5kW
22A
560V
0.42

0.34

0.41

Time

0.01 min.

1.58 min.

1.64 min.
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Table 31. Expected Parameter Values for Galis 300 Roof Bolter.

Parameter Average Max Min kWh Time

Job Type: Starting Hydraulic Circuit Motor

Power ——— 58kwW 0.0 —_—— 0.01 min.
Current —— 130A ¢ 0.0

Volts 460V 460V 460V

Power Factor Undefined

Job Type: Idling Circuit Motor

Power 9. 5kW 9.5kW 9.5kW 0.05 0.29 min.
Current 26A 27A 25A

Volts 460V 460V 460V

Power Factor 0. 46 0.49 0. 44

Job Type: Bolting '

Power 16kW 27kW 9kW 0.06 0.25 min.
Current 32A 41A 26A

Volts 460V 460V 460V

Power Factor 0.62 0.82 0.41

Job Type: Drilling

Power 25kW 31kW 23kW 0.36 0.87 min.
Current 39A 46A 36A

Voltage 460V 462V 460V

Power Factor 0.81 0.84 0.79

Job Type: Tramming and Maneuvering

Power 13kwW 28kwW 9kW 0.37 1.71 min.
Current 29A 42A 26A

Voltage 460V 460V 460V

Power Factor 0.56 0.85 0.40

Mine Specifications: See Table 21b.

Machine Specifications:
Galis 300 Roof Bolter
Motor: 40 hp
Rated Voltage: 440 Vac
Trailing Cable: 500 feet, #2, Type G, 600V




Table 32.

Parameter Average
Job Type: Drilling
Power 18. 8kW
Current 36A
Voltage 495V
Power Factor 0.61

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Mine Specifications:

Changing Steel

13.4kW
27.5A
495V
0.57

Drilling

24, 1kW
39A
495V
0.72

Idling

8. 6kW
26A
490V
0.39

Install Bolt

8.71kW
27A
490V
0.38

Maneuver

15.68KW
33A
490V
0.56

Machine Specifications:

Galis 320 Roof Bolter

Motor:

Rated Voltage:
Trailing Cable:

40 hp

440 Vac
500 feet, #4, Type G-GC, 600V

Max

28.16kW
45A
495V
6.73

18.5kW
30A

495V

0.72

28.6kW
44A
501v
0.75

11.5kW
27A
490V
0.5

10.3kW
31A
490V
0.39

32.67kW
49A
500V
0.77

Min

12.64kW

29.5A
¥495v

0.50

7.8kW
26A
495v
0.35

17.1kW
33A
440v
0.68

7.43kW
25A
490V
0.35

7.13kW
24A
490V
0.35

6.93kW
25A
485V
0.33

See Table 20b.

Expected Power Parameters for Galis 320 Roof Bolter.

Kith

0.135

0.04

0.06

0.07

0.02

0.21
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Time

0.43

0.16

0.16

0.45

0.11

0.81

min.

min.

min.

min.

min.




Table 33.

Parameter

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power,
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Mine Specifications:

Machine Specifications:

Galis 320A Roof Bolter

Motor:

Rated Voltage:
Trailing Cable:

Average Max
Starting Motors
— 58KW
— >150A
——— 505V
Undefined
Tramming
10kwW 21kW
41A 64A
500V 503V
0.27 0.38
Drilling
19kW 28.5kW
58A 81A
500V 502v
0.38 0.41
Torquing Bolt
10.5kw 23kW
42A 69A
500v 505V
0.29 0.38
Idling Motor
5kW 5kW
32A 32A
500V 500V
0.18 0.18
See Table 9.
30 hp
440 Vac

Min

Lampload
}ampload
490V

5.5kW
33A
497V
0.19

11kW
41A

497v
0.31

6kW
35A
500V
0.19

S5kW
32A
500v
0.18

600 feet, #4, Type G, 600V

0.04

0.14

0.01

0.04
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Expected Parameter Values for a Galis 320A Roof Bolter.

Time

0.01

0.27

OQ 43

0.07

0.47

min.

min.

min.

min.

min.




203

Table 34. Expected Power Parameters for a Joy Axivane Section Fan.

Parameter

Job Type:

Power
Current
Voltage
Power Factor

Job Type:

Power
Current
Voltage
Power Factor

Average

Starting

51kW
120A
495V
Undefined

Running

6kW
17A
500V
0.40

Mine Specifications:

Fan Specifications:

See

Rated Voltage:

Motor:
Trailing Cable: 600 feet, #6, Type G

Max

60kW
>150A
505V

6kW
17A
505v
0.40

Table 18b.

460Vac
25 hp

Min kWh Time

OkwW 0.07 0.08 min.

0A
495v

6kW —_— Continuous
17A '

498v

0.40




APPENDIX II

POWER PARAMETER DYNAMIC CURVES
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APPENDIX II - POWER PARAMETER DYNAMIC CURVES

Contained in this appendix are several typical operational cycles
for continuous miner section equipmént. An operational cycle is the
dynamic power parameter curve set during a combination of job types
(for example, start motors, cut—load and stop motors). The curves
here are produced by the same technique described in the strip chart
section of the Instrumentation chapter. The figures, therefore, read
right to left because they are tracings of actual strip chart output.

The following machine electrical parameters are provided. Table
numbers in parentheses refer to Appendix I for mine information, and
the curves covered in Chapter 2 (Figures 2 through 11) are not
included. Multiple job types listed after the figure number are

usually sequenced events.

Continuous Miners

F6A Alpine (Table 15), Figure 76. Operational

76AM Jeffrey (Table 16), Figure 77. Operational
8CM Joy (Table 17), Figure 78. Tram-Cut
Figure 79. Cut
10CM Joy (Table 20), Figure 80. Cut
Figure 81, Tram-Cut
CU-43-2H Joy (Table 21), Figure 82. Cut

Figure 83, Tram-Cut
CM26H Lee-Norse (Table 22), Figure 84. Cut
Figure 85. Tram
CM26H Lee-Norse (Table 23), Figure 86. Tram-Cut
Figure 87, Tram
Figure 88. Cut
CM28E Lee-Norse (Table 25), Figure 89. Cut

Shuttle Cars

185C Joy (Table 26), Figure 90. Operational

488 Torkar (Table 27), TFigure 91. Load-Tram Loaded
Figure 92, Unload-Tram Empty

10SC Joy (Table 28), Figure 93, Rectifier Input




Roof Bolters

LTDO-15 Fletcher (Table 30),

300 Galis

(Table 31),

Figure
Figure
Figure
Figure

94.
95.
96.
97.

206

Drill-Bolt
Tram
Drill
Bolt-Tram
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Figure 76a. Power, Current and Voltage Performance Cycles for a F6A Alpine Cutting Shale.
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Figure 7€b. Power Factor Performance Cycle for a F6A Alpine Cutting Shale.
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Figure 77a. Power and Voltage Operational Cycles for a Jeffery 76AM Continuous Miner (d-c). .
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Figure 77b. Current Operational Cycle for a Jeffery 76AM Continuous Miner.
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Figure 78a. Cutting, Loading and Tramming Power Cycle for a Joy 8CM Continuous Miner (440V).
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Figure 78¢. Cutting-Loading-Tramming Voltage and Power Factor Cycles for a Joy
8CM Continuous Miner (440V).
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Figure 82a. Normal Cutting-Loading Power and Voltage Operational Cycle for a
Joy CU-43-2H (Compton) Continuous Miner (440V).
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Figure 89c. Lee~Norse CM28E Continuous Miner (440V) Cutting and Loading Curve for Power Factor and Voltage,
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APPENDIX III

CABLE SPLICE SAMPLE DESCRIPTION
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Groups A and C ~ Sample Description

Connector: One sleeve per conductor, hydraulically crimped
making two curved indentations around a half connector
circumference on each end of‘a "butt" type joint.

Insulation: One flame resistant rubber insert covering all
conductors and plastic tape.

Jacket: Pre-stretched tubular flame resistant rubber jacket.

Dimensions: 1 x 1-5/8 x 12-1/8 inches, No. 2, Type G cable;
7/8 x 1-3/8 x 11-1/2 inches, No. 4, Type G cable (maximum

for splices on hand).

Groups B and D -~ Sample Description

Connector: One sleeve per conductor, hydraulically crimped
making two curved indentations around a half connector
circumference on each end of a "butt" type joint.

Insulation: One flame resistant rubber insert covering all
conductors and plastic tape.

Jacket: Stretchable tubular flame resistant rubber jacket.

"Dimensions: 1 x 1-5/8 x 9-7/8 inches, No. 2, Type G cable;
7/8 x 1-3/8 x 9-1/8 inches, No. 4, Type G cable (maximum

for splices on hand).

Groups E and G — Sample Description
Connector: One double flared sleeve per conductor, mechanically
crimped making a four-gided circular indentation on a
"lap" joint.
Insulation: Fiber glass tape and filler tape.

. Jacket: Flame resistant jacketing tape.
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Dimensions: 1~1/8 x 2-1/8 x 12-3/4 inches, No. 2, Type G
cable; 1 x 1-5/8 x 11-1/2 inches, No. 4, Type W cable

(maximum for splices on hand).

Group F - Sample Description

Connector: One beat ring per conductor, crimped by hammer-

ing around a "lap" type joint (four splices).
One compression sleeve per conductor, crimped by

making a rectangular indentation in a "lap" type joint
(two splices).

Insulation: One heat-shrinkable sleeve per conductor.

Jacket: Flame resistant heat-shrinkable sleeve.

Dimensions: 1-~3/8 x 2 x 18 inches, No. 2, Type W cable

(maximum of the splices onbhand).

Groups H and T - S;mple Description

Connector: Two stainless steel bands per conductor mechani-
cally tightened on a "crow's foot joint." One band is
used on the ground wire "lap" joint.

Insulation: One heat-shrinkable sleeve coated internally
with thermoplastic adhesive and electrical grade putty
applied per conductor.

Jacket: Flame resistant, molded, heat-shrinkable sleeve
coated internally with thermoplastic adhesive and
coated externally with heat sensitive (thermochromic)
paint.

Dimensions: 1~1/4 x 1-3/4 x 16-1/8 inches, No. 2, Type G

cable (maximum of the splices on hand).
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Groups J, K and L - Sample Description

Connector: One sleeve per conductor, mechanically crimped
making a rectangular indentation on each end of a
"butt" type joint,

Insulation: One flame resistant rubber insert covering all
conductors and plastic tape.

Jacket: Pre~stretched tubular flame resistant rubber jacket.

Dimensions: 1-1/8 x 1-3/4 x 12-1/8 inches, No. 2, Type G
cable; 1-1/4 x 1-1/2 x 11-1/2 inches, No. 4, Type G

cable (maximum for splices on hand).

Group M - Sample Description

Connector: One sleeve per conductor, mechanically crimped
making a rectangular indentation on each end of a "butt"
type joint.

Insulation: One tubular rubber insert per conductor, cover-
ing bare portion only, and plastic tape.

Jacket: Pre-stretched tubular flame resistant rubber jacket.

‘Dimensions: 15/16 x 1-5/16 x 11-1/2 inches, No. 4, Type G

cable (maximum for splices on hand).

Groups N and O - Sample Description
Connector: One sleeve per conductor, hydraulically crimped
making a four-sided circular indentation on each end of
a "butt" type joint.
Insulation: One flame resistant rubber insert covering all
conductors and plastic tape.

-Jacket: Pre-stretched tubular flame resistant rubber jacket.
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Dimensions: 1-1/2 x 1-11/16 x 12-1/8 inches, No. 2, Type G
cable; 1 x 1-1/2 x 11-1/2 inches, No. 4, Type G cable

(maximum for splices on hand).




APPENDIX IV

CABLE SPLICE DATA




SYMBOLS

White or White Cond. = White Conductor

1

Black or Black Cond. Black Conductor

Std. = Standard or Unspliced Cable
Water = Electrode in Water Bath
No. = Sample Identifying Number
Pog. Cond, = Posgitive Conductor

Diff, = Difference
L = Length
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Three Samples - Group A - No. 2, Type G Cable, 39 Inches Long

Conductivity: Ohms x 10_4
White Black
No. Cond., - Std, = Diff. Cond. - Std. = Diff. Gnd. = Std. = Diff,
1 5 5 0 5 5 0 10 10 0
2 5 5 0 5 5 0 10 10 0
3 5 5 0 5 5 0 12 10 2
Insulation Resistance: Megaohms
White White Black White Black Gnd, to
No. to Black to Gnd. to Gnd. to Water to Water Water
1 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
2 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
3 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms
White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
1 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
2 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
3 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms
White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water ‘Water
1 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
2 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
3 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Tensile Strength:
Original % Original
No. Lbs. Cable 1bs. Cable
2 2390 4760 50
Dielectric Breakdown Voltage:
No. Amps x 10 Breakdown Volts Pos. Cond.
1 36.3 @ 15 kv - White
1 36.8 @ 15 kv - Black
3 5.0 @ 15 kv - White
3 5.2 @ 15 kv - Black
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Three Samples — Group B - No. 2, Type G Cable, 39 Inches Long

Conductivity: Ohms x 10_4
White Black
No. Cond. - Std., = Diff. Cond. - Std. = Diff. Gnd. - Std. = Diff.
4 5 5 0 5 5 0 10 10 0
5 5 5 0 5 5 0 10 10 0
6 5 5 0 5 5 0 11 10 1
Insulation Resistance: Megaohms
White White Black White Black Gnd. to
No.  to Black to Gnd. to Gnd. to Water to Water Water
4 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
5 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
6 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms
White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
4 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
5 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
6 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms
White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water ‘Water
4 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
5 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
6 1000+ 1000+ 1000+ 1000+ 1000+ 1000+

Tensile Strength:

Groups A and B are connected in the same manner and have similar insula-

tion.

value will have to be used for Group B also.

Dielectric Breakdown Voltage:

No. Amps x 10_6 Breakdown Volts Pos. Cond,
4 4.6 @ 15 kv - White
4 4.0 @ 15 kv - Black
5 4.6 @ 15 kV - White
5 4.0 @ 15 kV - Black
6 4.0 @ 15 kv - White
6 4.0 @ 15 kV - Black

Since there are only three samples in each group, the 2390 1b.




270

Three Samples - Group C - No. 4, Type G Cable, 36 Inches Long

Conductivity: Ohms x 10-.4
White ‘ Black
No. Cond., -~ Std. = Diff, Cond. - Std. = Diff. Gnd. - Std. = Diff,
7 i1 8 3 10 8 2 20 15 7
8 11 8 3 13 8 5 22 15 7
9 11 8 3 11 8 3 22 15 7
Insulation Resistance: Megaohms
White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
7 125 55 60 1000+ 1000+ 1000+
8 125 60 45 1000+ 1000+ 1000+
9 150 70 75 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms )
White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
7 125 55 60 1000+ 1000+ 1000+
8 125 60 45 1000+ 1000+ 1000+
9 150 70 75 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms
White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water “Water
7 125 55 60 1000+ 1000+ 1000+
8 125 60 45 1000+ 1000+ 1000+
9 150 75 75 1000+ 1000+ 1000+
Tensile Strength:
Original % Original
No. Lbs. Cable 1bs. Cable
9 1420 3000 47
Dielectric Breakdown Voltage:
No. Amps x 10-—6 Breakdown Volts Pos. Cond.
7 385 @ 6.5 kV 7 kV* White
7 - 7 kv Black
8 360 @ 5.5 kV Est. 6 kV White
8 475 @ 5.5 kV Est. 6 kV Black

*Fallure occurred as

into splice kit primary insulation.

a result of sharp edges on connector protruding




Three Samples - Group D - No. 4, Type G Cable
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Conductivity: Ohms x 10—4
White Black

No. Cond. - Std. = Diff., Cond, - Std, = Diff. Gnd. - Std. = Diff. L
10 11 8 3 8 2 15° 5 36"
11 10 8 2 8 3 15 9 36"
12 11 8 3 8 2 16 7 38.5"
Insulation Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
10 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
11 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
12 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms:

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
10 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
11 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
12 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms

. White White Black White Black Gnd. to

No. to Black to Gnd. to Gnd. to Water to Water - Water
10 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
11 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
12 1000+ 1000+ 1000+ 1000+ 1000+ 1000+

Tensile Strength:

Groups C and D are connected in the same manner and have similar insula-

tion.

value will have to be used for Group D also.

Dielectric Breakdown Voltage:

No. Amps x 10

10 6.6 @ 15 kv
10 4.8 @ 15 kV
11 24 @ 15 kv
11 11 @ 15 kv
12 6.2 @ 15 kV
12 17.3 @ 15 kv

Breakdown Volts

Pos. Co

Since there are only three samples in each group, the 1420 1b.

nd,

Est. 12.25 kV

White
Black
White
Black
White
Black
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Six Samples - Group E -~ No. 2, Type G Cable

-~
Conductivity: Ohms x 10 '

White Black

No. Cond., - Std. = Diff. Cond. - Std. = Diff. Gnd. - Std. = Diff. L
13 7 5 2 7 5 2 11 10 1 37-3/4"
14 5 5 0 7 5 2 13 10 3 37-1/2"
15 6 5 1 5 5 0 12 10 2 37-1/2"
16 6 5 1 6 5 1 15 10 5 37-1/2"
17 7 5 2 6 5 1 10 10 0 37-1/2"
18 5 5 0 8 5 3 11 10 1 37-1/4"
Insulation Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
13 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
14 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
15 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
16 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
17 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
18 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
13 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
14 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
15 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
16 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
17 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
18 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
13 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
14 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
15 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
16 1000+ 1000+ 1000+ . 1000+ 1000+ 1000+
17 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
18 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Tensile Strength:

Original . % Original
No. Lbs. Cable 1bs. Cable

14 1580 4760 33
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Six Samples - Group E ~ No. 2, Type G Cable (continued)

Dielectric Breakdown Voltage:

No. Amps x 10_6 Breakdown Volts Pos. Cond.
13 5.8 @15 kv - White
13 7.7 @15 kv Est. 16 kV Black
14 - - -
14 - - -
15 3.8 @ 12.5 kV Est., 13 kV White
15 4,5 @ 15 kv - Black
16 1.1 @ 10.5 kv 11 kv White
16 1.3 @ 10 kv 10.5 kv#* Black
17 2,9 @15 kv - White
17 3.8 @ 15 kV - Black
18 3.6 @ 15 kv - White
18 i1.0@

15 kv - Black

*Failure resulted from primary insulation that was nicked by the splicer
when the conductors were being cut to proper lengths.




Six Samples -~ Group F - No. 2, Type W Cable
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Conductivity: Ohms x 10~4
White Black

No. Cond. - Std. = Diff. Cond. - Std. = Diff. Gnd. - Std. = Diff. L
19 10 8 2 10 8 2 - - - 68"
20 10 9 1 10 9 1 - - - 70"
21 9 8 1 9 8 1 - - - 68"
22 9 8 1 8 8 0 - - - 64"
23 9 9 0 9 9 0 - - - 70"
24 8 8 0 8 8 0 - - - 67"
Insulation Resistance: Megaohms

White White Black White Black
No. to Black to Gnd. to Gnd. to Water to Water
19 1000+ - - 1000+ 1000+
20 1000+ - - 1000+ 1000+
21 1000+ - - 1000+ 1000+
22 1000+ - - 1000+ 1000+
23 1000+ - - 1000+ 1000+
24 1000+ - - 1000+ 1000+
Initial Moisture Resistance: Megaohms

White White Black White Black
No. to Black to Gnd. to Gnd. to Water to Water
19 1000+ - - 1000+ 1000+
20 1000+ - - 1000+ 1000+
21 1000+ - - 1000+ 1000+
22 1000+ - - 1000+ 1000+
23 1.0 - - 1.2 0.1
24 1000+ - - 1000+ 1000+
24 Hour Moisture Resistance: Megaohms

White White Black White Black
No. to Black to Gnd. to Gnd. to Water to Water
19 1000+ - - 1000+ 1000+
20 1000+ - - 1000+ 1000+
21 1000+ - - 1000+ 1000+
22 1000+ - - 1000+ 1000+
23 1.0 - - 1.2 0.1
24 1000+ - - 1000+ 1000+
Tensile Strength:

' Original % Original
No. Lbs. Cable lbs. Cable
24 1610 3800 42




Six Samples - Group F - No. 2, Type W Cable (continued)

Dielectric Breakdown Voltage:

Amps x 10_6 Breakdown Volts Pos, Cond.
4,6 @ 15 kV - White
1.8 @ 15 kv - White
2.8 @ 15 kv - White
3.0 @ 15 kv - White
2.9 @ 15 kv - White
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Six Samples - Group G -~ No. 4, Type W Cable

Conductivity: Ohms x 10-_4
White Black
No. Cond. - Std. = Diff, Cond. ~ Std. = Diff,
25 14 14 0 14 14 0
26 17 17 0 17 17 0
27 13 13 0 13 13 0
28 17 17 0 17 17 0
29 15 15 0 15 15 0
30 14 13 1 13 13 0
Insulation Registance: Megaohms
White White Black
No. to Black to Water to Water
25 1000+ 1000+ 1000+
26 1000+ 1000+ 1000+
27 1000+ 1000+ 1000+
28 1000+ 1000+ 1000+
29 1000+ 1000+ 1000+
30 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms
White White Black
No. to Black to Water to Water
25 1000+ 1000+ 1000+
26 1000+ 1000+ 1000+
27 1000+ 10 1000+
28 1000+ 1000+ 1000+
29 1000+ 1000+ 1000+
30 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms
White White Black
No. to Black to Water to Water
25 1000+ 1000+ 1000+
26 ' 0.1 9 9
27 0.1 4 4
28 0.1 0.4 0.3
29 0.1 0.4 0.4
30 1000+ 1000+ 1000+
Tensile Strength:
Original - % Original
No. Lbs. Cable 1lbs. Cable

26 1370 2400 57
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61"
76"
58"
74"
66"
58-1/4"




Six Samples - Group H - No. 2, Type G Cable
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Conductivity: Ohms x 10_4
White Black

No. Cond.— Std.= Diff. Cond.- Std.= Diff. Gnd.- Std.= Diff. L
31 16 15 1 17 16 1 38 33 5 124"
32 16 15 1 17 16 1 42 32 10 121"
33 15 15 0 17 16 1 36 32 4 120-1/8"
34 16 15 1 18 16 2 37 33 4 124-1/2"
35 17 15 2 17 16 1 40 33 7 126-7/8"
36 16 15 1 18 16 2 39 33 6 126-1/8"
*Insulation Extruded into Black Conductor
Insulation Resistance: Megaohms :

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
31 1000+ 1000 1000 1000+ 1000+ 1000+
32 1000+ 1000 500 1000+ 1000+ 1000+
33 1000 1000 1000 1000+ 1000+ 1000+
34 1000+ 1000 500 1000+ 1000+ 1000+
35 1000+ 500 500 1000+ 1000+ 1000+
36 1000 500 500 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms

: White White Black White Black Gnd. to

No. to Black to Gnd. to Gnd. to Water to Water Water
31 1000+ 1000 1000 1000+ 1000+ 1000+
32 1000+ 1000 500 1000+ 1000+ 1000+
33 1000 1000 1000 1000+ 1000+ 1000+
34 1000 1000 500 1000+ 1000+ 1000+
35 1000 500 500 1000+ 1000+ 1000+
36 1000 500 500 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
31 1000+ 1000 500 1000+ 1000+ 1000+
32 1000+ 1000 500 1000+ 1000+ 1000+
33 1000 1000 1000 1000+ 1000+ 1000+
34 1000 1000 500 1000+ 1000+ 1000+
35 1000 500 500 1000+ 1000+ 1000+
36 1000 500 500 1000+ 1000+ 1000+
Tensile Strength:

Original % Original
No. Lbs. Cable 1bs. Cable
32 3430 4760 72
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Six Samples - Group H - No. 2, Type G Cable (continued)

Dielectric Breakdown Voltage:

No. Amps x 10 6 Breakdown Volts Pos. Cond.
31 27.4 @ 15 kV - White
31 32,6 @ 15 kv - Black
32 29.8 @ 15 kv - White
32 40 @ 15 kv - Black
33 29.5 @ 15 kv - White
33 39 @15 kv - Black
34 22 @15 kv - White
34 34 @15 kv - Black
35 37 @ 14.5 kv 15 kv#*® White
35 41 @ 14 kv 14.5 kv Black
36 23 @15 kv - ~ White
36 37 @15 kv _— Black

**Failure resulted from ground wire strand protruding into white
conductor splice insulation. The ground wire strand was contained in
the connector but after it passed through the connector a slight bend
pointed the strand end toward the white conductor.




Six Samples - Group I -~ No. 2, Type G Cable
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*Defective workmanship when applying connector,

Conductivity: Ohms x 10.-4
White Black

No. Cond.~ Std,= Diff. Cond.- Std.= Diff. Gnd.- Std.= Diff, L
37 16 15 1 18 16 2 39 32 7 122-1/8"
38 15 14 1 17 15 2 35 31 4 116-1/2"
39 16 15 1 17 16 1 42 32 10 120-5/8"
40 16 16 0 18 17 1 39 34 5 128-3/4"
41 16 15 1 18 16 2 42 34 8 127-1/8"
42 17 16 1 19 17 2 42 35 7 133-1/4"
*#Black Cable Insulation Extruded into Conductor
Insulation Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
37 1000+ 1000 1000 1000+ 1000+ 1000+
38 1000+ 1000 1000 1000+ 1000+ 1000+
39 1000 1000 1000 1000+ 1000+ 1000+
40 1000+ 1000 1000 1000+ 1000+ 1C00+
41 1000+ 1000 1000 1000+ 1000+ 1000+
42 1000 500 500 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water " Water
37 1000+ 1000 1000 1000+ 1000+ 1000+
38 1000+ 1000 1000 1000+ 1000+ 1000+
39 1000 1000 1000 1000+ 1000+ 1000+
40 1000+ 1000 1000 1000+ 1000+ 1000+
41 1000+ 1000 1000 1000+ 1000+ 1000+
42 1000 500 500 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms .

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
37 1000+ 1000 1000 1000+ 1000+ 1000+
38 1000+ 1000 1000 . 1000+ 1000+ 1000+
39 1000 1000 1000 1000+ 1000+ 1000+
40 1000+ 1000 1000 1000+ 1000+ 1000+
41 1000+ 1000 1000 1000+ 1000+ 1000+
42 1000 500 500 1000+ 1000+ 1000+
Tensile Strength:

Original % Original
No. Lbs. Cable 1bs. Cable
38 2620% 4760 55




280

Six Samples - Group I - No. 2, Type G Cable (continued)

Dielectric Breakdown Voltage:

No. Amps x 10_-6 Breakdown Volts Pos. Cond.
37 40.6 @ 15 kv - White
37 53.6 @ 15 kv - Black
38 34,2 @15 kV - White
38 39.0 @ 15 kV - Black
39 43 @15 kv - White
39 4.3 @ 2.5 kv 3.0 kv** Black
40 30 @15 kv - White
40 35.2 @ 15 kV - Black
41 20.1 @ 15 kV - ‘White
41 30.5 @ 15 kV - Black
42 36 @15 kv - White
42 45.0 @ 15 kv - Black

%*Failure resulted from ground wire strand protruding into black con-
ductor in the same manner as described in Group H.




Six Samples - Group J - No. 2, Type G Cable
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Conductivity: Ohms x 10
White Black

No. Cond.~ Std.= Diff, Cond.- Std.= Diff. Gnd.- Std.= Diff. L
43 11 10 1 11 10 1 21 21 0 81-7/8"
44 11 10 1 i1 10 1 21 21 0 81-3/8"
45 10 10 0 10 10 0 20 20 0 79-3/8"
46 10 10 0 10 10 0 21 21 0 81-7/8"
47 10 10 0 10 10 0 20 20 0 80-3/4"
48 11 10 1 11 10 1 25 21 4 81-7/8"
Insulation Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
43 1000+ 1000+ 1000+ 1000+ . 1000+ 1000+
44 1000 1000 1000 1000+ 1000+ 1000+
45 1000+ 1000+ 1000 1000+ 1000+ 1000+
46 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
47 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
48 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms

White White Black- White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
43 1000+ 1000+ 1000+ 1000+ 1000+ ~1000+
44 1000 1000 1000 1000+ 1000+ 1000+
45 1000+ 1000+ 1000 1000+ 1000+ 1000+
46 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
47 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
48 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd, to Water to Water Water
43 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
44 1000 1000 1000 1000+ 1000+ 1000+
45 1000+ 1000+ 1000 1000+ 1000+ 1000+
46 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
47 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
48 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Tensile Strength:

Original % Original
No. Lbs. Cable 1bs. Cable
46 2250 4760 47




Six Samples — Group J - No. 2, Type G Cable (continued)

Dielectric Breakdown Voltage:

No.

43
43
b4
b4
45
45
46
46
47
47
48
48

Amps X 10—6 Breakdown Volts Pos. Cond.
29.9 @ 15 kv - White
31.0 @ 15 kV - Black
42,6 @ 15 kv - White
44,0 @ 15 kv - Black
26.0 @ 15 kv - White
29.4 @ 15 kv - Black
28.5 @ 15 kv - White
29 @ 15 kv - Black
16.2 @ 15 kv - White
17.2 @ 15 kv - Black
19.8 @ 15 kv - White
18.5 @ 15 kv - Black
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Six Samples - Group K - No. 2, Type W Cable

Conductivity: Ohms x 10 b
White Black
No. Cond. - Std. = Diff, Cond. -~ Std. = Diff.
49 11 10 1 11 10 1
50 11 10 1 11 10 1
51 12 10 2 11 10 1
52 12 10 2 12 10 2
53 11 10 1 11 10 1
54 11 10 1 11 10 1
Insulation Resistance: Megaohms
White White Black
No.. to Black to Water to Water
49 1000+ 1000+ 1000+
50 1000+ 1000+ 1000+
51 1000+ 1000+ 1000+
52 1000+ 1000+ 1000+
53 1000+ 1000+ 1000+
54 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms
White White Black
No. to Black to Water to Water
49 1000+ 1000+ 1000+
50 1000+ 1000+ 1000+
51 1000+ 1000+ 1000+
52 1000+ 1000+ 1000+
53 1000+ 1000+ 1000+
54 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms
White White Black
No. to Black to Water to Water
49 1000+ 1000+ 1000+
50 1000+ 1000+ 1000+
51 1000+ 1000+ 1000+
52 1000+ 1000+ 1000+
53 1000+ 1000+ 1000+
54 1000+ 1000+ 1000+
Tensile Strength:
. Original % Original
No. Lbs. Cable lbs. Cable
49 2060 3800 54
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L

85-3/8"
85-3/4"
84-1/4"
85-3/4"
84-3/4"
85-5/8"
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Six Samples - Group K - No. 2, Type W Cable (continued)

Dielectric Breakdown Voltage:

No. Amps x 10-'6 Breakdown Volts Pos. Cond.
49 7.8 @ 15 kv - White
50 12.3 @ 15 kv - White
51 10.3 @ 15 kv - White
52 11.7 @ 15 kv - White
53 8 @15 kv - White
54 12.8 @ 15 kv - White




Six Samples - Group L - No. 4, Type G Cable
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Conductivity: Ohms x 10"4
White Black
No. Cond. - Std. = Diff, Cond. - Std. = Diff. Gnd. - Std. = Diff. L
55 17 17 0 17 17 0 32 32 0 81-1/2"
56 17 17 0 17 17 0 32 32 0 81-3/8"
57 17 17 0 17 17 0 32 32 0 81-1/4"
58 17 17 0 17 17 0 32 32 0 81-1/4"
59 17 17 0 17 17 0 32 32 0 81-1/4"
60 17 17 0 17 17 0 32 32 0 80-5/8"
Insulation Resistance: Megaohms
. White White Black White Black Gnd. to

No. to Black to Gnd, to Gnd. to Water to Water Water
55 1000+ 1000 1000 1000 1000 10CO
56 1000+ 500 500 1000 1000 1000
57 1000 1000 1000 1000 1000 1000
58 1000+ 1000 1000 1000+ 1000+ 1000
59 1000+ 1000+ 1000+ 1000+ 1000+ 1000
60 1000 1000 1000 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
55 1000 1000 1000 - 1000 1000 -.1000
56 1000+ 500 500 1000 1000 1000
57 1000 1000 1000 1000 1000 1000
58 1000+ 1000 1000 1000+ 1000 1000
59 1000+ 1000+ 1000+ 1000+ 1000+ 1000
60 1000 1000 1000 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
55 1000 1000 1000 1000 1000 1000
56 1000+ 500 500 1000 1000 1000
57 1000 1000 1000 1000 1000 1000
58 1000+ 1000 1000 1000 1000 1000
59 1000+ 1000 1000 1000+ 10060 1000
60 1000 1000 1000 1000 1000 500
Tensile Strength:

Original % Original
No. Lbs. Cable 1bs, Cable
59 1900 3000 63
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Six Samples - Group L — No. 4, Type G Cable (continued)

Dielectric Breakdown Voltage:
-6

No. Amps x 10 Breakdown Volts Pos. Cond.
55 43.5 @ 15 kv - White
55 52 @ 13.25 kv Est. 13.5 kV Black
56 67 @ 15 kv - White
56 68 @ 15 kV - Black
57 56 @ 15 kv - White
57 57.4 @ 15 kV - Black
58 39.8 @ 15 kv - White
58 40.5 @ 15 kv - Black
59 44 @ 15 kv - White
59 32 8 12 kv 12.5 kv# Black
60 52.5 @ 15 kv - White
60 53 @ 15 kV - Black

#Failure resulted from primary insulation (black conductor) cut by
splicer as the cable jacket was removed. Splice insulation did not
cover the area and current passed from black conductor to ground.
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Six Samples - Group M - No., 4, Type W Cable

Conductivity: Ohms x 10—4
White Black

No. Cond. - Std. = Diff, Cond. - Std. = Diff. Gnd. - Std. = Diff. L
61 19 17 2 17 17 0 - - ~  85-7/8"
62 19 18 1 18 18 0 - - - 86-5/8"
63 19 17 2 17 17 0 - - - 86-3/8"
64 19 18 1 18 18 0 - - - 86-3/4"
65 19 18 1 18 18 0 - - - 86-7/8"
66 19 18 1 18 18 0 - - - 86-1/2"
Insulation Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
61 1000+ - - 1000+ . 1000+ -
62 1000+ - - 1000+ 1000+ -
63 1000+ - - 1000+ 1000+ -
64 1000+ - - 1000+ 1000+ -
65 1000+ - - 1000+ 1000+ -
66 1000+ - - 1000+ 1000+ -
Initial Moisture Resistance: Megaohus

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
61 1000+ - - 1000+ 1000+ -
62 1000+ - - 1000+ 1000+ -
63 1000+ - - 1000+ 1000+ -
64 1000+ - - 1000+ 1000+ -
65 1000+ - - 1000+ 1000+ -
66 1000+ - - 1000+ 1000+ -
24 Hour Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
61 1000+ - - 1000+ 1000+ -
62 1000+ - - 1000+ 1000+ -
63 1000+ - ~ 1000+ 1000+ -
64 1000+ - - 1600+ 1000+ -
65 1000+ - - 1000+ 1000+ -
66 1000+ - - 1000+ 1000+ -
Tensile Strength:

Original % Original
No. Lbs. Cable 1bs. Cable
64 1480 2400 62
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Six Samples - Group M - No. 4, Type W Cable (continued)

Dielectric Breakdown Voltage:

No. Amps x 10--6 Breakdown Volts Pos. Cond.
61 .21 @ 4.25 kv Est. 4.5 kv White
62 36.5 @ 15 kv - White
63 27.0 @ 12.5 kv 13 kv= White
64 30 @ 15 kv - White
65 34 @ 15 kv - White
66 23.5 @ 15 kv - White

*Failure resulted from severed conductor strands (white conductor) pro-
truding into cable insulation between white and ground. Splice kit
primary dinsulation did not cover this area,




Six Samples - Group N - No., 2, Type G Cable
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Conductivity: Ohms x 10_4
White Black

No. Cond, - Std. = Diff. Cond. -~ Std. = Diff, Gnd. - Std. = Diff, L
67 11 10 1 11 10 1 21 21 0 81-1/2"
68 11 10 1 11 10 1 21 21 0 81-1/4"
69 11 10 1 11 10 1 21 21 0 81-5/8"
70 11 10 1 11 10 1 21 21 0 81-1/4"
71 11 10 1 11 10 1 21 21 0 80-7/8"
72 11 10 1 11 10 1 21 21 0 81-1/8"
Insulation Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
67 1000 1000 1000 1000 1000 1000
68 1000 1000 1000 1000 1000 1000
69 1000 1000 1000 1000 1000 1000+
70 1000 1000 1000 1000 1000 1000+
71 1000 1000 1000 1000 1000 1000
72 1000+ 1000+ 1000+ 1000 1000 1000+
Initial Moisture Resistance: Megaohms

White White Black White Black Gnd, to
No. to Black to Gnd. to Gnd. to Water to Water Water
67 1000 1000 1000 1000 1000 1000
68 1000 1000 1000 1000 1000 1000
69 1000 1000 1000 1000 1000 1000+
70 1000 1000 1000 1000 1000 1000+
71 1000 1000 1000 1000 1000 1000
72 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
24 Hour Moisture Registance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
67 1000 1000 1000 1000 1000 1000
68 1000 1000 1000 1000 1000 1000
69 1000 1000 1000 1000 1000 1000+
70 1000 1000 1000 1000 1000 1000+
71 15 9 17 180 180 160
72 1030+ 1000+ 1000+ 1000 1000 1000+
Tensile Strength:

Original % Original
No. Lbs. Cable 1bs. Cable
70 1640% 4760 34

*Defective workmanship when applying connector.




Six Samples - Group N - No. 2, Type G Cable (continued)

Dielectric Breakdown Voltage:

No.

67
67
68
68
69
69
70
70
71
71
72
72
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Amps x lO—-6 Breakdown Volts Pos. Cond.
36 @ 15 kv - White
33.8 @ 15 kv - Black
34,8 @ 15 kv - White
34 @ 15 kv - Black
43,8 @ 15 kv - White
40.2 @ 15 kv - Black
23.8 @ 15 kv - White
25 @ 15 kv - Black
121 @ 15 kv - White
100 @ 15 kv - Black
29,2 @ 15 kV - White
27 @ 15 kv - Black
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Conductivity: Ohms x 10~4
White Black

No., Cond. -~ Std. = Diff. Cond. -~ Std. = Diff. Gnd. ~ Std. = Diff. L
73 17 17 0 17 17 0 31 31 0 80-7/8"
74 18 17 1 17 17 0 32 32 0 84-1/8"
75 17 17 0 17 17 0 31 31 0 81-1/8"
76 17 16 1 16 16 0 31 31 0 8o"
77 17 17 0 17 17 0 31 31 0 81"
78 17 17 0 17 17 0 31 31 0 80-7/8"
Insulation Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
73 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
74 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
75 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
76 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
77 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
78 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Initial Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd, to Water to Water Water
73 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
74 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
75 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
76 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
77 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
78 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
24 Hour Moisture Resistance: Megaohms

White White Black White Black Gnd. to
No. to Black to Gnd. to Gnd. to Water to Water Water
73 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
74 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
75 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
76 1000+ 1000+ 1000+ - 1000+ 1000+ 1000+
77 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
78 1000+ 1000+ 1000+ 1000+ 1000+ 1000+
Tensile Strength:

Original % Original
No. Lbs. Cable 1bs. Cable
75 1630 3000 54




Six Samples - Group O - No. 4, Type G Cable (continued)

Dielectric Breakdown Voltage:

No.

73
73
74
74
75
75
76
76
77
77
78
78

Amps x lO"6 Breakdown Volts Pos. Cond,
18.5 @ 15 kv - White
25.0 @ 15 kv - Black
40.0 @ 15 kv - White
45,8 @ 15 kv - Black
23.0 @ 15 kv - White
23.2 @ 15 kv - Black
19.8 @ 15 kv - White
27.6 @ 15 kV - Black
24.8 @ 15 kV - White
28.0 @ 15 kv - Black
24.8 @ 15 kv - White
27.2 @ 15 kv - Black

292




APPENDIX V

MINE ELECTRICAL SYSTEM SIMULATOR
USER'S HANDBOOK




294

APPENDIX V. MINE ELECTRICAL SYSTEM
SIMULATOR USER'S HANDBOOK

The user is strongly urged to read thoroughly all of these in-
structions, plus the chapter in the text, before attempting fhe program.

The model has three main options:

1. Static load flow simulation of the entire mine,

2, Subgystem faulting simulation of a load,

3. Dynamic load flow simulation of the entire mine.
Each option requires a particular data card set for its successful imple-
mentation. These sets will be described in turn beginning with load flow.
Appropriate jqb control cards (JCL) are necessary to submit the program
for processing at any computer center (consult the particular computer
center for the information). The program is written in Fortran IV for a
"G" level compiler on an IBM 370/165 computer and needs about 65K bytes
for execution.

MINE DESCRIPTOR CARD

Control of the main program options is handled by the Mine Descriptor
Card which 1is the very first card of any card deck. In columns 1 to 72
may be written any alphanumeric information to identify the data deck
output. Columm 73 indicates whether the run will be a static load flow,
a faulting calculation or a dynamic load flow. For static load flow,
leave column 73 blank. For a fault, place an "F" in column 73 and a 1,
2, 3 or 4 in column 79 for single line-to-ground, line-to-line-ground,
line~to-line, and three-phase symmetrical fault, respectively. For dyﬁam~
ic load flow, place a "D" in column 73 of all Mine Descriptor Cards (several

of these cards can exist in the dynamic option).
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As was discussed in the model formulation (see text), the fault
may be placed anywhere between the distribution busbar and the cor-
rection capacitors associated with the machine. Column 80 is reserved
for the fault location described by the following numbers:

0 - Fault is at machine correction components.

1 - PFault is located at ten percent of the cable length from

the machine.
2 - Fault is located at 20 percent of the cable length from

machine.

8 - Fault is 80 percent of the cable length from machine.
9 - Tault is at distribution busbar.
Some actual examples of Mine Descriptor Cards are:
Load Flow for 'XYZ' Mine
Single Line to Ground Fault F 19
Dynamic Load Flow-Point A D
After the Mine Descriptor Card come the data sets for the options
specified.

LOAD FLOW - STATIC

The physical order of the data supplied to the program under the

static flow option is illustrated on the following page, DATA ORDER

SEQUENCING.




DATA ORDER SEQUENCING

DESCRIPTION

Mine Descriptor Card

Frequency, No. of Feeder Loads

No. of Panels for TFeeder

No. of a-c loads in Panel

a-c load parameters

power factor correction components
transmission line

transmission line from load
center to a—c distribution busbar

No. of d-¢ loads in Panel
d-c load parameters
transmission line

transmission line from load
center to d-c distribution busbar
transformer data for Panel

transmission line from load
center to Panel connection

n transmission lines connecting
Panels to form a Feeder load

n transmission lines connecting
Feeders to input of Main Mine
Transformer

Main Mine Transformer data

——

NESTING

a-c load
data 1

a-c load
data n

d-c load
data 1

d-c load
data n

| SRR AN

> Panel 1

Panel n

—d \
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Feeder

s Load 1

L Feeder

Load n

Static
> Load
Option
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Although it would seem logical to describe the card order (as read by
the computer), it is more beneficial to show the actual method of
building the data deck beginning at the first level, the Panel Data
Block. The Feeder Data Block can then be constructed from a number of
Panel blocks and interconnecting transmission cables. Next, the entire
data deck order must be arranged as:

1. Mine Descriptor Card

2. Line frequency and the number of Feeder loads

3. TFeeder Data Blocks

4. TFeeder interconnecting transmission cables

5. Main Mine Transformer data block.
It can be seen that input data nesting is imperative, therefore, it is
suggested the user assign his mine segments as Feeder 1, Feeder 2 and
so on, then in each feeder assign Panel 1, Panel 2 and likewise. 1In
this manner, the data required can be broken into manageable blocﬁs
corresponding to general mine described in the text. The succeeding
paragraphs describe the actual process of constructing the card deck.

Panel Components Data Block. Panel 1 of the mine has in it cer-

tain a~c loads, d-c loads, power factor correction components, transmis-
sion lines and a load center (transformer and rectifier). The following
number system demonstates the card order in a Panel, but Number 1 does
not mean card one in the entire deck.
1. The first card in the Panel block is reserved for the number of
a~c loads (in the Panel) which can range from zero to ten. If

there are zero a-c loads, cards 2 through 5 are not needed.
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The power, voltage, phase angle and power factor for each

a-c load are required. DPYower is expressed in watts and re-
presents the three-phase value., Voltage is line-to-line
expressed in volts. Either the phase angle, or the power
factor, is needed to indicate real and reactive loading.
Whether the phase angle or power factor is used, care should
be exercised to place the values in the proper location on
the card with a blank left in the unused data space.

Power factor correction components may or may not be con~
nected at the machine, 1If thére are none, a blank card is
inserted for this information to indicate that these compon-
ents do not exist. Either a series or a parallel capacitor
could be connected. The program is formatted to accept either
capacitive ratings in Farads or capacitive reactance in Ohms.
Sometimes the information is only available in terms of VARS

in which case it must be converted to reactance. The conver-

sion is:
2
- v
X = VARS (57)
_ -1
C = X (58)
c
where:

V = voltage across capacitor

VARS = voltampere rating
w = radian frequency
X = capacitive reactance,

C = capacitance, F.
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Note that for a parallel capacitor V equals voltage line-
to~line, and VARS is the three~phase rating and is negative
in sign, For a series capacitor, V is the voltage across the
capacitor, and VARS is the capacitor volt-ampere rating. The
parallel capacitor situation is more common than the series,
but both are included.

For data card 3, series capacitance, parallel capacitance
(one phase only), series reactance, and parallel reactance (one
phase only) are allowable. Blanks are inserted for data posi-
tions not used. A daté position may be unused because of non-
existing components. Only input either a capacitance or a
reactance, not both. Capacitive reactance () is always negative
while capacitor size (F) is always positive.

Associated with every load is a trailing cable (actually a trans-
mission line). The information required is the length, ﬁype,
unit resistance and unit reactance. Length is expected in feet
so the unit resistance and unit reactance will be expressed in
Q/foot. It is desired to input the actual unit impedance for the
particular cable being simulated including, if possible, any
shunt reactance in that impedance. If the actual unit impedance
is not known, the program will assign an impedance from the

type. Assigned impedances from type specifications are assumed
values taken from Jones and others work.59 The assigned type

number for each particular cable size is provided as follows:
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Type Specifications for Transmission Line Input.

Iype Size
1 No cable
2 8
3 #6
4 # 4
5 # 2
6 #1
7 1/0
8 2/0
9 3/0

10 4/0

11 250 MCM
12 300 MCM
13 350 MCM
14 400 MCM
15 500 MCM

In some mines the load center and distribution box are separ-
ated by another transmission line (cable). For such a case,
the transmission line data are read the same as in card 4
above. If there is no such cable, a zero length and type

(or blanks) should be specified.

After all the a-c loads are read, d-c load information is next.
At this stage the number of d-c loads on the panel is read as
input ranging from zero to ten. If there are no d-c loads,
cards 7 to 9 are omitted.

Power and voltage of each d-c load are required in watts and
volts, respectively.

Data on the transmission 1iﬁe associated with this load are
used next. In the d-c case, reactance has no meaning and only
unit resistance is needed. Formatting is the same as for the
a-c transmission lines (item 4).

From the load center to the d-c distribution busbar may be a
transmission line (as was the case with a-c). Cable data entry

is identical to card 4.
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Every Panel is assumed to have a three-winding transformer
(primary, secondary and tertiary). If there are only a-c loads, the
transformer may not exist. In contrast, with any d-c load there must
be a transformer and a rectifier. The following describes the infor-
mation necessary for the Transformer Data Block.

Transformer Data Block. Transformers may be connected in two ways,

delta or wye. For this model the primary and secondary may be either
wye or delta. The d-c tertiary is permitted to be only a delta because
of rectification.

1. TFor purposes of data card input, the primary, secondary and ter-
tiary connections must be identified by "WYE", "DLTA" or "NONE". 1In the
case of no transformer,''NONE" must be specified for all three windings.
For a two-winding transformer the tertiary must still be specified "DLTA".
Likewise, for a primary-tertiary case, the secondary winding still is
specified.

In order to analyze the transformer equivalent circuit, specifica-
tions must be input for the exiter impedance and winding impedance cal-
culations. The program permits use of three options to obtain the
winding impedances:

1. short-circuit test data is option 1

2. percent kVA methods, percents read is option 2

3. percent kVA method, percents assumed is option 3.

The option to be used must be specified on the card with the tranformer
connections as 1, 2 or 3 to correspond to the above listed options.

2. On the transformer may be power factor correction components

connected in parallel on the secondary or primary. The sizes of these
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capacitors must be read in Farads. TFor conversion from VAR's to Farads
see data item 3 of the Panel Components Data Block.

3, The d-c rectifier has some forward resistance associated with
it. Reverse direction impedance is assumed infinity. TIf thé transformer
only has two windings, read in blanks for the parameter.

4, To calculate the turns ratios needed in the program, the rated
primary, secondary and tertiary voltages are input. For the two-winding
transformer, it is required that the rated secondary be read also as the
rated tertiary.

5. To calculate the exiter impedances the standard open circuit
test data consisting of rated primary voltage, open circuit power drawn
and open circuit current drawn are used. If this information is not
known, zero's are input and the program assumes an exciter impedance of
infinity which is a good approximation for most cases.

6. Under option 1, the standard short circuit data for the primary-
secondary, primary-tertiary and secondary-tertiary windings are needed,
each set of short circuit data on a separate card. If only a two-winding
transformer, place blanks in the data field of the non-existent winding.
In other words, for no d-c winding, blanks are inserted for primary-
tertiary and secondary-tertiary data.

7. Option 2 requires the percent resistance, rated kVA and voltage
be read. Percent is given in percent form, not decimal form (i.e., 1.0
percent is 1.0, not 0.01). Rated kVA is kilovolt-amperes, and voltages

is volts line-to-line. Each value is needed for primary winding (A),
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secondary winding (B), and tertiary winding (C). Therefore, three data
cards are necessary, one for each winding.

8. Option 2 also requires percent reactance, and rated reactive
kVA across the three coils, two at a time. The information is on one
data card in the order: for winding AB, percent reactance and kVA; for
winding BC, percent reactance and kVA; for winding AC, percent reactance
and kVA.

9. TFor option 3, data cards 7 and 8 (of this group) are also read.
However, for the percents which are unknown under option 3, blanks are
inserted. The program assigns default percents.

10. To complete the data for the Panel, one more transmission line
data set is read for the transmission line connecting the load center
to the line connecting all the Panels on this Feeder load.

Feeder Data Block. A Feeder load is composed of a number of Panels,

and each Panel in the Feeder requires the same information as specified

above. Referring to the DATA ORDER SEQUENCING, a Feeder is constructed

in the following manner.

1. Number of Panels in this Feeder is a key number that must be
read for each Feeder load.

2. After the number of Panels is used, the data for each Panel is
stacked in the order of Panel 1, Panel 2 through Panel n. For purposes
of card stacking, Panel 1 is the Panel farthest from the main Feeder
cable (as shown previously in Figure 6), and the number scheme progresses
until Panel n is the closest to the main Feeder line.

3. The last data set to complete the Feeder load is the transmis—

sion line data for each transmission line between Panels 1 and 2, between
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2 and 3, and so on, until the line between Panel n and the main Feeder
line 1s read. Tormatting is identical to other transmission line data
previously described (Panel Components Data Block, item 4).

Total Mine Data Deck. The complete data deck is constructed in the

succceding order:

1. The line frequency in Hz, and the number of Feeder loads, n, are
read at the very beginning of all the Feeder load data. Physically in
a card deck, this card is second to the Mine Descriptor Card.

2, Data cards constituting each Feeder load are then arranged
Feeder load 1, 2 ... n. Again Feeder load 1 is the one farthest from the
Main Mine Transformer and Feeder n is the closest. These loads are assumed
to have transmission lines separating the respective connections to the
main Feeder line as shown in Figure 6. For n loads, n transmission lines
are assumed. These are ordered identically to the Panel transmission
lines, in other words, line between Feeders 1 and 2, between 2 and 3, and
so on until the line between Feeder n and the Main Mine Transformer has
been read.

3. Finally, the Main Mine Transformer data are utilized and are
handled exactly as presented in the Transformer Data Block. That com-

pletes a static load flow simulation.

FAULTING OPTION

Data arrangement for a faulting simulation is very similar to that
of load flow. The first card is the Mine Descriptor Card. On this card
should be specified an identification (of some sort by the user to label

the output), the fault option, type of fault and location. As the Mine
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Descriptor Card has been described in complete detail at the beginning
of the Appendix, it will not be repeated here.

As in the static load flow option, the next card would describe
the line frequency and number of Feeder loads. Under normal conditions
the frequency would be 60Hz, and the number of Feeder loads would be
"1" for a fault simulation.

In line closely with the load flow data arrangement, the next card
is the number of a-c loads on the faulted Panel. To avoid being misled,
it should be pointed out that the number of Panels card is not in the
fault set.

Each a-c load data are read next, including the load parameters,
power factor correction components and associated transmission line. The
faulted load is assumed to be a-c load n. The transmission line from the
load center to distribution busbar is likewise input.

At this point, the fault routine diverges from the load flow as the
next card contains the rated secondary voltage (line-to-line) and three~
phase kVA rating in volts and kilovolt-amperes, respectively, of the
transformer.

To finish the fault data set, the various fault impedances Zg and
Z,. are required in that order, depending on the fault type as discussed

f

earlier. Zg and Zf are both complex numbers. TFor line-to-ground,
Zg is input; line-to-line, Zf; line-to-line-~to-ground, Zg and Zf; and

three-phase, Zg for one phase. TFor the case where Zg or Zf is not appli-

cable, leave the data space blank.

LOAD FLOW ~ DYNAMIC

The dynamic option basically operates by looping through the load

flow of the static option. However, to avoid the necessity of including
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the data cards for the transmission lines, correction components, trans-
formers and so forth, the program has been arranged so that this data

is stored on a disc then extracted from the disc at the proper calcula-
tion time. |

For a dynamic simulation, column 73 of the Mine Descriptor Card must
be set to "D". TFor every data set describing the electrical system that
is to be run under the option, a Mine Descriptor Card with the "D" in
column 73 must lead that portion of the card deck. For identification
purposes, it is recommended that some description or label be assigned
each data set run dynamically. The first data set is identical to the
static load flow deck, including load data, transmission lines, trans-
formers and so on.

The second data set contains only load parameters both a-c and d-c.
These load parameter cards must be arranged as they were in a static
load flow set (see Panel Components Data Blocl), but there are no trans-
former cards, power factor correction cards, transmission cards and so
forth. Care must be taken that for every load card in the first data
set, there is a corresponding card in every data set following.

The program will stop executing dynamically when it reads a Mine
Descriptor Card without the "D", or runs out of cards.

It is possible to run a static load flow, several types of faulting
situations and a dynamic load flow in one large deck subject only to
correct data card formatting, and the time and récords allowed for that

job.
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ouIPUT

Under either the dynamic or static load flow option, the power
parameters (voltage, current, power and power factor) are printed out.
These values are provided for each Panel, Feeder load and the power
company connection along with identification. Both the complex and
the polar versions of each parameter is printed to give complete data
in a form easily understood by the user. For example, the reactive
power consumed at a Panel can easily be translated into the correction
capacitor needed to bring power factor close to unity. The load flow
and faulting outputs are illustrated in the Appendix.

Faulting output is of a slightly different nature. The data of
interest here are the line currents, line-to-line voltages, and the
fault current. Again, both complex and polar values are printed for
ease of analyis.

The faulting option may also be used to examine the balanced
situation at the level of the load center by assigning a large fault
impedance of the order of magnitude of 1020. This would eliminate
the need of preparing data for an entire system when only this one
segment was of interest.

Included in the Appendix is a sample data deck written according
to the requirements of the User's Manual. The actual information sup-
plied does not represent a true mine-electrical system, but has been
provided only to test the program options. The output generated (from
the test data) is also given to aid the user in becoming familiar with

program implementation.
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The following abbreviations are used to identify the data cards:

MDC

FDB

PCDB

TDB

TMDD

FODT

FODZ

and will be

— Mine Descriptor Card

—~ Teeder Data Block

~ Panel Components Data Block

- Transformer Data Block

- Total Mine Data Deck

- Fault Option Data-Transformer

~ Fault Option Data-ground impedances

found to the right of the data. A blank card will be iden-

tified by '"blank'. The number associated with the abbreviation is the

data number

of that block.

Preceding the input-output example (Tables 35 and 36), is an overall

flow diagram (Figure 98), a list of data card types and formats, a list

of programs

subroutines and a list of error messages. The messages are

provided within the output to help the user debug his own data deck.
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Read Mine End. [/ .
Descriptor Card [~ | Stop Determine Fault
Set Options Type From M. D. C.
and Position
Read Frequency of
Curren)E;é %umber of
eders
Set Parameters td
Read or Write
on Disc
Yes  Tavlt
128
/'Read number of
Feeders and o
Frequency of :
Current Call Matrix
Call sl Loading Routine —
EALCAL For Fault Number ;
N Call Lodflo
- For Panel
Call Ladder to Caéimiigiezlio
Fomblne Feeder Loads
Series/Parallel
Yes
Print Panel Call XFMR,
Parameters For Calculations
to Mine Input
A
No Print Mine

Input Parameters

Figure 98. Overall Flow.




LIST OF DATA CARD TYPES AND FORMATS

Information
Mine Descriptor Card:

Data Set Description, character
Option letter, character
Fault type, integer

Fault location, integer
Line Frequency and Feeder Load Number:

Line frequency, Hz, real

Number of Feeder loads, integer
Number of Panels in Feeder Load:

Number of Panels in this Feeder load, integer
Number of a-c Loads in Panel:

Number a—-c¢ loads on the Panel, integer
Alternating-Current Load Parameters:

Power drawn by a-c load, watts, real
Line~to-line voltage at load, volts, real

Phase angle of load to some reference,
degrees, real

Power factor of a-c load, real
Load Power Factor Correction Components:

Series Correction Capacitor.Rating,
Farads, real

Parallel Correction Capacitor Rating,
Single Phase, Farads, real

Series Capacitive Reactance, Ohms, real

Parallel Capacitive Reactance, Ohms, real
Transmission Line Data:

Length of Line in Feet, real

310

Columns Format
1-72 72A1
73 1A1
79 Il
80 I1
11-20 £10.2

31-40 110

11-20 110

11-20 110

11-20 710.2
3140 F10.2
5160 ¥10.2
71--80 F10.2
11-20 E10.5
31-40 £E10.5
41-60 F10.2
71-80 F1i0.2
11-20 F10.2




Information Columns

Transmission Line Type, real
Unit Resistance, Ohms/ft., real

Unit Reactance, Obhms,ft., real
Number of d-c Loads in Panel:

Number of d-c loads in this Panel, integer
Direct-Current Load Parameters:

Voltage of d-c Load, volts, real

Power Drawn by d-c Load, watts, real
Transformer Corrections and Option:

Primary Connection on Transformer, character
Secondary Connection on Transformer, character
Tertiary Connection on Transformer, character
Transformer Rating Data Option, integer

NOTE: "WYE ", "DLTA", "NONE" are allowed

for winding connections, left justified.

Transforuesr Power Factor Correction:
Correction Capacitor on Secondary, Farads,
exponential
Correction Capacitor on Primary, Farads,
exponential
Rectifier Resistance:
Forward Rectifier Resistance, Ohms, real
Transformer Voltage Ratings:
Rated Primary Voltage Line-to-Line, Volts,
real

Rated Secondary Voltage, Line~to~Line,Volts,
real

Rated Tertiary Voltage, Line-to-Line, Volts,
real

31-40
51-60
71-80

11-20

11-20
31-40

11-14
21-24
31-34
41

11-20

31-40

11-20

11-20

31-40

51-60

311

Format

10.2
¥10.9
F10.9

I10

F10.2
F10.2

A4
Ad
A4
Il

E10.5

E10.5

F10.4

F10.2

F10.2

F10.2




Information
Transformer Open Circuit Test Data:

Voltage Test Data, Volts, real
Power Test Data, Watts, real

Current Test Data, Amperes, real

Transformer Short Circuit Test Data:

Voltage Test Data, Volts, real
Power Test Data, Watts, real

Current Test Data, Amperes, real

Resistance Percent Transformer Data:

Percent Resistance, percent, real
Kilovolt~Amperes, kVA, real

Voltage Line-to-Line, Volts, real

Reactance Percent Transformer Data:

Percent Reactance AB, Percent, real

Kilovolt-Amperes AB, kVA, real

Percent Reactance BC, Percent, real

Kilovolt-Amperes BC, KkVA, real

Percent Reactance. AC, Percent, real

Kilovolt~Amperes AC, kVA, real

Fault Impedances:

Line-to-Ground Impedance, Ohms, complex

Line~to~Line Impedance, Ohms, complex

Transformer Data Under Fault:

Rated Secondary Voltage, Line-to-Line,

Volts, real

Rated Three-Phase Volt—-Amperes, VA,

real

312

Columns Format
11-20 F10.4
31-40 F10.4
51-60 710.4
11-20 F10.4
31--40 F10. 4
51-60 F10.4
11-20 F10.2
31-40 F10.2
51-60 F10.2

6-10 F5.2
16-26 F10.0
31-35 5.2
41-50 F10.0
56-60 F5.2
66-76 F10.0
11-20 2710.2
21-30
41-50 2F10.2
51-60 '

11-20 F10.2

31-40 F10.2
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LIST OF PROGRAM ROUTINES

MAIN

LODFLO

XFMR

LADDER
PRINT

FINDTL

ZEQUIV
PFCC

ACLODS

MAIN reads the Mine Descriptor Card, determines the options, if
any, loads those necessary global values for the particular options
specified, and branches to the appropriate subroutine it calls to
solve the option.

Panel calculations are performed including a-c loads, d-c loads,
transmission lines, etc. Other subroutines are called for portions
of the panel calculations.

The transformer subroutine performs the calculations involving
generating the impedances associated with the transformer, recti-
fier, and power factor correction capacitors on the transformer
banks.

Iterative combination of panels and transmission lines or feeder
loads and transmission lines are done with LADDER.

Three-phase power parameters are calculated from single phase
values and printed in both complex form and polar forms.

When the unit impedance is not known for a transmission line this
subroutine will assign a standard impedance according to cable size,
or will assign a cable of zero impedance if the specified one is
invalid.

Transformer winding impedances are calculated from the short
circuit data and returned to XFMR.

Power factor correction capacitor impedances are calculated from
the size in Farads and returned to ACLODS.

The a-c loads in parallel in a panel are iteratively combined and

returned either to LODFLO or EALCAL (for fault situations).




EA1CAL

GAUSS

MXLOD1

MXLOD2

MXL.OD3

MXLOD4
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To perform the fault calculations pre-fault conditions must

be known. FEALCAL performs this function for all the unbalanced
fault subroutines,

The matrices generated in the fault subroutines are éolved in
GAUSS using Gauss~Jordan reduction with partial pivoting. If
the matrix is not solvable (a column of all zeros), the routine
returns an error code for the calling routine to abort further
processing of the fault.

The matrix for a single line-to-ground fault is loaded and the
line currents and line-to-line voltages of iﬁterest are printed
in both complex and polar modes;

Line-to-line~to~ground matrix loading and output printing is
accomplished in this subroutine.

Similar to MXLOD1l and MXLODZ; but for the line-to-~line fault.
Three-phase symmetrical fault is analyzed on a balanced single

phase equivalent basis.

ERROR MESSAGES

1. ERROR ----> INVALID FAULT TYPE #
Source: MAIN
Reason: Fault type # is not 1, 2, 3, 4

Action: Program stopped executing

2. ERROR - NO TRANSFORMER DATA GIVEN
Source: XFMR

Reason: Transformer connection card not WYE, DLTA, NONE.

Action: Program stopped executing.
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XXX ERROR - NO TRANSFORMER-RECTIFIER FOR DC

Source:
Reason:

Action:

XFMR
Number of d-c loads not = 0, no transformer given.

Program stopped executing.

XXX ERROR - DC TERTIARY NOT GIVEN AS "ELTA" CONNECTION

Source:
Reason:

Action:

XFMR
Self-explanatory

Program stopped .executing.

*%&% FINDTL #%%* INCORRECT TYPE >

Source:
Reason:

Action:

Source:
Reason:

Action:

FINDTL
Transmission line type # not between 1 and 30.

Type 1 cable assumed with zero impedance,

~—= > NO LOADS SPECIFIED FOR FAULT

EALCAL
Fault mode in progress, but no loads were on faulted panel.
Entire data set associated with fault is bypassed, and an

attempt is made to read another data set.

NO SOLUTION IN GAUSS ELIMINATION, ONE OR MORE COLUMNS ARE ALL ZERO

Source:
Reason:

Action:

MXLOD1l, MXLOD2, or MXLOD3
Matrix loaded had column with only zeros, no solution possible.
All processing with this fault data set is aborted, and an

attempt is made to read a new mine descriptor card.




THIS

0.0
' 3
1
72000.0

0.0
1000.0

0
DLTA
.00000E+00
0.0
7200.0
7280.0
76.5502452
¢.0
0.0
400.0

72000.0
0.0
1000.0
72000.0
6.0
10G0.0
72000.90
0.0
1000.0

Table 35. -

IS A TEST OF LODFLO REGULAR AND DYNAMIC

DLTA
.000G0E+0O

550.0
34560.0
2478.84L3
0.0

0.0

G¢.0

540.0
0.0
10.0
5L0.0
0.0
10.0
540.0
0.0
10.0
1.0

Sample Data Deck -

OO
o *
OO

550.0
3.8957727
0.3

.0

0.6
G.000115
6.0
0.0
.76699L06
0.0

0.0
0.0

0.000103

-MDC
~TMDD
~-FDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
—-TDB
-TDB
-TDB
~TDB
-TDB
-TDB
~TDB
~TDB
~TDB
-PCDB
-PCDB
~PCDB
-PCDB
-PCD3B
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB

. —PCDB

-PCDB

AUV BPLWNDNEPWNNPPLNDNHERHEHOOOOUMEEWNREFEFOWL S WDN R

9T¢




NONE NONE

o]

200.0
1000.0

DLTA WYE
.00000E+00
0.0

7200.0

72G60.0

0.0
70.5902452
.0

72000.0
0.0
1000.0

200.0
1000.0

DLTA WYE

Table 35.

100000.0
10.0

1.0

DLTA 1
.00000E+0C

550.0
34L560.0
0.0

2478 .843
0.0

L
cooD

.
.
-
.

54C.0
0.0
10.0
1.0

100000.0

10.0

1.0

DLTA 1.0

Continued

550.0
8.8957727
0.0

890.9

0.0

[em R an ]
. o
OO

-TDB
-TDB
~PCDB
-PCDB
~-PCDB
-PCDB
-PCDB
-TD3
-TDB
-TDB
-TDB
-TDB
-TDB
-IDB
~-TDB
-TD3
-FDB
~FDB
-FDB
-FDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
~PCDB
-PCDB
-PCDB
-TDB

1

=
(@]

)—‘\OOO\IO’\UIL\U)N)—‘HL}JUJUJI-OJO\O\G\LH-L\UJNH\OOO\JO\H

LTE




.00000E+00
0.0
7200.0
7200.0
70.5902452
70.5802L452
76.5802452

1
72000.0
6.0
1006.0

0
DLTA WYE
.00000E+00
0.0
7200.0
7200.0
70.5902452
0.0
0.0
4G0.0

1
72000.0
0.0
1000.0

0
WYE WYE

Table 35.

.00000E+00

550.0
34560.0
2L78.8L3
2L78.8L3
2478.8u3
1.0

5L0.0
0.0
10.0
1.0

DLTA 1.0
.43900E-0L

550.0
34560,0
2478.8L3
.0

9.0

0.0

540.0
0.0
16.0
1.0

DLTA 1.0

Continued

550.0
8.8957727
90.9

90.9

90.9

o o
<O O

co <O

DO e

v QO

7727

2

OO OWw o Ut
[ BNV |

1060115

DD Qe

’ e
[en o]

6.0006103

0.
0.

O~

n
o~

~-TDB
~TDB
—~TDB
-TDB
~TDB
-TDB
-TDB
-TDB
-PCDB
-PCDB
-PCDB
~-PCDB
~PCDB
~-PCDB
-IDB
-TDB
~TIDB
-TD3B
—-TDB
-TDB
-TDB
-TDB
-TDB
-PCDB
~PCDB
-~-PCDB
~PCDB
-PCDB

—PCDB

-TDB

o

oM P WNRREFHEOOCOOOUMEREWLWNDFHFOODBMESEWNRR OO W

8T¢



.00000E+00
0.0

7200.0
72G60.0
70.5902452
0.0

.0

4L00.0

72000.0
0.0
1000.0

0
WYE DLTA
.00000E+0O
0.0
7200.0
7200.0
70.5902452
0.0
0.0
400.0

72G600.0

0.0
1000.0

DLTA DLTA

Table 35.

.00000E+GO

550.0
34560.0
2L78.8L43
0.0

0.0

.0

540.0
0.0
10.0
1.0

DLTA 1.0
.00C00E+00

550.0
34560.0
2478.843
0.0

0.0

0.0

540.0
0.0
10.0
1.0

DLTA 1.0

. Continued

550.0
8.8957727
90.9

0.0

0.0

0.000115 0.000103

0.0
3.0 0.0

550.0
8.8957727-
80.9

0.0

0.0
0.060115 0.000103

0.0 0.72
0.0 :

-TDB
-TDB
-TDB
-TDB
~TDB
-TDB
-~TD3B
-TDB
~PCDB
-PCDB
~-PCDB
~PCDB
-PCD3B
~PCDB
~TD3
-IDB
-~TDB
-IDB
~TDB
-TDB
-TD3
-TDB
-TDB
-PCD3
-PCDB
-PCDB
-PCDB
—-PCDB
-PCDB
-TDB

HPFOUEREWNDNHEREOCOOOUMEEREWNDHFOOUWMEREWNEHEHEOCOGU N

61¢




.00000E+Q0 .00000
0.0
7200.0 550.0
7200,0 34560.
70.5802452 2478.8
0.0 0.0
0.0 0.0
400.0 0.0
1.0
1.9
1.0
1.0
1.0
1.0
1.0
NONE NONE NONE
DATA SET # 2 CONSISTS ONLY OF LOADRS
72000.0 540.0
72060.0 540.0
72000.0 50.0
720080.0 5L0.0
200.00 160000
727000.0 SLOL.0
260.00 100000,
72006,0 Sun,l
72C200.0 547,10
72300.0 SEG.D
72000.9 54G.0
NGW LETS VARY THE LOADS IN THIS RUN
72000.0 540.0

Table 35. Continued

E+00
550.0
0 8.8957727
L3 80.9
0.0
0.0
0.000115

(THE SAME AS BEFORE)

: 0.0
0.0
2.0
0.0
.00
5.0
99
0.0
0.0
0.0
0.6
TO SEE WHAT HAPPENS

0.000103

-TDB
~-TDB
-TIDB
-TDB
~-TL3B
-TDB
-TDB
-TIDB
~FD3B
-FDB
-FDB
~FDB
-FDB
-TMDD
~TMDD
~-TDB
-MDC
-PCDB
-PCDB
-PCDB
-PCDB

- —PCDB

-PCDB
~PCDB
—-PCDB
-PCD3
~-PCDB
—-PCDB
-MDC

-PCDB

HWWLWLLWWLWWWE OO WL S~ WN

MDD NN

N

0¢e




THIS

THIS

Table 35.

60.00

1

Continued

"blank"

"blank"

"blank"

"blank"

72000.90 540.0
36000.0 540.0
95000.0 540.¢
200.0 16000.0
72000.0 550.0
200.0 15000.0
85000.0 540.90
72000.0 548.0
72000.0 540.0
72000.90 540.0
IS A TEST DATA SET FOR DEBUG PURPOSES FAULTED CONDITION
60.00 1
L
72000.00 540.00
1800.00 10.00
72000.00 54L0.60
1000.00 10.50
72000.00 540,00
1000.00 10.00
72000.00 540.00
1000.00 10.00
200.00 10.00
525.00 180000.00
1.00 1.00

IS A TEST OF TWO LINES TO GROUND ROUTINE

10

.72

.72

.72

.72

-PCDB
-PCDB
~PCDB
-PCDB
-PCDB
-~-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-MDC

~-TMDD
-PCDB
~PCDB
-PCDB
-~-PCDB
-PCD3
-PCDB
-PCDB
-PCDB
-PCDB
~PCDB
-PCDB
-PCDB
~-PCDB
-PCDB
-FODT
~FODZ

. —MDC

-TMDD

NN N

UL PFPFONPWNNPELWDNDE R

Tce




THIS

I
72000.00

1000.00
72000.00

1000.00
72000.00

1000.00
72000.00

1000.00
200.00
325.00

1.00

IS A TEST OF LINE TO LINE

60.00
L
72000.00

1000.00
72000.00

1600.00
72000.00

1000.00
72000.00

Table 35.

540.00

10.00
540.00

10.00
540.60

10.00
540.00

16.00
10.00
180000.00
1.00

1

540.00

10.00
5L4L0.00

10.00
540.00

10.0C0
540,00

"blank"

"blank"

"blank"

"blank"

"blank"

"blank"

"blank"

"blank"

Continued

.72

.72

.72

.72

.72

.72

.72

.72

-PCDB
~PCDB
-PCDB
-PCDB
-PCDB
-PCDB
~PCDB
~PCD3
~PCDB
-PCDB
~PCDB
-PCDB
~PCDB
~PCDB
-FODT
-F0DZ
-MBC

-TMDD
-PCDB
-PCDB
—-FCDB
~PCDB
~FCDB
-PCDB
-PCD3B
-PCDB
-PCDB
-PCDB
-PCDB
~PCDB

UMW erwWwNNPPLONNESEODNDE

WNSFWNSLWPD WD
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1000.00
200.00
525.00

TRY A THREE PHASE FAULT
560.00
4
72000.00

100G.00
72000.00

1000.00
72000.00

1000.00
72000.00

1000.00
200.00
1.00

Table 35.

10.00
19.00
180000.50
1

5L0.00

10.00
5450.00

10.00
540.00

10.0¢C
540.00

Continued

"blank"

"blank"

"blank"

- "blank"

10.00
10.900
1.00

1.00

.72

.72

-PCDB
-PCDB
-FODT
~F0DZ
-MDC

~TMDD
~-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCDB
-PCD3

-FODZ

W

MWW NEFEWDNSAFEONREEWNEE
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Table 36. Computer Output-
*x%xx%* MINE ELECTRICAL SYSTEM SIMULATOR *x%xx3*
xxxxx LOAD FLOW CALCULATIONS #sxxx

NAME OF USER = ALBERT ERIC K CATE = 07/10/73

THIS IS A TEST OF LODFLO REGULAR AND DYNAMIC
NO FAULT CALCULATIONS SPECIFIED, NORMAL PROGRAM FLOW

PANEL LCAD PARAMETERS - THREE PHASE - PANEL

REAL REACTIVE MAGMITUDE AMGLE
VOLTAGE (VOLTS) 4183.578 ~33.718 o h183.711 259,54
CURRENT (AMPS) L.256 ~22.557 22.955 280.638
IMPECANCE (OHMS) 208.206 238.285 316.432 L8.8E
POWER (KVA) 108.711 125.561 166.740 46.86
POWER FACTOR 0.€58

U4



Table 36. Continued

PANEL LCAD PARAMETERS - THREE PHASE - PANEL yA

REAL REACTIVE MAGNITUDE ANGLE
VOLTAGE (VOLTS) L81.945 272.7¢64 553.77¢ 29.51
CURRENT (AMPS) 230.940 -222.592 320.750 316.05
{MPEDANCE (QHMS) 2.171 2.057 2.830 L3.46
POWER (KVA) 223.335 211.597 507.65¢6 L3.L46
POWER FACTOR 0.726

PANEL LOAD PARAMETERS - THREE PHASE - PANEL 3

REAL REACTIVE | MAGNITUDE . ANCGLE
VOLTAGE (VOLTS) 4L625.157 2688.552 5349.785 30.17
CURRENT (AMPS) LL.LOO -9.621 L5.431 3L7.77
IMPEDANCE (OHMS) 199.208 k3.780 203.962 12.40
POWER (KVA) 4b131.153 80.360 L20.665 12.40
POWER FACTOR 0.977

T4



' Table 36. Continued

FEEDER LOAD PARAMETERS - THREE PHASE - FEEDER LOAD 1

REAL REACTIVE MAGNITUDE ANGLE

VOLTAGE (VOLTS) 549,238 326.629 632.021 30.7k

CURRENT (AMPS) 279.597 -25L.770 378.262 317.66

[HMPECANCE (OHMS) 2.137 1.296 2.926 4L3.08

POWER (KVA) 305.7895 285.957 418.667 4L3.08
0.730

PCWER FACTOR

PANEL LOAD PARAMETERS - THREE

REAL REACTIVE MAGNITUDE ANGLE
VOLTAGE QVOLTS) 4L036.632 1958.509 LLBb.66L 25.88
CURRENT (AMPS) 46.695 -22.028 51.629 33L.7L
IMPEDANCE (OHMS) 1L0.390 54,283 15¢.51¢ 21.14
POWER (KVA) 374,217 14L.693 401.217 21.14
POWER FACTOR 0.933

- PANEL

9¢¢




VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER)FACTOR

VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

REAL
4190.742
- 24,556
147.076
106.741

0.553

REAL
6316.948
8.6L40
62L.341
109.€63

0.658

Table 36.

Continued

PANEL LOAD PARAMETERS - THREE PHASE - PANEL

REACTIVE

=30.507
11.965
-221.323

~165.141

MAGNITUDE

4190.852.

27.316
265.735

198.279

ANGLE
359.58
25.98
303.60

303.60

PANEL LOAD PARAMETERS - THREE

REACTIVE

3580.085
-10.050
71,608

125.515%

MAGN I TUDE

7260.910

13.253
948.929

166.676

ANGLE
29.5L
310.68
L8.86

L8.86

PHASE - PANEL

2

3

LZ¢




Table 36. Continued

PANEL LOAD PARAMETERS - THREE PHASE - PANEL L

REAL REACTIVE MAGNITUDE ANGLE
VOLTAGE (VOLTS) 6372.5873 10827.316 . 12563.656 59.52
CURRENT (AMNPS) 12.501 -5.31¢9 13.586 336.95
IMPEDANCE (GHMS) 8973.565 1271.893 1601.730 52.57
POWER ) (KVA) 176.697 234.761 295.641 52.57
PGWER FACTOR 0.608

PANEL LOAD PARAMETERS - THREE - PANEL

REAL - REACTIVE | MAGN I TUDE. ANGLE
VOLTAGE (VOLTS) 6313.641 3574.475 7255.270 29.52
CURRENT (AMPS) 14,146 -18.805 23.531 306.95
IMPEDANCE (OHMS) 32hf61u h2§.0&7 53L.031 52.57
POWER (KVA) 173.748 234,806 295.708 52.57
POWER FACTOR 0.608

8¢C¢



Table 36. Continued

FEEDER LOAD PARAMETERS - THREE PHASE - FEEDER LOAD 2

REAL REACTIVE MAGNTTUDE ANGLE
VOLTAGE (VOLTS) 5912.039 1971.661 GZSZ.I&S 18.uk
CURRENT (AMPS) 106.536 -LL,238 115.356 337.45
IMPEDANCE (OHMS) 81.858 17.845 93.575 10.9¢
POWER (KVA) 1222.346 237.467 1245.18¢ 10.8¢
POWER FACTOR 0.982

MINE INPUT PARAMETERS - THREE PHASE

REAL REACTIVE MAGNITUDE ANGLE
VOLTAGE (VOLTS) 663.091 454,022 8§03.632 34,40
CURRENT (AMPS) 386.133 -299.0038 L88.3E¢G 322.25
IMPEDANCE (OHMS) 2.113 1.913 2.850 42.15
POWER (KVA) 503.959 L56.206 679.778 4L2.15
POWER FACTOR 0.741

6C¢t




Table 36. Continued

wxxx% MINE ELECTRICAL SYSTEK SIMULATOR #*%x%x
xx%x% LOAD FLOW CALCULATIONS #xxxx

NAME OF USER = ALBERT ERIC K DATE = 07/10/73
DATA SET # 2 CONSISTS ONLY OF LOADS (THE SAME AS BEFORE) -

NO FAULT CALCULATIONS SPECIFIED, NORMAL PROGRAM FLOW

PANEL LOAD PARAMETERS - THREE PHASE - PANEL

REAL REACTIVE MAGNITUDE ANGLE
VOLTAGE (VOLTS) 4193.574 -33.718 L193.707 . 359.54
CURRENT (AMPS) L.256 -22.557 22.955 280.638
IMPEDANCE (OHMS) 208.205 238.285 316.432 L8.86
POWER (KVA) 109f711 125.561 166.740 4L8.86
POWER FACTOR 0.658

oge



VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VGLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POKER)FACTCR

REAL

481.945
230.940
2,171
223.335

0.726

REAL
4L625.129
LL,ECO
199,208
4b11.152

0.977

Table 36.

Continued

PANEL LCAD PARAMETERS - THREE PHASE - PANEL

REACTIVE

272.764
-222.592
2.057

211.597

PANEL LOAD PARAMETERS

REACTIVE

2688.548
-9.621
L3.780

90.36¢0

MAGNITUDE

553.779
320.750
2.950

307.656

MAGNITUDE

53L9.773
L5.431
205.962

L20.96L4

ANGLE

29.51

31€.95

L3.46

B3.46

- THREE

ANGLE
30.17
3L7.77
12.40

12.L0

PHASE - PANEL

2

3

1€e



VOLTAGE (VCLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VOLTS)
CURRENT (ANMPS)
[MPEDANCE (OHMS)
POWER (KVA)

POWER FACTCOR

REAL
5L9.238
279.597

2.137
305.795

0.750

REAL
4L036.6553
L6.8693
140.356
374,217

0.833

Table 36.

FEEDER LOAD PARAMETERS - THREE PHASE

REACTIVE

326.629
-254L4.770C
1.99¢

285.957

13

Continued

639.021
378.262
2.926

4L18.667

AGNTTUDE

ANGLE

PANEL LCAD PARAMETERS - THREE

REACTIVE

1958.510
-22.029
54,283

144,694

MAGM I TUDE

LLBC.EBL
51.629
150.51S8

L01.217

AHGLE

334,74

21.14

PHASE

F

m
m
)

PANEL

m
20

LOAD

1

[42%




VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

REAL
4L160.738
2L.556
147.076
108.741

0.553

REAL
6316.9L5
8.640
62L.339
10¢.663

0.658

Table 36. Continued

PANEL LOAC PARAMETERS = THREE
REACTIVE MAGNITUDE ANGLE
-30.505 4390.8L48 359.5¢8

11.965 27.31¢ 25.638
-221.323 265.736 303.60
-165.140 198.279 303.60

PANEL LOAD PARAMETERS - THREE

REACTIVE MAGNITUDE ANGLE
3580.080 7260,90¢€ 25.54
~10.050 13.2553 310.68
71L.6C7 948.927 Le.et
125.518 166.675 L8.86

PH

£ee



VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (0OAMS)
POWER (KVA)

POWER FACTOR

REAL
6372.968
12.501
873.561
179.697

0.608

REAL
6313.648
14,146
32L.615
179.7438

0.608

Table 36.

PANEL LOAD PARAMETERS - THREE PHASE

REACTIVE
10827.297
-5.319
1271.890

234,762

Continued

MAGN I TUDE

12563.641

13.586
1601.726

265.642

ANGLE
59.52
336.95
52.57

52.57

PANEL LOAD PARAMETERS - TiHREE

REACTIVE
3574.479

-18.805

L2L.04G

234,308

MAGNITUDE

7255.277
23.551
534,050

295.70¢Q

ANGLE
29.52
306.95
52.57

52.57

- PANEL

PHASE - PANEL

L

5

vee




VOLTAGE (VOLTS)
CURRENT (AMPS)
fMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VCLTS)
CURRENT (AMPS)
[HMPEDANCE (OHMS)
POWER (KVA)

POWER FACTCR

REAL
5912.039
106.536
91.858
1222 .345

0.682

REAL
6€63.092
386.133

2.113
503.959

0.741

Table 36. Continued

FEEDER LOAD PARAMETERS - THREE PHASE - FEEDER LOCAD

REACTIVE MAGNI TUDE ANGLE
1971.665 6232.145 18. 54k
-4, 239 115.356 337.45
17.845 93.575 10.98
237.4G9 . 1245.198 10.99
MINE INPUT PARAMETERS - THREE PHASE

REACT I VE MAGNTTUDE ANGLE
454,022 £03.633 34,40
-299.008 488,369 322.25
1.913 2.850 42,15
156,206 679.77¢8 42.15

Gee

2



Table 36. Continued

*xxx% MINE ELECTRICAL SYSTEM SIMULATOR »#x=%x
xxx%%x LOAD FLOW CALCULATIONS #sxxx

NAME OF USER = ALBERT ERIC K CATE = 07/10/73

MOW LETS VARY THE LOADS IN THIS RUN TC SEE WHAT HAPPENS

NO FAULT CALCULATICNS SPECIFIED, NORMAL PROGRAM FLOW

PANEL LCAD PARAMETERS - THREE PHASE - PANEL

REAL REACTIVE MAGNITUDE ANGLE
VOLTAGE (VOLTS)  4193.574 ~33.7lé 123,707 358,54
CURRENT (AMPS) L,256 ~22.557 22.855 280.68
iMPEDANCE (COHMS) 208.205 233.285 316.432 Lg.38¢e
POUER (KVA) 109,711 125.5¢61 166.7L0 L8.86
SOV I FACTCR 0.C58

9¢e



Table 36. Continued

PANEL LOAD PARAMETERS - THREE PHASE - PANEL 2

REAL REACTIVE MAGNITTUDE ANGLE
VOLTAGE (VOLTS) 483.121 272.677 554.760 29,44
CURRENT (AMNPS) 217.041 -222.820 311.056 314,25
IMPEDANCE (OHMS) 2.177 2.192 3.089 5,19
POWER (KVA) 210.629 212.0657 298.886 45.19
POWER FACTOR 0.705

PANEL LOAD PARAMETERS - THREE PHASE - PANEL 3

REAL REACTIVE MAGN I TUDE ANGLE
VGLTAGE (VCLTS) 3997.054 2309.509 Lolo.305 30.02
CURRENT (AMPS) 9.153 -6.316 12.3€6 317.74
IMPECANCE (OHMS) L78.415 L3L.953 646.579 L2.28
POWER (KVA) 73.160 66.513 98.876 42.28
PCWER FACTCR 0.7L0

LEe




VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

REAL
534.600
230.450

2.145
251.9%82

0.70L4

REAL
3797.183
11.107
207.308
122,842

0.760

Table 36.

FEEDER LOAD PARAMETERS

REACTIVE

277.896
~253.693
2.161

253.861

Continued

MAGNITUDE
602.514
382,735

3.045

357.673

27.47
312.25
45,22

L5.22

PANEL LCAD PARAMETERS - THREE

REACTIVE

509.334
-21.661
177.019

10L.894

MAGNITUDE .

272.692

161.533

ANGLE

3831.200 7.64
343 297.14
L0.50

4L0.50

- THREE PHASE

PHASE

PAMEL 1

8¢€e




VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPECANCE (OHMS)
POWER (KVA)

POWER FACTCR

REAL
4229.145
25.711
190.359
135.486

0.693

REAL
£6316.945
3.6L0
624.339
10¢.6¢E5

0.658

Table 36. Continued

PAMEL LOAD PARAMETERS - THREE
REACTIVE MAGNITUDE ANGLE
-46.662 L229.402 359.37

7.120 26.678 i5.48
-197.893 274,587 313.89
-140.848 195,434 315.8¢9

PANEL LOAD PARAMETERS - THREE
REACTIVE MAGMITUDE AMGLE
3580.080 7260.9506 20.504
-10.0590 13.253 310.68
714.607 848.927 48.86
125.518 166.675 48.R25

PHASE -

PHASE

PANEL

PANEL

A

3

6€¢



VOLTAGE (VOLTS)
CURRENT (AMPS)
iMPEDANCE (OHMS)
POWER (KVA)

POWER FACTCR

VOLTAGE (VOLTS)
CURRENT (AMPS)
[FPECANCE (QHMS)
POWER (KVA)

PCwWER FACTCR

REAL
6372.%€9
12.501
973.5061
179.687

0.608

REAL
6313.64L2
14,146
324,613
178.748

0.608

Table 36.

PANEL LOAD

REACTIVE
10827.257
~-5.319
1271.390

234.762

PANEL LOAD PARAMETERS

REACTIVE
557L.4L78

-18.805

L2L.045

23L.8C8

Continued

MAGNTTUDRE
12563.641
15.586
1601.72¢

285.¢642

MAGNITUDE
7255.277 |
23.531
534,030

295.708

ANGLE
59.52
336.895
52.57

52.57

- THREE

ANGLE
29.52
306.95
52.57

52.57

PARAMETERS - THREE PHASE -

PANEL

L

03729



VOLTAGE (VOLTS)
CURRENT (AMPS)
HAPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

VOLTAGE (VOLTS)
CURRENT (AMPS)
IMPEDANCE (OHMS)
POWER (KVA)

POWER FACTOR

REAL
6123.676
72.104
119.352
503.751

0.948

REAL
639.858
302.554

2.122
388.258

0.712

Table 36.

FEEDER LCAD PARAMETERS

REACTIVE
15906.850
-48.715
LO.18L

304.281

REACT!QE
363.808
-302.4L408
2.093

382.979%

Continued

MAGNITUDE
6326.265
87.018
125.935

953.600

- THREE PHASE - FEEDER LOGAD
ANGLE

14.56
325.8¢8

18.¢€1

18.¢1

MINE INPUT PARAMETERS - THREZ PHASE

MAGNITTUDE
736.053
L27.772

2.980

545.360

ANGLE
29.62
315.01
Lt.61
bio.61

Tve
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Table 36. Continued

#x%x%x% MINE ELECTRICAL SYSTEM

SIMULATOR wwxx

*xxxx LOAD FLOW CALCULATIONS %%x%s%

NAME OF USER = ALBERT ERIC K DATE = 07/10/73
THIS IS A TEST DATA SET FOR DEBUG PURPOSES FAULTED CONDITION

FAULTED PANEL =----> WITH ORE LINE TO GROUND

FAULT IMPEDANCE = 1.00 1.00 = J

(A%




Table 36.

LINE TO LINE VOLTAGES AMD LIME CURRENTS

REAL
VOLTAGES (VOLTS)
E B TO C = 13.347
E CTOA = 4L65.54LL
E A TC B = -478.892
CURRENT (AMPS)
A = 399.922
I8 = -h03.117
IC = 138.916
FAULT CURRENT
iF = 135.721

REACTIVE

559.65¢
-296.543

-263.410

-112.892

-148.186

418.279

-141.7S8

Continued

FAULTED PANEL PARAMETERS

MAGNITUDE ANGLE
- 560.118 82.¢CkL
551.868 327.50
5LE.558 208.281
574.819 314.08
L239.490 200.18
L41.693 71.67
196.283 313.74

£ve



Table 36. Continued

xxx%%x MINE ELECTRICAL SYSTEM SIMULATOR

NAME OF USER = ALBERT ERIC K DATE

THIS IS A TEST OF TWO LINES TO GROUMD ROUTINE

FAULTED PANEL =----> WITH TWO LINES TO GROUND
FAULT IMPEDANCE (LINE TO GRND) = 1.00
FAULT IMPEDANCE (LINE TO LIRNE) = 1.08

*%x%x%x% [LOAD FLOW

= 07/10/73

1.00

1.09

*

*

J

J

CALCULATIONS ##%*x*=%

ER

VA%



Table 36.

LINE TO LINE VOLTAGES AND LINE CURRENTS

REAL
VOLTAGES (VOLTS)
E B TOC = 26.898
E CTO A = L63.359
E ATO B = -490.257
CURRENT (AMPS)
A = 346.179
18 = -575.555
Ic = 170.404
FAULT CURRENT
IF = 58.972

REACTIVE

549.188

-285.917

-263.270

-410.814

-192.398

669.808

Continued

FAULTED PANEL PARAMETERS

MAGNITUDE

5L9.8L6
5LL.L72

556.474

537.223

608.117

AMGLE

87.20

328.32

208.24

31L.70

Gre



Table 36. Continued

sx%xx MINE ELECTRICAL SYSTEM SIMULATOR #*xx=
sxxx%x LOAD FLOW CALCULATIONS ##%xx

NAME OF USER = ALBERT ERIC K DATE = 07/10/73

THIS IS A TEST OF LINE TO LINE

FAULTED, PAMEL ---=> WITH LINE TO LINE FAULT

FAULT IMPEDANCE = 1.00 1.00 = J

a%e




Table 36.

LINE TC LINE VOLTAGES AND LINE CURRENTS

REAL
VOLTAGES (VOLTS)

E B TOC = 37.665
E CTOA = 458.782
E ATOB = -L9G.4LS
CURRENT (AMPS)

1A = 362.216
I8 = -602.594
ic = 240.378
FAULT CURRENT

IF = 124,625

REACTIVE

510.986

=274.3044

-236.642

54L8.871

-130.424

Continued

FAULTED PANMEL

PARAMETERS

MAGNITUDE

512.372
534,552

54L8.963

180.393

ANGLE

85.79
329.12

205.L9

18%.00

313.70

Lve



Table 36. Continued

*x%x%x%x MINE ELECTRICAL SYSTEM

SIMULATOR #%x*%

w=xxxx [OAD FLOW CALCULATIONS *%x%%%

NAME OF USER = ALBERT ERIC K DATE = 07/10/73

TRY A THREE PHASE FAULT

FAULTED PANEL =----> WITH THREE LINES TC GRCOUND

FAULT IMPEDANCE = 1.00 1.00 = J

8hve




Table 36. Continued

LINE TC LINE VOLTAGES AMD LINE CURRENTS
REAL REACTIVE MAGNITTUD
VOLTAGE (VOLTS)
E B TC C = 529.327 281.101 589.337
NOTE: BALANCED SYSTEM, E A 70 B AND E C TO A EQUA
CURRENT (AMPS)

1A = 471.548 -L68.239 66L.534

FAULTEDR PANEL PARAMETERS

E

L TC ABOVE VALUE

NOTE: BALANCED SYSTEM, IB AND IC EQUAL TO ABOVE VALUE

FAULT CURRENT

IF = 155.884 -155.885 220.454

343



APPENDIX VI

MINE ELECTRICAL SYSTEM SIMULATOR SOFTWARE




OO0

S K

M VK

e NeNe!l

vk 3¢

C ke
C ¥k

690

ok

PB4

OO0

a0k

C ek

C Mk

1000

OO
* % %
% % %
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e Aol i ol vk o e e Ne ol ool sl ol koo ol ol ol ok ol ol ool ol ade o e e vl i v i vl ol sl sl i sl v ol e ool v sl ol s e o ane o Xl e vz s BT sl ol ol

%ok 2ok
0ok MINFE ELECTRICAL SYSYEM STMULATOR Ak
e e . x K
%% LCAD FLOW CALCULATICAKS Ao
ooy ¥ e
% 3 FAIN PRCGRAM . 333
KR %ok

2 %ol sk ol dle e dte ol A sl vl ool ol e o sk at sl sk e ol sl vk ol 3 ok ot ol i e ol ol ofe a3 ok sl ol X ol ol sl ol e Y2 ok ol ol ok ok ol g sl 3l ol v el e ook
REAL F%,INC

INTEGUR NSECTN:I ¢ NBENDCU

LOGICAL CHEQIFLG

LOGICAL L TD{33) s MNANMEC(T3) sNME(20) DAY (B) FLY/'F*/,DYN/YD/ BRK /Y
-t/

COMPLEX ZBE(L10) yIBE{10)ZSECTN(IO},ISECTN(10), ZMINE, TMINE, Z1PHS,
ITIPHSRPUWR(LI QY

COMMON /1020027 W

COMMON /LTDO004/ TPCS

COMMON /1L000C6/ IDEVEIFLG

EQUIVALENCE (ID{14) NME{L))

GET SYSTEM JOB PARAMETERS FCR HEADING

CALL NANMEL{ID)
CALL DATE(DAY)
NDYN=0

READ THE MINE DESCRIPICR CARD FOR NAME AND OPT IONS

READ(5:499,END=70L) MNANE,ITYPE,IPCS
IFLG=FALSE.
IDEV=5

DETERMINE IF DYNAMIC CPYICN SPECIFIEC AND SET UP vALUCS IF SO

IF(CHEQUMNAME(T3) ;FLT) s CR.CHEQGIMNAME(T3 )y BNK) ) NDYH=0
TF(CHEQUENAME(T3) +DYN)) NDYN=NDYN+L
TFINDYNL.GVe 1 AND CHEQUIMNAME(TZ) DYN)Y) IDEV=90
TF(CHEQUIMNAME(T3) +DYN) s ARND.NDYN.EQ.1) IFLG=.TRUE.

READ THE FREQENCY OF THE CURRENT AND THE NJMBER OF FEEDER LOADS

READ(IDEV10C0) F,NSECTN

IFCIFLGY  WRITE (9D,1000) F,NSECTN
FORMAT (10X,;F10.2410X,110)

W = F¥6,.283]185

PRINT 501

PRINT S500,NME,DAY

PRINT 502 (MNAME(T) 41=1,72)

m

DO We HAVE A SET OF FAULT DATA ?

TF(CHEQ(FL Ty MNARELT3) Y)Y GO TC 511
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PRINT 503
DO 10 I = 1NSECTN

C dex
C *¥% PLCRFORM THE LOAD FLOW CALCULATICNS ON THE PANELS —-= NONFAULTED SYS
C
CALL LODFLO (ZBE,TRENBE W)
C xox
C % TTERATIVELY COMBINE THE PANCLS FOR AN EQUIVALENT FEEDER LOAD
C e Wk
CALL LADDER (ZBEIBENBE,ZSECTNHN(T),ISECTN(I))
C xx%
C %% PRINT THE THREE PHASE PARANMETERS FOR THF PANEL LOAD
C 2k

WRITE (6,4000) 1
4000 FORMAT (*)¢,T43 4 'FEEDER LCAD PARAMET FRS = THREE PHASE - FEEDER LDA

10 vy 13)
CALL PRINT {TSECTNIL{I) ZSECTR{T))
10 CONTINUE
C sk
C &%
C #% TIYERATIVELY COMBINE THE FEEDER (LOADS FOR A SINGLE INPUT TO THE
C *% MAIN MINE TRANSFLORHMER
C ek
CALL LADDER (ZSECTN,ISECTYNyNSECTN¢ZMINE, IMINE)
NDCJ = O
C X .
C *% PERFORM THE CALCULATIONS THROUGH THE MAIN MINE TRANSFORMER
C &%
CALL XFMR {(ZMINEGIMINE W NSECTN,NDCIsRPWR, IDCy ZLPHS,y TL1PRS)
C ek
C ®%  PRINT THE MAIN MINE IMNPUT PARAMETERS
G %

WRITE (652000)
2000 FORMAT (*1'4748, *MINE INPUT PARAMETYERS — THREE PHASEY')
CALL PRINYT (ILPHS,Z1PHS)
IF(IFLG) ENDFILE 90
REWIND 90
GO TO 690
C ):c'*
C %% THIS PART 0OF THE PRCGRAM DOES THE FAULT CALCULATIONS
C % TEST THE TYPE NUMBER TO SEE If IT IS VALID
C sex
511 TF(ITYPE.LE. Ca ORI TYPE.GToAY) GO TC 512
PRINT 504 '
GO TO (601:602:603:604) ,ITYPE
601 PRINT 8061

Sk )

C % PRINT THE TYPE CF FAULT

C o '

801 FORMAT( S+ ¢,25X, C{CNE LINE TC GROUNCHY)
GO TO 900

602 PRINT RO2 .
802 FORMAT(F+ 225X, tTHWE LIKNES TC GROUKNDY)
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GU TO 900
603  PRINT 803 ,
803  FORMAT( '+ ',25X,'LINE TO LINE FAULY®)
GO TO 9Ce
604  PRINT 204
804  FORMAT( *4+¢,25X, ' THREE LINES TO GROUNC!')

C e i
C »% CALL EFALCAL TO CALCULATE THE NONFAULTED PARAMETERS
C A e

9COo FTELTITYPELNE. 4) CALL EALCAL(E48B0)

C Ne sk

C %% ACCORDING TO THE TYPE NUFMBER CALL THE SOLUTION ROUTINE
C e

TF{ITYPE.ER.1) CALL MXLGCI

IF(TTYYPE.EQ.2) CALL wXLCD2

JF(ITYPELER.3)Y CALL MXLCD3

IFCTTYPEEQe4) CALL FXLCD4A
480 GO TO 690

701 syop
512 PRINT 505
sSTOP

499  FORMAT(T3AL:T79,211)
500 FORMAT(///+' NAME CF LSER = 1,20A),5Xs* DATE = *,8A1)
501 FORMAT( UL ¢y Va4, ook MINE FLECTRICAL SYSTEM STMULATOR ook t, /
-9t 4, T4G, Boriox LOAD FLOW CALCULAT ICNS ookt )
502 FORMLTY(/ /7Y ¢+T2AL1)
503 FORMAT( /¢ NO FAULLT CALCULATICNS SPECIEICD, NORMAL PROGRAM FLOW!')
504 FORMAT(///s' FAULTED FANEL ——==—> WITH ')
505 FORMAY{ * ERRQOR —===> TNVALID FAULT TYPE ANUMBER')
END .
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SUBROUTINE LODFLO (ZBETBENBE W)

C e deafe o s ok st e el ok ok ol ofe s ooy ol Re o e e e vl sl i ajeoc ik el e sl e 3 e 3 O el e o e ale ST Fe e i v ol e X o o ik
C Wk BLBT
C A : SUBRCUT INE LCDFLC Ao
C *» oK %%
C Aok PANEL LCAD FLOW CALCULATICNS X 3l
C LR ' %< %
C sl ol o o Sle sl sk ol sl ¥ Wi st sl ol sl v ol i ol sl ot ol s el o SR s ol vkl vl ofe e ol e o a'e ool sl O e e g s 9 e Wi o afofe o o ol o vl s ol il ot
REAL WiTHETALCX2 s ACVL s ACPL 3 Lo TYPES RTLXTLyIDC(10): BCT CCVDCP
-DCC,LNER
COMPLEX ZBE(LO) yTIBELLOY ¢ ZPWR(LO )Y 4 IPWR{IO) s RPWR(10), IPy 2L 1y
~YPWR
COMMDON /LODOCY/ YPHR,TIPyNACY
COMMON /LODO0OS/ IDEV,IFLG
LOGICAL TFLG
CINTEGER NBEGNAC U NDC I e Kyl
C &=
C ek READ RNUMBER OF PANELS
C e M

READ (IDEV1C00} NBE
IF(IFLG) WRITE (9041000} NBE
1000 FORMAT {(10X,110)

C k%
C %% DO LOOP FOR CALCULATICN CF AC CORVERSICON { 1 TO NBE )
C N
DO 100 I = 1sNBE
IPWRIIY = (0.0:0.0)
C %%
C »x CALL ACLODS TO GET THE PARALLEL LCADS FCR THIS CORMECT ION
C %% IF NONE ON THI'S CONNECTICN THEN GO TO 211 ON RETURN
C =%
CALL ACLODS{ 8211 ,+0)
C %%
C %% CALCULATE ZPWR AND I1PWR FOR THAT ENTRY
C nesde
ZPHWRII} = 1.0/YPWR
IPWR(T} = 1P
C sk M
C »% READ TRANSMISSION LINE TC AC EUS BAR
C k%
READ (IDEV:4000) L,TYPEJRTLXTL
TFOTFLG) WRITE [9044000) L4TYPELRTLXTL
C k%
C X% IS TRANSMISSION LINE CCMFCNENT SELECTICN REQUIRED ?
C %% IF YES THEN CALL FIKNDTL
C %% IF NO THEN CALCULATE ZIPWR
C ok
IF{RTL.NE, O, O AND. XTL.NELO D) GO TO 21
CALL FINDTLLLyTYPERTL,XTL) :
21 ZPvR (1) = ZPWRIT) # CHMPLX{LXRTL,L¥XTL)
C sk

C % READ NUMBER OF DC LCACS CN THIS CCNNECYION

C mor
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211 READ (IDEV,2000) KNDCJ
TFCIFLGY WRITE (90,2000} NDCJ
Ioctr)y = 0.0
IFINDCJ.EQ.0) GO TO 24

C %X
C % SET INITIAL CONDIVYICNS
C ik
DCI=0.0
DCC=0.0
C %%
C *% DO LOCP TO CCNVERYT EACH PARALLEL DC CONNECT ICN
C R/
DO 300 K=14NDCJ
C
C % READ DC POWER PARAMETERS
C #oke
READ (5,5000) DCV,DCP
DCI = DCI + DCP/DCV
DCR = DCP/A(DCI=¥2.0)
C *x :
C %% READ DC EQUIPMENT LINE PARAMETERS
C %
READ (IDEV,4000) L¢TYPERDC,RXC
TF{IFLG) WRITE {(90,:4000) L,TYPELRDCyRXC
C ok
C =k IS TRAMSMISSION LINE COMPCNERY REQUIRED ?
C % IF YES CALL FIKNDTL
C %% IF NO THEN PROCEED WITH CALCULATICN
¢ ks
IF(RDC.NELD. O} GC TC 22
CALL FINDTLLLL,TYPERDC,RXC)
22 DCC = DCC + 1.0/{DCR + L*RDC)
C %
C %% (00P ENDS CALCULATE IDC
C ek

300 CONTINUE
IDC(I} = DCI

RPWR{TI) = 1, 06/DCC
C s
C % READ TRANSMISSION LINE TC DC BUS BAR
C ek '
READ (IDEV,4000}) LsTYPERDC,4RXC
IFLIFLGY WRITE [90;4000) LeTYPESRDC,RXC
C %k ’
C »% IS TRANSMISSION LINE CCMPCNENT SELECTICN RECUIRED ?
C % IF NO THEN CALCULATE RPWR INMMEDIATELY
C e
TF(RDC.NE.0.0)1G0 TO 23
CALL FINDTL(Ls TYPE,RNDC,RXC)
23 RPWRIT)} = RPWRI(I) + L*RDC :
24 CALL XFMR (ZPWRIT) ¢IPRRITIY jWoNACI RDCJSsRPWR (1), IOC{L ), ZBE(T),

TIBE(T))
READ (IDEV,4000) L TYPESRTL,XTL




o e
3%
A
ok

OO0

25

C ok
C a0 ok
C %

6000

2000
4000
5000
100

356
ITF(IFLG)Y WRITE (90:4000) LyTYPE«RTLXTL

IS TRANSHISSICN LIANE CCHMPONENT RECUIRED
IF YES CALL FIRDTL

TF(RTLNE.Os Do AND XTLeNELO Q) GO TO 25
CALL FIRNDTLOLTYPE (RTLXTL)
ZIBE(LD) = Z8E (1) + CMPULX{L*RTL,LEXTL)

PRINY THREE PHASE PARAMETERS FOR THE PANEL LCAD

WRITE (646000} 1T

FORMAT (3 %743 *PANEL LCAD PARAMETERS — THREE PHASE - PANEL
CALL PRINTOIBE(T)ZBE(I))

FORMAT{IOX:110)

FORMAT(2(LOXF10.2)42(10X,F10.91)}

FORMAT (2(10XFL0.21)
CONTINUE

RE TURN

END

ty 13

)




OO0

@R %)
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SUBROUTINE XEMR (ZPWR,TPWR W NACJI, ADCJy RPWR, IDC, ZBUTT, IBUTT)

3l 2l ok ol S ko Ak Ot ek ste ol ok b et K sk OOk N e o sl e siele el iRl ol e i el el ekl SO % e ol e 4Ol X< Ol e
S e _
ok : SUBRRQUTINE XFMR ‘ 3
Ne e ¥ ¥
ok TRANSFFORNMER CALCULATICNS o
ok %K ol

3 A0 sk ool sl Aol akosloole vl ko e s ol e e vie Skt sk e ot sloalk sl o sk ol ol e ol e ol vl ol e e ol of e il s e AT sl vk sl sl e e el sl ol o

COMMON /L02006/7 IDLV,IFLG

LOGICAL TIFLG

REAL TDC,PCRI3Y ;RKVAL{ZY y VOLTLLI3Y sR{3),ISCAC, ISCEC, TACDC,KVARF,
LW RFWCC34CC4 AL 3 A2 ¢ RATEP RATEALC, RAYT EDC, RPVOC, PLOC, TLOC,
2VPSCDC s VPSCAC , VPACNDC , PSCACPSCDC; PACCC ¢ PCXL12: XKVALZ2, PCX235 XKVAZ3,
BPCALB s XKVALI ¢ PV PCe XAR X BC X CASsWLESRE

COMPLEX ZPWR ,IPHRyRPWR, LABs ZChy ZBCy Zhe 2By ZC, 2ZCC3 5y AZACEQ,

CR2TACEQ W IDCEN g TI Ny Ly ZE s ZINTSIPRMRY ¢ ZBUTT s IBUTT +ZEQUIV

8000
C %%
C

C %k

800C1}
26
80002

27

C sk
C kX
C e

25

3000
C sk
(‘_ ne sk
C dex

2001
Qo
C %
C o

INTEGER NDCJ PRMRY (SCADRY s TRTARY s JyWYE/ZYRWYE Y/ CLTA/YDLTAY/,
INONE/ ENONE Y/ s NACY

READ (IDEV,8000) PRVWRY;SCNORY s TRTARY ¢ MIFTH

LFUIFLG) WRITE (S0¢8000) PRMRYSCNDRY s TRT ARY ¢ METH

ME TH =X TH-2

FORUAT (10X3A%4 T2 A% T31 ¢ A4 T4y 1)

IF TRANSFORMER IS NCT WYE CR DELTA PRINT ERROR MESSAGE

IFIPRMRY.EQ. WYE OR.PRMRY.EQ.DLTYA} GC TO 25
IF(PRMRY,EQ. NONE) GC YO 26

WRTTE (6+80001)

FORMAT (1 X' XXX ERRCR — NO TRANSFURMER DATA GIVEN')
STOP :
IF(NDCJ.EQ.0) GO TO 27

WRITE (6580002)

FORMAT [ L)Xy 'XXX ERRCR ~ NO TRANSFCORMER-RECTIFIER F0OR DCY)
STae

ZBLYT = ZPWR

IBUTT = IPWR

GO Y0 1066

READ PRIMARY AND SECCKNCARY CORRECTICN CCMPONENTS
READ (IDEV,9C00) CC3,CC4

IF{IFLG) HWRITE (90,9000) CC3,CC4
FORMATI2(LOX,EL0.5))

READ FORWARD RECTIFIER RESISTANCE

READ (IDEV,2001} RFW

TFCIFLGY WRITE (S0,2001) RFW

FORMAT(LOX,F10.%)

CONVERT CORRECTICN CCMPONENTS TO IMPECANCE VALUES

JFICC3Y ©03,503,501




503
504

505

507
C 0k
C 30K
C %%
508

9001

C ok

C %
C %%
C %%

9010
C ek
C 3%k
C %%

9011

C k%
C ¥ ok
9012
C e
C i i
C e
9013

e ok
3% o
3¢
b cd
e ¥
Sk

OO0
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CX3 = =1.0/(W"CC3)
GO TO 5C4

CX3 = =0 7237TCCE+T4
IF(EC4Y SC7T,5CT505
CX4 = ~=1.0/(Ww*CC4)
GO 10 5C8

CX4 = -0,723700E+74

READ THE PRIMARY, SECUNDARY AND TERT TARY VOLTAGES
READ (IDEV:9001) RATEF,RAVEALC,RATELC

TFCTIFLG) WRITE (90:9001) RATCP,RATEAC,RATEDC
FORAAT {3(10XF10.2))

CALCULATE TURNS RATIOS

Al
A2

RATEP/RATEAC
RATEP/RATEDC

o

READ OPEN CIRCULIY TEST DATA

READ (IDEV,9010) RPVOC,PEGOC,IEDNC
TFOIFLGY WRITE {90,9010) RPVOC,PECC,TECC
FORMAT (3(10X;FLC.4))

CALCULATE TRANSFCORMER EXCITER CCMPONENTS

IF{RPVOCNEL G CY GO TC 9011

WLE = 0. 7237C0E+ 74

RE = 0.723700CE+ 714

GO T0 9012

RE = (RPVDC *x% 2,0} /PECC

WLE = 1. 0/SQRT{{(TECC/RPVOC) ¥%2.0)~(1.0/ {RE**2.,01)))

IFUMETH) 9013,9015,9015
READ TRANSFORMER SHCRT CIRCUIT CATA

PEAD (IDEV;9C10) VRSCAC,PSCAC:ISCAC
IFCIFLG) WRITE(90:9010) VPSCACPSCAC,ISCAC

IF SHORT CIRCUIT DATA IS ANCT AVATULABLE READ PERCENTS OF XVA
TYPE DATA, [F PERCENTS NCT GIVEN, ASSUME PERCENTS AND PROCEED.
UTILTZINS ONE OF THREE SETS CF DAT A, CALCULATE THREE WINDINGS
ITMPEDANCE Sa

READ (IDEV,:9010}) VPSCRC,PSCDC,ISCOC
IFCIFLG) WRITE (90,2010} VPSCDC,PSCDC,ISCDRC
READ (IDEV,s9010) VPACDC,PACDC+TACEC
IF(TFLG)Y WRITE {(90,9010) VPACDC,PACDC,1ACECC
AR = ZEQUIVIVPSCACPSCAC,ISCAC)

LCA = ZEQUIVIVPSCDC,PSCOC,ISCERC)




C %ok
C k%
G016

9200

9300

100

101

C ok
C s
102

103

C w0 X
C pxPid
9400

L g3
n sk
¥R
ok
sk
% %
XK
967

OOOOOOON

359

7BC = ZEAQUIVIVPACDC,PACDC,IACDC)
GO TO 9400

READ (IDEV,9200) (PCRUJ) L,RKVA(I) VCLTLL(J)¢d=1,3)

FTRCIFEG) WRITE (90,9200) (PCROJ)RKVA(I),VCLTLL(JYsd=1, 3)
FORMATIZ(LOXFLO.2))

READ (IDEV9300) PCALZ2 ¢{XKVALZ2 2PCX23 ,XKVA23,PCXL13: XKV AL3
IFCIFLGY WRITE (90:9300) PCXL2 XKVALZ,,PCX23 XKV A23, PCX135 XXVAL3
FORMAT (35X FH5.2+5X:F10.0))

ITF(METHY 901341024100

DO 101 J = 1.3

PCREJ) = 0.42

CONTI NUE

PCX12 = 3.0
PCX23 = 3.0
PCX13 = 3.0

CONTI NUE

KVARF = RKVA(2)

PV = VOLTLL{2)/)1.732051

PC = (KVARF*1000,0) /7(3%PV)

DO 103 J = 1,3

R{J)Y = PCREJY/LOO. OK{KVARF/RKVA(J) )*PV/PC
CONTINUE

XAB = PCXL2/1006 O%{KVARF /XKVAL2)=PV/PC
XBC = PCX23/100e 0% {KVARF/XNEVA2S3 J%PV/ PC
XCA = PCXL3/7100.0X{KVARF/XKVALI)®PV/PC
ZAB = CHMPLX{R{L) + R{2),XAB)

ZBC = CHMPLXIRIZ)I+R(2)XDC)

ZCAhA = CHPLX(R{L)I+R(3),;XCA)

LA = (ZAB + ZCA - ZBC) /2.0

I8 = (ZAB + IBC - 2C0A4}/2.0

2C = (ZCA + ZBC — ZAB} /2.0

ICC3 = CMPLX{0.0,CX3)

IFINACJ.GT. 0} GO TC 997

AZACEQ ={.T7237005E+70,.7237005E+70)
[ACEQ =(0.0,0.0)

GO TO <S8

CONVERT THE IMPEDANCES AND CURRENTS INTO THE TRANSFORMER EQUIVALEN
VALUZ S BY APPROPRLIATE USE CF TURNS RATIGS

COMBLINKE TMPEDANCES AND CURRENTS THROUGH TRANSFCRMER BY SERTES PAx:
COMBTRATIONS BEING CARFFUL TC TAKE INTO ACCOUNT YHE POSSIBLE DILT-
WYE CONNECTICN COMBTINATICONS.

AZACEQ = AL#%2./(1.0/72CC3+1.0/ZPWR)
IANCED = (IPWREIPHRHIPWR/ZCC3) /AL
IFCSCNDRY.EQ.WYE ) GC TC 998

TACEQ = TACEQHCMPLX(0540.28867513E400)
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AZACEQ = AZACEQ¥3.0
998  AZACED = AZACEQ + 2B
IF(TRTARY.EQ.DLTA) GO TC 996
WRITE (6,1001) |
1001  FORMAT (1X, XXX ERROR — CC TERTIARY IS NOT GIVEN AS DELTA CONNECTI -
10N *) |
STGP
996  IF(NPCJ.GT.0) GC TC 999
RPWR = (o 72370056+ 7C,. 7237005 E+70)
IDCEQ ={C.0;0.0)
GO TO 104
© 999 IDCEQ = (IDC/A2)XCMPLX(0.5,0.28867513F+00)
RPWR = ((RPWR + PFW)F(A2X%2.0)%3.0) + ZC
104 7 =LA+ 1.0/(1.0/RPWR+).0/AZACEQ)
ZE = 1.0/(1¢0/CHPLX{RE+0.0) 1.0/ CHPLX (0.0 3WLE))
ZINT = 1.0/(1.0/7 + 1.0/72E)
TIN = TACEQ + IDCED
TIN = TIN & (ITN%7)/ZE
IF(PRMRY.EQ. WYE )} GO TO 107
TIN = TINSCHPLX(1.5,-0.866025)
ZINT = 2INT/3.0
1C7  IPRMRY = IIN
ZBUTT 1.0/{Le0/ZINT + 1,0/CHPLX(0.03CX41)
1BUTT IPRMRY + {ZINT#IPRFRY)/CMELX (040,CX4% )
106  RETURN ‘
END

o

Wou
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SUBROUTINE ACLODS(Ok, I MODE)

% %

%k . SUBRCUTINE ACLCCES

b

£33 CALCULATE PARALLEL AC LCADS
WK

OO0

REAL ACPACV THETALACPE CCLyCC2 sCX Lo CX23 ACYV Yy ACP L Ly TYPE,RTL
*XTL
COMMON /LODOOCLY/ YPKRIP(NACU
COMMON /LOD D06/ TIDEVLIFLG
LOGICAL IFLG
P e
% ACLODS IS A TWO MORDE PRCGRAM —— TIF CALLED IN MODE O IT WILL
% CALCULATE 1 TO NACJ LCADS AKD THCIR PARAMET ERS
¥k TF CALLED IN MODE 1 THEN TT DOES THE CALCULATICNS FOR NACJ-1
¥k AND SETTING THE PARAVETCRS CORRECTLY IF NACJ = 1
% IF NACJ = O THEN IN CITHER MODE IT RETURKNS IMMEDIATELY

ok

OO0

COMPLEX IPZLL YLl ZL2,YPWR
INTEGER NBE ¢NACJsADCI K14 d
READ (IDEV,2000) NAGCJ
IF(IFLG) WRITE (90,2000) NACJ
IF(NACJ.EQ. 0} RETURN 1
3%
k% D0 LOOP FOR CONVERSICON CF ©ACH PARALLEL AC CCNNECTION
sk SET INITIAL CONDITIGNS
* 3k

OO0

1P = 0.
YPWR = {(0.040.0)
IF{TMODE.EQ:L) NACJ=NACI-L
IF{ITMUDE.EQel AND.NACJ. LT L) GO TG 50
DO 200 J = 1 NACJ
C *>%
C %% READ AC POWER PARAMETERS
C Aok
READ {5:4001) ACP,ACV.THETAGACPF
Sk
A% GET POWER FACTOR CORRECTICNAL CCMPUNENTS
R 3k '

e EeNe!

IF(ACPF) 10,11510

10 THE TA=ARCOS{ACPF)

11 CALL PFCC(CXL,CX2)
ACV1=ACNV/1.732051
ACPY = ACP/3.0
ZULY = CHMPLX((ACVLAA2 ) R {CCSITHETAY %2 )/ ACP Ly (ACV 1% 2, )% C0DS
TOTHETAYRSIN( THETAY /ACPL)
YL = 1.0/2L1 + CMPLX{0.0¢=-1.0/CX2)
ZLl = 1.0/YL1 ‘
[P = 1P + ACV1/ZLY

C sk ¥k

C ok GET TRANSHISSION LINE

e ok o e sttt o ol e ok Yool sic ook sk ot ok o sl e ol ok e e ol el e TR ol A e e ot ol e ol e Al ol ok e sl ol Sl sk e

% i

N
L |

e Y :

HOE

St ok vl d ¥ 3ol v T Yl ol s o e ol of ol X2 vl vl o oY e ok bl e e Sl ok W Yol e vl vl e w sl e e ol wie i sl ool Dl ol sl e e i i sl vl v ol Mool i ol e otz o
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C o .
READ {IDEV4000) LyTYPE,RTL XTL
TFCIFLG) WRITE (90440001 LeTYPESRTLXTL
C .
C =% IF TRANSMISSION LINE SELECYICKR REGUIRED CALL FINDTL
C %
TFIRTL.NE, 0. O ANDXTL.NE.O.O0) GO TC 20
CALL FINDTLOLSTYPCRTLXTL)
20 ZL2 = ZL) + CHMPLXCLHRIL L#XTL + CX1)
200 YPRR = YPWR + 1.0/7212
C hax
C »  END OF LOOP
C k%
RETURRN
50 YPWRR={,2E~204y.2E-20)
RETURN

2000 FORYAT(10X.110)
4000 FORMAT(2{10XF10.2),2(L0X,F10.9))
4001 FORMAT{4(LOXF10.2))

CEND




OO0

C KoK
C %k

C ook

4000

C ok
C %
C N
10

C B

C &%
C %*x

100
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SUBROUTINE LADDER (ZBELIBEZNBE, ZSECTN, ISCECTN)

e ool ok g KTk sk N e ool ke 0 sk sl ok e ol sl sl o o v o ol Xl ool vl v Xe s oy i oy el ot e el ol oo Ve e X de skl ez e ol e s et e e

j7EA *e ¢
% : SUBROQUT INE LADDBER ek
s ok e
RS ITLTERATIVE CCHMBINATICN OF SERIES — PARALLEL LOADS X e
ok ' ‘ %%
¥ 3e D e ol ¥e e e Al Y Aol sl X e sl e o s s o o sl st ol vl el sl e ade aeole die e sl e e ofe e el sl s o v ol e Mook St sl e ek ok sk

COMMON /1ODOCO6/ IDEVIFLG

COMPLEX Z30(10) +IBE{LO) yZSECTNSISECTN
REAL RTLXTLL,TYPE

INTEGER NRE LI

LOGICAL TFLG

DO 100 I = 1 4NBE

READ TRANSMISSION LINE IN SFRIES WITH LOAD
READ (IDEV;4000) LiTYPERTL«XTL

IFCIFLGY WRITE {90,40001 LyTYPEGRTLXTL
FORMATIZ2(LO0XF10.2),2{10XF109 1)}
TEARTLoNE, 0 O ANDXTLNELOO) GG TC 10
CALL FINDTL (LyTYPERTLXTL)

COMBINE TRANSMISSICN LINE AND SERIES LOAD

20T = ZBE(L) + CHMPLX (L*RTL,L¥XTL)
IF{T.EQ.NBE)Y GO YO 100

NGw COMBINT PARALLEL LCADS

)

(ZBE(T+ 1) #Z28CE(1 1)/ (ZBEXTY + ZRE{I+1))
(IBE{I) + IBE(I+1))

IRE(CI+ 1)
IBELT+ 1)
CONTINUE
LZSECTN = Z08F (NBE)
ISECTN = IBE{NBE)
RETURN

END

i
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SUBROUTINE FINDTL (L, TYPE+RTL,XTL)

sl ol dc R she ool e vk el AR ok A e ok sl e sl dle sl e s s sl T ek e i sl e e e sl sl ot e vl X SOl st e e g Xl i e BeOMOR v ko sk v g

N sl ¥ K
e e : SUBRCUT INF FINDTL ‘ ' " i
N sl¢ ¥ ae
v 3 FIND TRANSMISSICN LINE UNIT RESISTANCE & UNIT REACTANCE
e ok 7 e

N okoole Sl e o ok o sle vz el sl e ve st il e sl e ol e sl ot ol ol ol o sle al ot sl sl e sk v ot sk sl ol Y sl ook ):r: sl e ¥z ol Yook ol Y e ol e Vel 3. sy o
REAL LeTYPE RTLXTL
REAL REACT(30) /0050000488 3.00004545.00004214 .0000392¢.00003706,
1 .C000363,.0000353,.0000341,:.00003%31,.0000333, .0000324, .0000318,
2 «C000314,.0CCO%0T+15%D,0/
REAL RES(30) /0,04:.0006785.0005414.000239,; .000216; 000173y
1 «00013%,.0001114.0000891,.0000713,.0000610¢.0000513; .0000443,
2 .000036G65,.0000323415%0.0/

CHECK TYPE AGAINST MAXIMUM AND MINIMUM TF ERRCOR THEN TYPE 1
1S ASSIGNED

I=ABS{TYPE) . '

TF(TI.GTo0.ANDI«LE.30) GC TO &

I=1

WRITE(G63100) LsTYPESRTLXTLI
O FORMAT({ ROt ook FINDTL ovomse TNCORRECT TYPEC/

1V D201 C0XF10.2) o2 (10XFLOT) o< tel2,% ASSUMEDY)
5 Rl = RES(I}

XTL= REACT(T}

KETURN

END
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SUBROUTINE PFCC (CX1,CX2)

e ol st ol sl sl ot sl ol s e O e el i ol s ol ol Sl st X sl el o sttt ool ol e e ek ok e e o i d e Mot ok MK o A oo
e el /3
% SUBROUTINE pPFCC CALCULATE POWER FACYCR CORRECTIONS L
A 0k

e ke RO il bl v sie i Nede Yl sle ol sl s oo ol ol ol o sl o o a0l sl e oot e ale Ko sl i vl e sl s e s sl sl s ol ke ool ol ¥ ool ol o s ol ok s
COMMON /LONO0O02/ W

COMMON /LGDCCO/ TDEVIFLG

LOGICAL IFLG

READ (IDEV,20L) CCY1 (LLC2CX1 CX2

[IFCIFLG) WRITE {9C,201) CC1,CC2:CX1,CX2

THIS ROUTINE READS IN THE PCWER FACTCR CCRRECTICN
COMPONENTS

IF(CCL) 13,1312
IF CCL EXISTS THEN CALCULATE CX1, CYFERWISE SET CX1 TO ZERD

CXl==1:0/(W*CCL)
TE(CXL) 15,1414
CX1=0.0

IF(CC2) 17,175,106

IF CC2 EXISYS THEN CALCULATE CXZ2, CTHERWISE SET CX2 TO INFINITY

CX2==1,0/{W*xCC2)

IF(CX21 19+18,18
CX2==.T2370C5E+T6

RETUKHK
FORMATI2{10XE10,5):2(10X;F10.2))
END
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COMPLEX FUNCTION ZEQUIV (VPSC+PSCs1ISCI

¥ ool e weste sl dloslosl ool o sl o ool sk ¥olool i sl vl o kool ol v e el sl o el il e v vl ol ol £ ol e Wl ok X ook e e

ek PR
s : COVMPLEX FUNCTICN ZEGQUIV ok
PUBYS Yo
ek SHORT-CIRCUIT DAY A CALCULATION e
%k R

Nk vz of ksl ook sl s ot b sl Sl o ot v ol ol e sl s ol sl o o e s ol Sl ol vl 2% 0l s ol sl e ai g ol sl vt e vl ol sl o ol ik ai e ke o ol vl e ol ot sl e ol o
REAL VPSCPSC,1SC
IF(VPSC.GT. C. COOO0LY GO TO 10

REQ = 0.0

WLED = 0.0

GO 70 20

REQ = {(PSC/(TSCHX2,01)

HLEQ = SQRTO(YPSC/ISC)Y#42, ~REQa X2, )
LEQUIV = CMPLX{REQ:s WLEQ)

RE TURN

END
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SUBROUTINE PRINT(ILIPHS:Z)LPHS)

e Rt xesle etz o il slotolol sk e ol d sl s sl B Aol e skl slosleale e s e ol dje o sl R s e el e e e el e eieofe ol o x ey
3k e ve
o SUBRCUT INE PRINT Kok
e ok 5 %
o CALCULATE THREE PHASE PARANMETERS & PRINT Aok
PR 4 I8 73

R I o A S A R R G
COFPLEX TIPHSyZIPHS VI PHSLIST (4) 4 73PHS

REAL VMAGPF (CHAG I MAGPPAG ANGL (&)

VIPHS = T1PHS%ZIPHS

CALCULATE POKER FACTOR

PF = COSUTATANTATMAGLZIPHS) /REAL{ZLPHS)))

CONVERT SINGLE PHASE VALUES TO THREE PHASE VALUES

LISTOL)Y =11PHS

LIST(2)=VIPHS » [1.5,0.86602)

LIST(4) =3, 0%Z1LPHS

LIST(3) = 3, O*CMPLIX{TCABSITLIPHS }k2 0V % REAL(ZLIPHS )y {CARBSLTLIPHS )2
~e O)HATMAG(Z)L PHS))

LIST{3)=LIST{3) /1000,

CALCULATE THE PARAFETERS FCR PRINTING
CHMAG=CABSILT ST(1))
VMAG=CAB S{LI ST(2))
PMAG=CABSILI ST(3})
IMAG=CAB SILT ST(41})
CONVERY ANGLES TC PROPER QUADRANT

CNST=1806 /2, 1415

DO 5 1=1¢4 :
ANGLET ) =ATANIATMAGILT STII}) /7 REAL(LIST (L)) PRCNST
IF(REALILIST(IN)GE.O. AND. ATMAGILIST{I)}).GE.O.) GO TO 5
TF(REAL(LIST(IN)cGEOe c AND ATMAGILIST{I)} LT 0) ANGLLI)=ANGL(T)+3

~-60,
IF(REALCLIST(IN).LT.0.)
CONTINUE

PRINT 3000,LIST(2) + VMAGoANGL({2) 4 LIST (L) CMAGy ANGL {1} LIST(4)4IVAG,
SARGL(4) s LIST{3) ,PHAG,ANGL(3) ,PF

FORMAT( Oty T24,'PEALY,OX ;P REACTIVE'6X " MAGNITUDE s TXy YANGLE /50
LVOUTAGE (VOLTS) " 2Xy3LTL03 45X} 12X F6e24/ ¢ 'OCURRENT (AMPS) Fy 2%, 31
IF100345X) s2XaF6e23 /3 PO MPERANCE (CHEFS) Yy 3(F10.3,5X)s 2% FOGa29 /4107
1O0WER (KVAY 135X 53(FL0.345X) 32X F6.2/y'OPCWER FACTORYy 5Xy 3{F10.345
1X1)) :
RETURN
END

ANGL{TIY=ANGL(T}+180«
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SUBROUTINE EALCAL(¥)

C A X vl e ¥ X o o e s 3l de e ook ety oiole e ik 38 sl sfe sl el Sl e dfe S sl o Dz X 0 Bl il o e e ik Bkl Ot KONk Y sk e e o
C x Ve skt
C % : SUBRCUTINE EAILCAL ko
C ¥ e ¥ g
C Ak CALCULATE THE NON-FAULTED SYSTEM s
C sk V¢ Nk
C o % PARAMETE RS NEEDEL FOR FAULT CALCULATIONS % %
C ol bV
C P YN N e e e v e e e ol Sl e S ool sl dheshe A Bl e ol Yo sl ke slosie sl sl o v sl st ale o s sl ol vl vl ol dle R 2l st v ol ol 3ol Y T e sl ol ol el sk e

COMMON /LODGOL/ YPWR,,IPNACJ

COMMON /L CDCC4/ 1POS

COMMON Z1L0D005/ INACJ ¢ZL2 +ZLY1 sEAL LT

COMPLEX YPWRyYNACI s ZINACI s TP+ ZUINEZEAL:ZLLs7L2: IPNACS ZTOT 2T

REAL Ly TYPE [ RTL vXTL ¢ ACP + hCV yTHET A I3 ACPF
C ok
C % CALL ACLODS FOR NACJ - 1 PARALLEL LOACLS
C b33

CALL ACLODS(E620041)

READ (5440017 ACPACV,THETAACPF
C ek
C %% CALCULATE THETA ANRND GET POWER FACTOR CORPECT ICHAL COMPONENTS
C %

IFLACPF) 10511410
10 THE TA=ARCOS{ACPF)
11 CAatL PRCC{CX1,CX2)

ACV=ACV/1.732C51

ACP=ACP/3.0

INAC J=CHPLX{ (AC V! A2, J (COCSETHETAY #%24 )/ ACP ¢ LACV R 2 Y ECOSLTHETAY=ST

~N{THE TA) /ACP)

YNACS=L1e O/ZNACI+CHMPLX{0.0,-1.0/CX2)

IMACU=1.0/YNACJ

TPNAC J=AC V/ZNAC U
C ek
C %% GET TRANSMISSICN LINE
C ks

READ 4000,Ls TYPERTLXTL
TFIRTLaNF . 0 O AND, XTLNEQL.0) GO TO 20
: CALL FINDTLLLsTYPELRTL,,XTL)
20 ZUINE=CHMPUX{L¥RTL, L*XTL)

Z1L2=2ZLINE
C x¥
C %% SET UP ZL2 TO REFLECT POSITICN OF FAULY
C 3% ok
IF{IPNS.GT.0) GO TO 35
ZLINE=CMPLX{ 0. 0.CX1)
GO T0 25
35 IFCIPODS.EQ.9) TPOS=IPCS+1

RULEN=FLOAT(I PGS} /10.

ZLINE =RULERN*ZLINE
2L2=7212-ZLINE
ZLUITNE=ZLINE+CMPLX{0.0,CX1}
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C % ADD THE FAULTED CCHMPONENT OF ZL2 YO THE LCAD IN SERTES

C ek

25 INAC J=LLT NE+ZRACY
ZTOT=1.0/0YPWR+L.O/(ZRNACISZL2Y))

C skt

C %% GET ZL1I TRANSHMISSICN LINE

C e

READ 4CCOsLy TYPEZRTLSXTL
IF(RTL .00 O ANDXTLLNELD.OY GO TO 30
CALL TIRNDTLLL, TYPEGRTL,,XTL)

30 ZTOT=ZTOT+CHMPLYXILHRTL,LEXTL)

' ZLLI=CHPLXLLRT L LXTL)

C ok

£ %% READ TRANSFORMER DATA

C %
READ 4CCC+VLLsVA
ZT=0{vLL VL) /VAYXCMPLX (.01 4. 1)
ZUY=710+27
IP=IP+IPNACY
ZT0T=Z2Y0T7+2L7

C %k

C =% CALCULATE EAL

C od

EAL=1P%2TOT
RETURN

200 PRINT 425

425 FORMAT( Y ERROR ——=-=> A0 LOADS SPFECIFIED FOR FAULT ¢)
RETURN 1

4000 FORMAT(2{10XF10.2)+2(10%X,F10.9)}

4001 FORMAT(4(LOX F10.20)
END
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DIMENMSION A(NK) s1S(8)
COMPLEX ApT

IS0L=1

Nl=#+1

INTTIALTZE THE ARRAY $IS* WHICH RECCRDS THE PIVOTING ROWS
DO 10 K=14N
[S{K)=K

THE VALUE OF K STANDS FCR THE CURRENT VARTABLE THAT IS BEING
ELIMINATED

DD 1 K:l 9N

K1l=K+1

B1G6=0.0

FIND THE CLEFMENY LARGEST IN MAGNITUDE IN THE K'TH COLUMN
RIG WILL HAVE THIS VALUE WHEN THE LOCP EXITS ‘
DO 2 J=KsN

1Sd=1S80J)

TEMP=CABRSIA{T S, K))

IF(TEMPLLE.BIG) GO YO 2

BRANCHES TO HERE IF A NEW ELEMENT 1S FCUND
BIG=TEMP

KBIG=J

CONTINUE

IF ALL THE CLEMENTS IN THE K'YTH COLUMN ARE ZEROQ GO TO 20
IF(BIG.EQ.0) GO TO 20

STORE THE ROW NUMBER THAT WILL BE USED TO ELIMINATE THE K'TH
VARIABLE == TSK HAS THE VALUE OF THE RCW NUMBER IN WHICH THE
FLEMENT LARGEST IN MAGNITUDE IS FGUND

I SK=] S{KBIG) )

IS(KRTGY=TS{K)

TSIK)=T5K

T=h(1 SK;K) :

NOV DIVIDE THE PIVCT RCW BY THE PIVCT ELEMENT

DO 3 J=K1, N1 '

AT SK Y =A(TSKy ) /T

ELIMINATE THE VARIABLFE X{K) FROM EVERY ROW EXCEPT THE PIVOT R3O

DO 4 1=) 4N

e
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IF(TEQ.TISKY GO TO &
T=A{ T 4K)

D5 J=K1 ¢ NL

AT s JY=A0T o J)~THRACT SK J)
COMTY RUE

CONTI NUE

START REARRANGI NG THE SCLUTICN IN THE N+1 ¢ TH COLU“N
NM =t ]
DO 6 K=1¢NM]

THE VARTABLE X({K) IS PLACED IN THE PCSITICN A(K,N+1)
[SK=1S{K)

T=A (K ,NL)

ACK,H1)=ALT SK,NL)

ACTSK NLY =T

UPDATE 'IS* VECTOR TO RECORED THE INKTERCHANGE OF ROUWS
DO 7 J=K4N

TFIKEQ.TIS(JY) GO TC 8

CONTI NUE

IS{3Y=1S5(K}

CONTI NUE

AFTER LOOP TS DONE NORMAL RETURN
RETU=N

CRROR MATRI X TS NOT SCLVABLE
[SGL=0

RETURN

END
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COMMON /LODOOY/ YPWRITP{ANACY
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COMMON /LODCCS Y/ ZNACA 2012 ¢7L1 EAL 42T
COMPLE Y YPWR ¢IPZNACY y2L2 ¢7L1sFEAY s ARRAY (5,6Y¢2CsZELy ZE2,
1 IA].A) [;‘\07[/\? rA;/A\Z 1‘7PS5~F'\59PZSQEA$EB$ EC

COVMPLEX LIST(7) 2T
REAL TALIBICIF
REAL ANSLLT)

READ 7THE GROUND RESISTER

READ 19000426
PRINT 1CC3,1G
ZE1=1. /7YPHR
LEZ2=,2%2E]

CLEAR OUT THE ARRAY

DO 1 I=14%
DO 1 J=1,:6
ARRAY(T ¢J} ={0.0,0,0)

LOAD THE MATRIX

ARRAY(L +1)=~1a%211
ARRAY(1:2)=ARRAY(1,1)
ARRAY({143)=—1.%2L2
ARRAY(1s4) =ARRAY(1,3)}
ARPAY(1,5)=3%(ZL1+Z2L2+2G)
ARRAY{ L 6)=—1e*EAL
ARRAY(?2,1)=ZL1+2E1
ARRAY(2¢3)=—1e%E1L
ARRAY(2:5) =ARRAY {1 1)
ARRAY(2:6)=EAL

ARRAY(2,1) =ARRAY(2:3)
ARPAY(3:3) =2NAC J+ 212+ 7E1L
ARRAY(3:5)=ARKAY (] ,3)
ARRAY(4,2)=2L1L+2E2
ARRAY( 4 ¢%) == %LE2
ARRAY{455)=ARRAY{2,5)
ARRAY(G552) SARRAY (4 44)
ARRAY(544)=2E2+ 72124 2%INMCY
ARRAY{55s5) =ARRAY (3,5}

CALL THE MATRIX SCLUTTCKN RCUTINE

L3 €3 VAD A3 Y
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F1=5
12=6
CALL GAUSSIARRAY,T1 ,12,1S0L)
DID WE GET A SOLULTICN ?
IF(I1SOL.EQ.0) GO TC 30

IF SO THEN CALCULATE THE LINE CURRENYS ANC THE LINE TO LINE
VOLTAGES

TAL=ARRAY(L y6)—ARRAY (D ,6)
JAZ=ARRAY( 2 6) —ARRAY{S ;6]
TAC=~1.%¥ARRAY(5,6)
A=CHPLYL=e 5 SCRT(3.1/24)
A2=CHPLX{~e 5 s~1e *SQRT(3:)/2.)
LISTO4)=TAL+T1A241A0
LISTOS)=TAQHA2®Y AL+ AnY A2
LISTO6)=TA0FAZ2ST A2+ AR] AL
TA=CABS(LT ST (%))
IB=CABS{LT ST(5))
IC=CABSCLIST(6Y)
LISTOT7) ==3 %ARRAY (S 6)
PPS=EAY-{TIAL=ZT)
PHMS==1.%[TA2%ZT)
PZS==-1e(LAONKIT)

EA=PP SEPNS+P LS
EB=PZSEAZXPP SHARPNS
FC=PL S+ AXRPPS+HAZRPNS
LIST(L)=EC-ED
LIST(2)=EA-EC
LISTI31=EB8-EA
FAS=CABSILIST(L))
EB4=CABSILISTIL2))
ECs=CABSLLIST(3))
TE=CABSILIST(T))
CNST=180./3.1415

CONVERT ANGLES TO PROPER QUALRANTY

DO 7 1=147

ANGLIT) =ATANCATMAGILISTUINI/REAL{LISTIIY)
IFIRFALILIST(INYoOGE Qs ANDCATMAGILISTIT))
TF(REALILISTII)N ) e GEeQo o ANDATMAGILISTLI))
- 60,

TF(REALILIST{IN)aLTe0oY ANGL{I)=ANGL(I}%180.
CONTINUE

% CNST
CE.0.) GO TQ 7
LTo0o) ANGL{IdI=ANGL{T)+3

)

©

PRINT INFORMATICN OGN FAULT

PRINT 2C00
PRINT 3000,LTSTLL) yCATSARNGLILY s LTST(2) e ERSy ANGL{2), L IST(R), ECH, ANK
~LO2) LT STA) s TAGANGLIA)Y sLISTUS) 1B ANGLIS) o LIST (O)y TGy ANCL LG ),




2C00

3000

30
2001

1000
1003

- LIST(7) 41F

INTS )

FORMATORO' , T1O9 s YREALT,OX 3 'REACY IVEY 30X, ' MAGNTITUDE  TXy *ANGLE' s/, 07

fANGLT)
FORMATL// /77717

e o s KT < S o S i RS

s e K s S

IVOLTAGES (VOLTS) 5/, '0%s "

1.'¢t C YO A

1X1F()02!/1'0Q9‘IB

lF()a 2)
RETURN
PRIMT 20601

FORMAT(' NO SOLUTICN IN GAUSS ELIMINAT ICHh,

1 ZERO )

'$ 154, 'FAULTED PANECL

BTO C

=X 3 (FL0e3 45X 42X 624/ s'0%,E
Le345X) 42X F 6,25 /5 0% "CURRENT

FORMAT(2(LOX,F10.2}))

FORMAT(//, !
RETURN
END

FAULT IMPEDANCE

(AMPS ) /00 01A =t

TyF10.2:2X4+F10. 24!
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AT
v 8

¥

/
e 3

Jv)

(F10

2
¢ ¥

PARAMETERS 4/ ¢ V4V, TH4y 0
Yy/4 0%, LINE TO LINE VOLYAGES AND L INE Curo:

2t X 3R L0 3¢ DX 2Xs FOL 2y /4 V058
0 B :‘QLXy:’S(Flh

EX T

=V 3R G3(F10e340X ) 42X F62s/ ¢ 0V IC =4 8Xs 3(FV0, 0
LsBXY 42X5F 62 /3 "0 e *FAULT CURRENT '/ 0, Y T1F =t 8X, 3(F10.3y5X)¢27,

CNE OR MORE COLUWNS ALY
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COMMON/LODOOL/ YPWR TP NAC
COMMON/LODOOS/ ZNACJ,2L2 4201 EALSZT

CCMPLE X ARRAY(6 +T7) ¢ YPWRGIP¢ZNACIYy2ZL2,20 1, EALy 2Gy ZE)y ZE2; TALy TAO, 12

— Oy A A24PPS,PNS PZS,EAGEBEC,LIST(T) 4 2F, 2T
REAL ANGL(T)
REAL TA+IBIC,IF
ZE1=1.0/YPiR
20 2=, 2%2F 1

READ THE FAULT RESISTANCE AND THE GRCUNC RESISTOR

READ 1000446 +2F
PRINTY 1003¢ZG¢ZF
=11 /2.

CLEAR OUT THE ARRAY

b 1 I=1,06
DO 1 J=1,7
AREAY{T4J)=(0.0,0.01

LOAD THE MATRIX

ARRAY(1,1)=ZL1+2E1

ARRAY (143} =-1,%ZE]
ARRAY{1,7)=EAl
ARRAY(2:1)=-1.%.E]
ARRAY(243)=21L2+ZNACJ+ZE]L
ARRAY{2,5) =—1.%ZNACJ
ARRAY(342)==-1e%ZL1
ARPAY(3,3)==1e%¥ZNACJ
ARRAY(34364) =—1, %112
ARRAY(3,5)=2.%IF+ 712+ 2LL+2ZNACJ
ARRAY(3,6)=~1,%F
ARRAY(4,2)=211+2E2
ARRAY{ A 44) =—1a%1E2
ARPAY(445)=—1%20L1
ARRAY(5,2) =—1.%LE2
ARRAY(54,4) =212+, 2%INAC I+ ZE2
ARRAY(S545)=—1e%*Z12
ARRAY(5,6)=— 2% INACJ
ARRAY( 644) == 2%INACY
ARRAY([ 645) =—1a %1F

ARRAY( Eyh) =2 % IF+3, %7GHII2+ 211+ 2% INACY
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CALL THE MATRIX SOLUTICN RQUTINE

{1t

!

1=¢€
2=1
ALL

1
1 :
C GAUSSIARRAY (T14124ISCLY)

DID WE GEYT A SOLUTICN ?
TF(1SOL.EQ.0) GO TO 30

IF SO THEN CALCULATE THE LINE CURRENTS- ANC THE LINE TO LINE
VOLTAGE S

A=CMPLY(=.5;SQRT{2.)/2.)
A2=CMPLX(—=05,—1%SQRT(3.)/2.)
IAL1=ARRAY(1,7)
TA2=ARRAY{2 s 1) ~ARRAY (5 47)
TAC=ARRAY{ 6T % (~1.)
LISTY(4)=1A1+TA2+1A0
LIST(S)=1A0+A2%] AL+ AX] A2
LISTO6)=TA0FA23 A2+ A%T AL
IA=CABSILIST(4))
IB=CABS{LIST(5))
IC=CABSILIST(6))
LISTUTY=3, XARRAY(6,T)
[F=CABS{LYIST(T))
PPS=FAL-{TAL*ZT)
PNS==1.%(1A2%ZT)
PZS==1.%{TAOQ%ZT)

FA=PP S+PNS+PZS
ER=PZS+A2%PP S+ ANPNS
EC=P7 S+AXDPPS+A2%PNS
LIST(L)=EC-EB
LIST(2)=EA-EC
LIST{2)=EB-FA
FA$=CABS{LIST(1)}
EB$=CABSILIST(2))
EC$=CABS(LIST(3))
CNST=18C. /3. 1415

PUT ANGLES IN PROPER GUACRANTS

DO 7T I=1,17 :

ANGLIT)Y=ATANCATMAGILISTL(IN)/7REALCLIST (L)) ¥=CNST

TF(REALILISTIT)) eGEeDe c ANDATMAGILISY (1)) «GELO.) GO TO 7

TF(REALILISTII)} ) eGEaQo  ANDJAIMAGILISTII)) ol Ta0o) ANGL(T)=ANGL{T)+2
"600 .

TF(REALILISTII))LT.0.) ANGL(I)=ANGL{])+180.
CONTINUE :

PRINT THE FAULT INFORMATICN

PRINT 2C00
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PRINT 3000, LIST{L) FAS,ANGL (L) LIST(2) 4 EBGe ANGL (2)4LISTI3), FCH,y ANG
“L03) LTSTO4) yTAGANGUIA) yLIST(5) ¢ IByANGLIS), LISTHLO), ICy ANGLIG ),
= LISY(?) ¢IF fANGL(T)

2000 FORMAY(// /71777 *5T56, "EAULTED PARNEL PARAMETERS' o/ ¢t 44y TS4 1 __
| ©3/4'0tyt LINE TC LINE VOLYAGES AND L INE CURRE
INTS )

3000 FORMAT('OtyT1O,y *REAL 49X ¢ 'REACTIVE! {6X 4 P MAGNTITUCE S TXy YANGLE', /4 ' 0
LVOLTAGTS (VOLTS) '4/5 0%, 6 B TO C =1, 1Xs3(F10:3,5X)42% F6.2,/, 10"
1o tE C 10 A =40 Xs3(F10025X)42XeF6.2¢/4'0'y'E A TO B =', 1% 3(F17
1-375)”/ 92)(9F().21/v ‘O'Q'CUR‘\’ENT (/\MPS)',/?'OIA 2'1 8)(1 3([‘10.,3. SX)QP
IXeF 6u25/7¢ 08 IR =138X,3(110.3,5X)+2X3F6.2:/4%08,tIC =148X,3(FL10.%
Ly EX) s 2XF 6,24/ 0%, PFAULT CURRENT ¢4/ s t0 4 Y IF =44 8%, 3{F10. 3, 5X), 2%,

1F 6. 2)
RETURN
30 PRINT 125

35, FORMAT( " NO SOLUTICN IN GAUSS ELIMINAT ICNy ONE OR MORE COLUMNS ARE
- ALL ZERD%) '
1000 FORMATIA(1IDX,:F10.2))
1002 FORMATL//% FAULT INMPEDARNCE (LINE TO GRND)Y = 'y F1l0.2¢2% F1l0.2,"
1 JPsSXy PFAULT THPEDANCE (LINE TC LINE) = $,F10e2:2% FLCa2y' % J¥)
RETURN ‘
END
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SUBROUTINE MXLOD3

e st leofe o ok e of oot ofe sh ok gk ol ol e ok o sk al ot Sk st ot o e e e e o e el o e e o e ook o o e 3ol e Aok o M B A MK e e ok %
P 3 Az 2t
%ok . SUBRGUTINE MXLCD3 ’ %
P /4 % e
Rk CALCULATICN CF LINE TO LINE FAULT 2k

ok Yo %
Ve 3 e ot e sk sl e ot Sl Sk e ol ol s sl ol ol ol e i ool o e el ofe sl i el e e s Ve e ol e o e e we ok sl ok e VEOw ok s e
COMMON /7L0D00L/ YPWR,IPNAC

COMMON /LCOOOCS/ ZNACH 212 5701 yEALZT

CONMPLEX ARRAY(S ¢6) sYPWRZIPeZINACIy2L2: 201, EALy ZFy ZELy ZE2, TAL, TA2, 12
~0sAgA24yPPSyPNSPZS EALERBLEC,LISTA(T) 17

REAL TAIBIC,1F

REAL ANGL(T)

ZEL1=1,0/YPWR

LE2=6 2%E])

OO0

ok
% READ THE FAULT RESISTARCE

R

OO0

READ 1C0O0CZF

PRINT 10C35ZF
%%
ok CLEAR QUT THE ARRAY
%o

YOO

DO 1L I=1,+5

DO 1 J=1 : 6

ARRANY{T +J}=(0,0,;0.0)
P/
% LOAD THE MATRI X
%%k

VOO

ARRAY(1,1VY=ZL1+1E}
ARRAY{L,3)=—1.%7C1
ARRAY{(1,5)=~-1,%ZL1
ARRAY({1,6)=CAlL
ARRAY({2,41)=-1c%ZE1
ARRAY(2,:3)=2F1L+ZL2+ZINACJ
ARRAY(245)=—1.%212
ARRAY(3:2)=2L1+2E2
ARRAY(344)=—1.%7E2
ARRAY(442) =—1%E2
ARRAY(44,4)=2E2+ ZL2+ INACU %, 2
ARRAY(4,5)=-,2%ZNACJ
ARRAY{Syl)=-1ox7L1
ARRAY(S5,3)=—1.%Z21L2
ARRAY{S5,4)=—.2%INACJ
ARRAY(S¢5)=INACI%* 2+ F+712+7L1
ARRAY(5,6)=-1.%EAL

C ek . !

C %% CALL THE HMATRI X SOLUTICKN RCUTINE

¢ ek . ;

et
i
ma

AL GAUSSIARRAYZTLT (12 1SCL)

e

I
12
C
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2000

1

DID WE GET A SOLUTICN ?

TFEISOL.EQ.

¢y GO 10 30
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IF SO THEN CALCULATE THE LINE CURRFRTS ANC THE LINE TO LINE

VOLTAGE S

TAT=ARRAY{L 6} —ARRAY
TAZ=ARRAY(26)

IAO:( Ca Ov Oe

A=CMPLX{ -
A2= C’PLX(—

PZ S:( CnC?Oa

0)

(5,6)

SQQT(?Q)/ o)
) =1 XSQRT(3.)/26)
LIST(4)11A1%1A2+IAO
LIST(5)=TACG+AZ*] AL+Ax]TA2
LIST{E)=TA0+A2AT A2+ AR AL
LIST{7)=~1.%ARRAY(5,6)

IF=CABSLLIST(7))
TA=CABS(LIST(4))
18=CABS{LIST{5))
TC=CABSILTST(6))
PPS=EAL-{TALXZT)
PNS==1,%(1A2%27)

0}

EA=PPS+PNS+PZS
EB=PZS¢A2HPPS+AXPNS
EC=PLS+AXRPPSE+AZ %PNS

LISTiL)=CC~

LIST(2)=EA~
LIST(3) =EB~

EB
EC
EA

EA$=CABS{LIST(1))
EB$=CABS(LIST(2))
EC$=CABS(LIST{3))

CONVERT ANGLES TO PROPER QUADRANT

CNST=180./3.1415

DO 7 I=1,7

ANGL{T)=ATAN(AT MAG ]
ITF(REALILISTII}) eGEOe s ANDSATMAGLL !
IF(REAL(LIST(I)) 4GEo00 o ANDCATMAGILI

60.

IF{REALILIST{I)) . LT.0.)

CONTINUE

PRINT THE FAULT INFORMATICN

PRINT 2C00
PRINT 3000

FORMAT(///

- 30 o o s i A it hs

yLIST(L) ,E

177774

na 2v.5 Y B - s s e sams

(LIST(I))/REAL (L

S

T
T
T

— -

S
5

[y} )CNS
T}).CGEo .) GO 70 7
1)) etT.0o) ANGLCT)=ANGL(T)+T

ANGL (1) =ANGL(T)*180.

Aty ANGLILY s LIST(2),6EB%y ANGL (2),L IST(3}, ECH,y AN
“L03) yLISTOA) sTALANGLI4) s LIST(5) s IByARGLIS) LIST(6), ICy ANGLIG6),
LISTUT7) IR ZANGLLT)

1 T54 ¢ TFAULTED PANEL
e/t

LINE YC

PARAMETERS Yy /4 "+ TH4y .
LINE VCOLT AGES AND L INE CLx




3000

30
2001

1000
1002
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INTS?Y)

FOPMATOTO ¢ T19 *REALTLON G 'REACTIVE! jOX st MAGNTITUECE y TXy "ANCGLEY s /4 ' 0
IVOLTAGES (VOLTSH 'y /40 'E B TO C =45 1Xy3(F103:50)52Xs FG2¢ /4 10!
1y 'E C TO A =131 X3 (FL03 40X} 42X F6a24/+°0' ' A TO B =" 1% 30810
1o 3¢5X) 92X3F 6026/ t0% CCURRENY [AMPS) 4/ +'0TA =ty  BX¢3(F10.345X),2
IX3F 6625/ '0 s IB =44 8X33(FL103 40X ) 42X F02,:/5P08 8 1IC =44 8% 3(F1L0.3
1o 5X) 0 2XsF 6.2 9/ Y0 s *FAULT CURPENT Yo/ 40Oty ' IF =t 8Xe 3{F10.3; 6X)y 2%,
1F €. 2)

RETURN

PRINT 2001

FORMATY( Y NO SOLUTION TN GAUSS ELIMINATION, GNE OR MORE COLUYNS ARE |
1 ALL ZEROY}

RETURN

FORMAT(S5O0XFL10.2410X;FL0e2)

FORMATU//7 5" FAULT INPEDARNCE = '+F1062:2X,F10.2," %= %)
END
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C sk
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C %

C %%k
C Nk
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COMPLEX YPWR TP yNACI ZF yZNACH IPNACI 2L ),y 2L2, TFe E4 2Y0OT LE
COMPLEX TPLL«FABC,ITCT 2P
VMAG ¢ TMAG  TFMAG Ly TYPE GRTL (XTL
COMMON /LODOO0L/ YPWRsIP,KNACJ

COMMON /7L0ODOO4/ 1PCS

REAL

CALCULATE THE

CALL ACLODS(E8200,1)

ZE=1.

READ

C/YPWR

THE LAST LCAD

PARALLEL LCADS BY CALLING ACLODCS

READ 40CLsACPACVy THETAACPF

CALCULATE THETA AND GET POWER FACTOR CORRECY IONAL

IF(ACPF) 10,411,110
THE TA=ARCOS{ ACPF)

CAatL

PECCLC XL ,C X2}

ACV=ACV/1.73205
ACP=ACP /3.0

ZNACJ:CMPLX((ACV**Zn)*(CCS(THETA)**Z&)/ACP'kACV**Z.)*COS(THETA)*SI

~N{THE TA) JACP) |
ZNACJ=1.0/{1.0/ZNACI+CMPLX(0.0,~1,0/C%X2)}
IPNAC J=ACV/ZNAC J

GET TRANSHISSICN LINE

READ

4C0C Ly TYPE4RTLXTL

IF(RTL.NE. O 0a AND. XTL. NELOLO) GO TO 20
FINDTLIL,yTYPE sRTLWXTL)
ZL2=CHPLXLLMRTL, LXXTL)

CALL

SET UP ZL2 TO REFLECT THE

IF(IPGS.EQ.0) GO TO 25
IF{IPOSEQ.9) TPES=IPCS+1L
RLEN=FLOAT(I POS) /1 0.

INAC J=ZNAC J+ (RLEN®ZLZ)
ZL2=2L2-(RLE N%ZL2)

GET ZL1 TRANSMISSICN LINE

READ

GCCOvLy TYPESRTL ¢XTL

POSITICN OF THE FAULT

COMPONENTS




b
e 0

e ¥

OO W

C ook
C  nedk
C Hone

C PP’
C Sk
C _ ¥k

200
4002

5000
5001

4000
4001
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INAC d=2 NAC J+CMPEX({0. 0., CX1)
TF{RTLNE. O O AND, XTL. NELO,0) GO TOC 30
CALL FINDTULLL,TYPL (RTLXTL)
ZLL=CMPLXCLRRTL L%XTL)

READ THE FAULT [ MPFEDANCE —— IF
READ 4000,2F
CALCULATE THE FAULT

LP=2F %L NAC J/UZHAC I+ IF)
TPLL=1PNAC JH{ZF+ ZNACJI) / 1F
TE=(TPLLXINAC) Z{ZNACU+ZF)
LP=7P+ 112
LTOT=(7E%IP)Y /{LP+ 2F)
ITOT=1PLLR( 2P+ ZE) /2L
LTOT=2T0T1T¢ 7211

E=Z TQV%I TOT

CALCULATE THE PARAMETERS FCR CUTPUT

EARC=E*CHMPLX(Le54.8A602)

VMAG=CABS(EABC)

IFMAG=CABRS(TF)

TMAG=CABS(ITOT)

PRINT 5009,2F

PRINT 5001 ,EABC s VMAG,TTCY ¢ TMAGWIF,IFFAG
RETURN

PRINT 4002

FORMAT(* ERROR —=——-=> NO LCADS SPECIFIED FOR FAULT')

RETURN
FORMAT(////7/ Y FAULT TMPEDAKNCE = '3 F102y2XsF10.2," % J%)

FORMAYL/ /777776 ' T54 o tFAULTED PARNEL PARAMETERS o/t 'y TD4 Y .
| U Yo/ 0, LINE TU LINE VOLTAGES AND L INE CURST
INTS /30 s Ty *REAL Y ;OX s *REACTIVE' 46X s Y MAGNITUDEY /51 Oy ' VIL TAGE
IOVOLYSY ' /7908 B TO0 € ='¢1X,3{F10.3;5X}):/,'ONOTE: BALANCED SYSTio
IMy E A TO B AND E  C TO A EQUAL TO ABCVE VALUE' ./, ' QCURRENT (AMZ S
1) 74/ 'CIA =%,8X33(F10.3,5X)4/,'ONCTE: BALANCED SYSTEM, 1B AND 1C
1EQUAL TO ABOVE VALUE ',/ 'OFAULT CURRENT',/,'0IF =4 8% 3(F10.3:5X)

FORMAT(2( 10X F10e2) +2(10XsF10.9)) ‘
FORMAT(4{LOX,F10.2))

END




APPENDIX VII

STRIP CHART SOFTWARE




384

APPENDIX VII - STRIP CHART SOFTWARE

General

The program to analyze strip chart recbrdings with the Hewlett-
Packard 9810A calculator consists of three main sections: data input,
individual time study output, and final output. Each of these sections
will be discussed first in general terms followed by an example of
input-output format information. The complete calculator program

listing concludes the appendix.

Data Input Section

Data input is inclusive of steps 0000 to 0591 of the program, and
the actual machine operations begin with clearing the data storage
registers and printing the title andAoperational instructions. A
printout follows to request which power parameter (power, current,
voltage, and power factor) and horiéontal and vertical scales are
represented by the strip chart. The calculator then hesitates for the
operator to assign a maximum of time study designations to the numbers
zero through nine. After the first time study number is entered into
the calculator, data are requested by way of the curve digitizer
(cursor).

Data are received by the calculator in sets of two. Each set is
used to define a line equation, and ‘the programming enters information
from the equation in storage registers (in statistical form) by using
0.01 inch increments of the time (horizontal) axis. The cursor can
dititize a curve 99.99 inches horizontally o£ vertically. To avoid
the restriction, a routine is contained to upgrade the horizontal axis

each time the maximum range is reached. At the end of digitizing
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all important points on a particular time study event, the calculator

is manually stopped and directed to go to the second main section.

Individual Time Study Output

The second section is primarily a statistical printout and inclusive
of programming steps 0592 to 1006. The output is as follows:

1. output number, time study type number, and a count of the
number of this particular time study type output

2. statistical mean, standard deviation, maximum, and minimum
of the digitized curve

3. event time and the number of digitized points

4. the kilowatt-—hours used if applicable.
After the information is printed, the calculator ceases operation. If
more data (for a different time study type) are to be entered,.the
operator simply addresses the machine to continue, and the next time
study number is requested (a return to the first major section). If
the digitization process is to be terminated (end of a chart), the
operator sets a flag, and the calculator proceeds to the third major

section.

Final Output

Steps 1007 through 1658 contain the final output programming which
is again a printout section. The initial output of the routing is for
the complete strip chart curve and contains:

1. power parameter type

2. statistical mean, standard deviation, maximum, and minimum

3. total chart time

4., total kilowatt-hours used (if applicable).
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Following the above output, a directed '"do-loop" is employed to obtain
the average single variable statistics for each time study type. If a

time study number is not used, a statement is printed accordingly.

Input-0Qutput Information

Contained on the following (two) pages is an example of the actual
printout of the Hewlett-Packard 9810A utilizing the software just
described for an hypothetical situation. The vertical and horizontal
scales are both one inch/inch, and two points, (0,0) and (2,2), are
digitized under the time study number f3." The calculator has been
directed to go to the final output immediately after the first indi-

vidual time study output.

Calculator Software

The complete program listing is presented immediately after the
foregoing example. Power Factor analysis within the program is for
linear vertical scale charts. However, the strip charts used for this

power parameter have a logarithmic scale.




MINER ANALYSIS

RECT CHARTS
RIGHT TO LEFT
ONLY

ENTER

TIME~Y

VERT~X
1.0000
1.0000

ENTER
AMPS=0
VOLTS=1
Kij=2
PF=3

E-*
DEFINE T S # 0-9

SELECT
TIME STUDY

DIGITIZE

END OF DATA?
PRESS

STOP

GTO LBL 1

IND TIME STUDY
OUTPUT #
TYPE #

SERIES #

MEAN
STAN DEV
YMAX
YMIN

Oomuoe

CYCLE TIME
c
DIGITIZED PTS
200.

KWH USED

« X

-00

-00

-00

-00
- 58
.00
-00

-00

.03
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FINAL OUTPUT

KWATTS
TOTAL
MEARN
STAM DEV
YMAX
YMIN

TOTAL TIME

.00
0.58
2.uo
0.00

2.00

TOTAL KWH USED

0.03

AVE STAT OQUTPUT
FOR EACH T.S.

TYPE
NO DATA
T.S. TYPE

NO DATA
T.S. TYPE

NO DATA
T.S. TYPE

T.S. TYPE

NO OF CYCLES

AVE MEAN

AVE STAN DEV

AVE YMAX
AVE YHMIN
AVE TIME

NO DATA
T.-S. TYPE

NO DATA
T.S- TYPE

NO DATA
T.-S. TYPE

NO DATA
T-S. TYPE

NO DATA
T.S. TYPE

NO DATA
T.S. TYPE

END

L

00

.00
.54
-00
- 00

.00

388




0o000-~-CLR---20
0o0t-- K ---55
pode-- 3 ---03
0003--CLX---37
0o0gYy-- Up---27
0005--YTOo--~40
000b~--IND-~--3L
opg?-- a ---13
oopgs-- 1 ---01
0009--XT0~---23
00L0-- + ---33
00bk-- a ---13
00ke-- 1 ---01
00k3-- 0 ---00
001lY4-- 7 ---07
00L5-- UP---27
00kk-- a ---13
00L?--X<Y---52
bb¥8-- 0 ---DO
00x9-- 0 ---00
00e0-- 0 ---00
00dl-- 3 ---03
0022--FNT---4¢
B023--FNT---42
oo24-- 1N ---70
0025-- I ---L§
00ek-- N ---73
oo27?-- £ ---k0O
cogg-- a ---13
0029--CNT~~--47
0030-- A ---k2
0031-- N ---73
0032-- A ---kLe@
0033-- L ---72
0034--XFR---kL7
0035--YTO---4D
003b-- I ---kL5§
0037--YTO0---40
0038--CLR~---20
0039--CLR---20
ooufg-- a ---13
004l-- £ ---kLO
ooye-- € ---bl
0043--XTO0---23
O004Y-~CNT---y7?
0o045-- € ---k1
004k-- H ---74
oo4?-- A ---kL2
0044-- a ---13
0043--XTO0~---23

No050--YTOo---40
0o5k--CLR-~-20
oose¢-- a ~---13
po53-- I ---kLS
0o054-- 6 ---15
paos55-- H ---74
005b--XTO0-~-23
D057--CNT-~~47?
0058-~XTO0--~23
pos9~-- 0 ---71
00LO--CNT---47?
00kk-- L ---7¢
00b2-- E ---LO
00k3-- F ---1k
00bY--XTO---d3
00b5-~-CLR---20
00bk-- 0 ---71
00k?-- N ---73
DOE&-- L ---72
00E9--XFR-=--hL7
0070--CLR---20
00?k-~-CLR-~--20
po7eg-- £ ---kO
po?3-- N ---73
00?4-=-XTO0-~-~-23
00?5-- £ ---k0
0o?k-- a ---13
0p??--CLR---20
00786--XTO0---23
00?%9-- I ---k&
ooaf-- M ---70
008k-- E ---kO
00&2--EEX---2bk
0083~--XFR---b7
00a4--CLR---20
0085--INT---kY
008k-- E ---L0O
00&87?-- a ---13
0088--XTO0---23
0089--EEX---2k
0090-- YE---24
009L--FMT-~--4e
0092--FNT---4e
00493-- 4 ---04
00q4-- . ---21
0o095-- 0 ---00
009k~-- 0 ---00
oose-- . ---23}
0098-- 4 ---0Y
0099--CLR---20
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0100--STP---Y4l
010L--XEY---30
0102--PNT---45
0103--XT0---23
0104-- 1 ---01
0L05-- 4 ---DY
0L0k--XEY---30
0107?7--PNT---45
D108--PNT---45
0109--XTO0~--23
0110-- 1 ---01
011%-- 5 ---05
0112--CLR---20
0113--FMNT---42
0LLY~-FNT---4e
0115-- E ---k0O

01lik-- N ---73

0LL7?--XTO0---23
D318-- £ ---LD
0119-- a ---13
0120~-~-CLR---20
0121k-- A ---k2
0leg-- M ---70
0123-- ¢ ---5k
0L2H--YTO-~--40
Dl25--SFL---54
0ek-- 0 ---00
012?--CLR~---20
0L28--INT---bY
0x29-- 0 ---71
0130-- L ---72
013.--XT0---23
013c--YTO---40
0DL33--SFL---5Y4
0134-- 1 ---01
0L35-~-CLR--~-20
013b-- K ---55
0137--IND---31
0L38~--SFL---54
0139-- 2 ---02
0140--CLR---20
014%-- 5 ---5k
0iye-- F ---1b
0L43--SFL---54
0L4Y4-- 3 ---03
DL45--FMNT---42 -
0l4b-~-FNT~---42
0u4?-- 4 ---0Yy
ou48-- . ---21
0w49-- 0 ---00




0x50-- 0 ---00
0153k-- . ---2l
0y52-- 0 ---00
0L53--STP~-~4l
0L5Y4--PNT---U45
0L55--PNT---45
0L5k--XTO-~-23
0x57-- L ---0%
0L58~- L ---0b
0159--CLX---37
0Lb0~--FNT-~--Uc
DLbL~-FNT---42
0lk2-- D ---L3
0lk3-- £ ---kO
0lbY4-- F ---1b
015-- 1 ---bL5&
0klbk-- N ---73
0ik7-- E ---kLO
OLEE--CNT-~-47
DbE9--XTO-~-~23
0170--CNT---47
0L7?L-=-YTO-~-40
0L72--CNT~---4?
0173--GTO--~HY
0DLo4-~-CNT-~--H47?
0x?5-- 0 ---00
0k?k-- ~ —---34
017?7?-- 9 ---1l
0L786--FNT---42
0k7?9-- A ---k2
0180-- 0 ---71
0L8k-- A —---L2
0ké2-- N ---73
0L83--G6TO---HYy
0L8Y~--S/R~--77
01L85--LBL---51
0l8b~-- A ---kd
0L87--FNT---ud
0188-- Y4 ---0Y
0L189%-- . ---21
0x90-- 0 ---0D
0191-- 0 ---00
giig-- .« ---21
0193-- 2 ---02
0194~--CNT---47?
0195--CNT---Y47?
019k-~- 0 ---00
0197--XT0~--23
0196-- 9 ---11
0199-- 0 ---00

0200--CLX~~--37
0204-- 5 ~---D5
020e2-- 0 ---00

0203-~-XT0~---23

0efY-- 9 ---1l
0efb-- 1 ---01%
020k--CLX-~=-37
02f?-- b ---Dk
oe0&-- 0 ---00
0209-=-XTO0-~-23
0210-- 9 ---11
02ll-- 2 ---0d
0212~--CLX---37
0d33~-- 7 —--07
g2u4-- 0 ---00
02215--XT0~---23
02lb-- 9 ---1k
02k7¢-- 3 ---03
0218--CLX---37
0219~-- 8 ---10
0egd-- 0 ---00
0221--XTO0~-~--23
Ogee-- 9 ---11
0223-- 4 ---04
Odey-~-CLX---37
0225--XT0~---23
022k-~ 9 —---11
02e?-- & ---05
0228-~-CLX---37
0229-- 9 ---1l1
0230-- 9 ---11
023k-- . ---21
0232-- 9 ---11
0233-- 0 ---00
0234--XT0---23
035-- 9 ---1l
023k-- & ---0b
0237--CLX---37
0238--FMNT---42
0239--FMT---U4c
pD2yp-- D ---L3
0241-~- I =---bk5
0dye-- 6 ---15
0243~- I ---kL5§
D24y--XTO0~---23
0eys-- I ---k§
024k--XSA---12
02y?-- £ ---k0O
De4d--CLR---20
0249--CLR---20
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0es0-- E ---kLO
025%-- N ---73
025¢~-- D ---L3
0253--CNT~---Y47
D2t4y-- 0 ---71
0eb5-- F ---1k
0256--CNT--—-Y47
025?-- D ---kL3
0258-~- A ---k2
0259--XT0~---23
0ek0-- A ---kC
0ebL--IFG6---43
Deke2-~-CLR-~-20
0ek3-- n ---5k
02ky-- a ---13
Dek5-- E ---k0O
02kbk--YTO0---40
0D2k?--YTO~---40O
02bad--CLR---20
02k9--YTO0---40
0270--XT0---¢&3
p27?k-- 0 ---71
pe?e-- n ---5hk
02?3--CLR---20
g2?4-- 6 ---15
02?75--XT0~--23
0e?b-- 0 ---71
02?77?--CNT---Y47
02?é-- L ---7¢
De?9-- B ---kk
pesd-- L ---72
0281 --CNT--—-Y47
0282-- 1 ---01%
0283--FMT---4¢
028Y4--FNT-~--42
0285-- 4 ---04
0D2dk-- 9 ---11
0287--PNT-~--Y45
0288--CLX---37
0289-- UP---27
p290-- Up---27
029y--FMT---42
0D292~-- 3 ---03
0293~-- 9 ---1l
pDedy-- . ---21
0295--CHS---3¢2
029k-- UP---27
0297-- DN---25
0298--PSE~---57
0299--XT0---23




0300-- ¥ ---0)
0301-- 0 ---00
0302--YTO0---40
0303-- 1 —---01
0304-- 1 ---01
0305--XT0~~--23
030b-- 2 ---02
0307-- &4 ---10
0308--YTO~---40O
0309-- 2 ---02
0310-- 9 ---11
0331-- 0 ---71
0312-- N ---73
0313--CNT---47
031Y4--CLX---37
03L5-- UP---27?
03kb-- UP---27
03L7--FNT---Y42
0318-- 4 ---04
6339-- 9 —---1k
0320--PNT---HU5
032k--FMNT---u4d
0322-- 3 —---03
0323-- 9 —---11
03gy-~- . —---21
0325--CHS-~--32
032k-- UP---27
0327--XTO0-~--23
03286-- a ---13
0329--IFG6---43
0330-- 0 ---00
033%k-- 3 ---03
0332-- 7 —---07
0333-- 9 ---1k
0334--XFR~---&L7
0335-- 9 ---11
033k-- 5 ---~05
0337--XEY---30
0338-- 1 ---01
0339-- 0 ---00
0340-- 0 ---00
0341-- X ---3b
D34e-- a ---13
0343-- + —---33
O34Y4--XFR-~-L7
0345-- 9 ---1l
034k-- & ---0b
0347--X<Y¥Y---52
0348-- 3 ---03
0348-- &5 ---05

0350-~- 7 ---07
035k~~-CNT~--47?
0352--6TO---4y
0353-- 4 ---0Y
0354-- 3% ---01
03545-- 3 ---03
035L-~-CNT~-~-47?
035?-- 1L ---01
0358--XT0---23
0359-- + ---33
03L0-- 9 ---11
03k%-- 5 ---05
03ke--CLX---37
03L3-- 1 ---01
03k4-- 0 ---00
03L5-- 0 ---00
036L=-XTO0-~-23
03k?-- + ---33
03k&-- 9 ---11
03k9-- b ---0k
g370-- a ---13
0D371--XEY---30C
0372--CNT---Y47
0373--SFL---5Y4
0374--6TO---4uYy
0375-- 4 ---0OY
0D37-- 1 ---D0J
03?¢-- 3 ---03
D378--CNT---Y47?
0379-- 5 ---05
0380-~-X<Y-—--52
038)-- Y4 ---0Y
0382-- 0 ---00
0383-- 0 ---00
0384~~-CNT---47
0385--XFR---k7
038b-- 9 ---1l
0387?-- 5 ---05
D388--XEY---30
0369-- 1 ---01
03490-- 0 ---00
039k-- 0 ---00
0392-- X ---3b
0393-- a ---13
0394-- + ---33
0395--6TO0-~--4yYy
039k-- Y4 ---0Yy
0397-- 1 ---01
D398-- 3 ---03
0399--CNT-—--47
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O4D0--XFR-~-b7
ouoL-- 9 ---11
D4pR-~ 5 ---05
D403--XEY-~~30
guo4-- 3 ---03%
D405-- - ---3Y
DY0k-- 1 ---D1
p40?-- 0 ---00
puD&-- D ---00
D4pa-- X ---3b
0430-- a -=-13
DY1L-- + ---33
04L2--CNT==-U7?
O423--PSE-~-57
Dul4-- DN---25
D4L5--XTO-~-23
DUlk-- a -~-13
D4L?--XTO-~-23
D4LB-- 9 ---11
O439-- & ---10
0uY20--YTO---40
puy23-- 9 ---11
Duge-- 9 ---33
0423--XFR-=~b7
pugy-- 2 ---082
Dug5-- 9 ---11
DYEb-- - ---3Y
DU2?--XFR---57
pu2e-- 9 ---11
o429-- &8 ---10
o430-- UP---27
D4Y31L--XFR---k7?
py32-- 2 ---02
ou33-- & ---10
gu3y-- - ---34
DY35--CLX-~-37
D43b--X>Y---53
o43?-- 5 -~--05
Du3&-- 4 ---0Y
p439-- 0 ---00
D4YO--CNT-=-47
D4Y4L--X=Y---50
Du4g-- 5 ---05
DY43-- 4 ---0y
Duyy-- 0 ---00
DYYE-~CNT~==Y47
D4Y4k-- DN---25
Oy4?--DIV---35
O44B--YTO---40
pu4g-- 9 ---11




D450-- 7 ---07
0Y51--XFR---h7?
o4se-- 2 ---02
0453-- & ---10
OY54-- X ---3k
D455-~XFR-=~h7
04Sh-- 2 ---0g
0457-- 9 ---11
0458--XEY---30
Oy59-- ~ ---3Y
04L0--YTO---40
O4bl-- L ---01
O4k2-- 0 ---00
O4k3-- b ---0k
DYkb--CNT-=--47?
Oub5-- . —--21
DYbb-- O ---00
O4k?-- 1 ---01
04LA--XT0---23
04L9-- + ---33
gu?0-- 2 ---02
047?%-- 8 ---10
0Y?2--XFR---h7?
0yY?3-- 2 ---02
o4?4-- 8 ---10
04?5-- UP---27
D4?b--XFR=--h"?
Du??-- 9 ---1)
Dy?8-- 7 ---07
04?9-- X ---3k
DYa0--YTO---40
0yal-- + ---33
ous2-- 1 ---01
O483-- 0 ---00
0484-- b ---0k
04B5--XFR---b7
D48k-- 1 ---01
oya?-- 0 ---00
O4sé-- b —--0k
0Ya9-- Up---27
DYys0-- UP---27
0491L--XFR---hk?
o492-- 2 ~---02
0493-- 8 ---10
0uay-- g ---71
o495-- N —--73
0Ygk-- UP---27
0497--XFR---k7
0Yd98-- 9 ---11
oug9-- 8 ---10

0500--X=Y---50
050%-- 5 ---05b
os02-- 2 ---02
0s503-- 3 ~---03
0504--CNT--=47?
D505--XFR---k7
050k-- &2 ---02
os507-- & ---10
0508-- UP---£7?
0509--XFR-=-~L7
0510-- 9 ---11
051%k-~ 7 -—--07
D512-- X ---3b
0513~--YTO0---40
051Y4-- - ---3Y4
05L5-- 1 ---0%
051k-- 0 ---00
0517-- b ---0k
0518--GTO---4Yy
0519-- 4 ---04
0520-- b ---0b
052~-- 5 ---05
0522--CNT-~-Uu7?
0523--XFR---L7
0524~- 9 ---11
0525-- 8 ---10
052k~~-XT0~~~-23
0527-- 2 ---02
05284-- 8 ---10
0529--XFR---L7
0530-- 9 ---11
0531-- 9 ---1k
0532--XTO0---23
0533-- 2 ---0¢2
0534-- 9 ---11
0535--GTO-~--Uy
053k-- 3 ---03
0537-- 1 ---0%
05386-- 4 ---0Y
0539-~-CNT---4?
D54D--FMT~--4c
054L--FMT~-~-4e
os54e-- E ---LO
0543~- a ---13
D&4yY-- a ---13
0545-- 0 ---71
054b-- a ---13
0547-~-FNT---4e
0548--GTO~--4Yy
0549-- 3 ---03
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0550-~ 1 ---01
D55%-- 4 ---0Y
0552--CNT---4{7
0553--S/R~---77
0554~-LBL---51
0555-- A ---bL2
D55b--CLX--=-37
0557--FNT-~--42
0558-- 4 ---0Y
0559-- . ---21
0560-- 0 ---00
058Lk-- 0 ---00
oDske-- . ---21
056k3-- 0 ---00
OD5LY--FNT---4e
05k5--FNT---42

056kb--CLR-~-20

0567--YTO---40
05ké-- £ ---L0O
0569-- L ---72
0570-- £ ---kO
057k-- C ---kl
0572-=-XT0~---23
05?3-~-CLR-~--20
0574~=XTO~~--23
0575-- I ---kLb
05?k-- M ---70
05?7-- £ ---k0O
0578-~CNT---47
05?79--YTO0---40
0D580--XT0~---23
0581~-1/X---17
0582-- D ---L3
05863--XFR---L7
0585--FMT---42
0585--STP~~--4l
058L--PNT~---45
0587--PNT~---45
0588~--XT0---¢23
0589-- 1 ---01
0590-- 3 ---03
0591--CLX---37
0592--S/R---77
0593--LBL---51
o594-- 1 ---01
0595--FNT---42
059k~- 4 -~--0u
059?-- 9 ---1l
0598~--PNT---45
0599--PSE--~-57




BLOOD--FMNT---42
OLOL-- 4 ---0Y
pLo2-- 9 ---1)
OLO3--PNT---45
OLOY--FMNT---4&
0LO5--FMT---He
OLBL--CLR---20
OLO?-- I ---k&
OLO#-- N ---73
gkO0%~-- D ---L3
OLLO--CNT---47
06LY-~-XTO0---23
Dble-- I ---hk5&
OL13-- M ~---70
OLLl4-- E ---kLO
OLL5--CNT-—--47
DLLE--YTO---4D
DLL?~--XTO---23
CLLA--1/X-—-17
0L19-- D ~---L3
Obe0--XFR-~--kL7
Ob2l--CLR---20
Obeeg-- 0 -—-=-7L
DL23--1/X---17
ObL2Y4--XTO0---23
0L25-- »n ---54
Dhebk-—-1/¥%-—-27
DLE?--XTO0—-~--23
De2f--CNT-—--47
0L2d9--GTOo--—-4Yy
DL30--FMT---42
0L3Y-- 1 ---01
DL32--XT0---23
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1500-- 4 ~--0Y
y50k-- + —--dl
L50e-- 0 ---00
1503-- 0 ---00
L504-- . ~--21
1505-- 2 ---02

150k~ XFR---L7
1507--IND---31

1508-- 2 ---02
1509-- 0 ---00
1510--XT0---23
1531-~ b ---1}Y

1512--FMNT---Y42
1513--FNT---Y4c
L514-- N --=73
3515-- 0 ---71
153b-~CNT=-~-47
5%?-- 0 ---71
15%8-- F ---1b
L5483--CNT--—-Y47
1520-- € ---bk1
152L--XFR---L"7?
1522~- C ---kl
1523-- L —---72
1524-- £ --~-LO
1525--YT0---40
1526-~-FNT~--42
1527--PNT---45§
1528--XFR-~~L7
1529--IND~~--31
1530-- 1 ---01
¥53%-- 0 ---00
1532-- 0 ---00
1533-- UP---27
L534-~CNT-~-47
1535-- b —---14
153Lk--DIV~-~-35
L537--XFR---kL"7
1538~- 1 —---01
1539-- &5 ---05
1540-- X ---3b
154L-~-XTO~---£3
1542-- a ---13
1543~- DN-~--25
A54Y4--FNT---4c
L545--FNT-~-42
L54E-- A ---L2
L547--INT---kY
L548-- E ---EO
L549--CNT~=-Y47?

1550-- 1 ---70

1551-- £ ~=-k0
1552-= A ==~k
1553-~ N --=73
1554 -~F{T---42
1555 ~PNT===15

L55L--XIFR-~-L7
L557¢~-IND---3]
L554~-~ 1 —---0L
155%-- 0 ---00
1560-- 1 ---01
5L -~6TO---4Yy
15b2~-~-S/R-~-77
L5B3-~LBL--~51
L5kY-- I -~--kS5

L5L5-~FNT---42
L5bb--FNT-~-42
L5E?-~- A ~---ke

]JSI:DB)""‘INT"""[‘JH
15k8-- E ---LO
L570--CNT---U?
15?L--YTO---40
1572--XT0-~-23
15?73-- A ---k2
1574-~- N ~~-73
L1575-~CNT~=--47?
157b-- D ---L3
1577-- £ ---kLO
L578--INT---kY
1579 --FNT-~--42
1580--PNT~--Y45
158~ -XFR~--kL7
1582--IND---31
¥583-- 1 ~---0%
1584-- 0 ---00
1585-~- 2 ---02
158L-~-6TO~--4Yy
1587--S/R---77
1588-~-LBL---51
15869-~ I ---k&
1590--FNT~---42
159y --FNT---42
1592-~- A ---L2
L593--INT---kH4
1594-- E ---kL0O
1595--CNT-~--47
159k-~-XFR-=--L"7
1587-- 1N ---70
15986-- 1M ~---k2
1599-~ YE---2Y4
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LL00--FNT---42
Le0L~=PNT-~-4h
bk02-=-XFR--~k7
1603~ IND---31
LEOY == L ---UL
1L05-~- 0 ---00
L0b-~- 3 ---03
W07-~-6TO~--HYy
1LO0B-=S/R=~=77
yb09--LBL-~~51
LL210-- I ---k5
WELL--FNT~-~4e
1612-—-FNT-~--H2o
L1513-- A ---kd
LoLY=~INT-~~hLY
])['_1:]15“"' £ """"[::D
M-~ CNT-~-U?
LEL?--XFR---0L7
kY8-- N -=--70
1619-- I ---k5
1L2D-- N ---73
W2l --FNT-~-H2
Ihee-=PNT-~--H5
1b23--XFR~---L7
b2y --IND---31
bkehs-- 1 ---031
Lkek-- 0 ~---00
Lk2?-- 4 ---0Y
1b2s-~- UP---27
IL29-~ b —--1U
1630--DIV-~--35
1h3k-- DN---25§
LE32--FHUT---42
Lbk33--FNT---42
Ab34-- A ---kL&
Wb35--INT---LY
1b3k-—- E -=--kL0
b37-~CNT~=-47
1E38-~-XTO---23
1639-- I ---hL5
JE40-- M ---70
b4l-- E ---kLO
LE42-—-FNT~--4e
JhY3--PNT---45
LEUH--PNT---45
IEUSE--6TO--~4Y
1b4k--LBL---51
1kYy?-- vV ---7hL
LEU48--S/R-~-=-77
Ib49--LBL~-~--51




Ib50-- I ---LS
165L-- yp---g?
L6E52-- b ---2Y4
153--DIV---35
Ib5Y4Y-- a ---13
W55-- X ---3k
Lb5k-~ DN---2&
LE5?-=-S/R---77
LW58--END---4L

400
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DIGITAL RECORDER ANALYSTS PROGRAM
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MINE CLECTRICAL POWEFR DAYTA ANALYSIS
PATN PROGRAY

THIS PrROGEFANM ACCEPTS OIGITIZED DATA FEROM MAGNHETIC TAPE
APPLTIES CORKLOTION FACTILRS, ARG SUTPUTS THIS CATA TJ 21SC.
THE GATA RESULTIO FR0M Uk SECURND IRTERVAL SAMPLING Of
UNMDERGROUND MIRD DLECTRICAL FOWER SYSTEM PARAMETERS
ARE COMSISTS CF THE FOLLOWING: :

TImt

CURRENT

VOLTAGE

PLwEr

POWER FACTOR

THIS DATA IS THel: SCANNED TO CEFIND THE BEGIN ANG ENO PULNTS
{(TIMES)Y FO ALL THE CURVUS O EVERTS.

WHEN THESE PERIGES &R FOUNDy THE

STATYSTICS FOR E£C0H CUVE; AS wELL A4S FOR ALL THE DATA, ARc
COMPUTED ARD PRINTED.

THE CURVE STATISTICS ARE ANALYZeD TO DREFINE ANY
EXTSTING TYPICAL CURVES.

SUBROUTINES USED:
T1ME
STAT
TEST

FEFERENCE :
QUARTERLY KEPORT

COMMON TPL4A00) yCHMEANT{AO0D) y UMEAN{ 400}  PHEAN{400) s PFHTAN{40D)
COMMON CSDI4A00) ,VSE(400) ¢ PSD{400)+EBFSDI400)

COHMOMN CHl M IA400) (CMAXCH0C) s VYIN(4AD0 ) g VMAX (400 « PHINLAND) ¢ PV AKX {4
COMMAOAN PEFMIN{IAQCO) ¢ PEEAX(LOU) D420 ,CC{4000) KWii{400)

CoMMON MINC g HAXT s PINV L FARNV MINP g FAXP 3 IRPE MAKPF,DUMPY  THF 1N
COMMON T,104JdyJ1sCeVPPF

COMMEH GSLOPE,IFR,C &P

REAL MAXCy MINCy MAXNV, MINVy MAXP, MINPy MAXPE, MINPFy Kuaui
REAL®G QUMNMY UNITS(2Y/ vAMP/SEC Yy vil/SEC v/

IMTEOGER Ty TNy TSy CEPy CPy CCO/'CH/y GGG/ VG /4, GRAPH
INTEGUR TEMY(A) /(312 s T TVt a4lptyta)) v/

INTEGUR TABII3Y/ ' T 1Vt 123015739 /,TP

DEFINE rlLe 99(2%000,75U,1D)

INITIALIZE,y FEAD COFRECTICN FACTORS & PARAMETERSy AND IWVULT
FORMAT FOR DATA




403

(‘, ¥ v
DUMMY =0,
I=0
TOT1=0.0
TnT?ion
Chp=
rlAD (5¢1) YACH, CP, GrAPILy 1FFy ‘GSLOPEs CCURy CVOLT, CPuR, CPF
L FORBAT I AL e IX AL 4X12:20X:5F10.4)
FE(RACHLD.0) MACH=]
]FM1(2):ThB(WﬁLh)
IF(CPNELCLD)Y CiP=2
1P {0XAPHNT GG ) GRAFH=L
TFLGRAPH,TD.G066) GRAPH=2
““177(kv' Py CuD
GO FOMAT('0Y, 100 = Vo11)
11((0,1U1) COURy CVOLT,y CPLR CPF, GSLOPE, IFR
101 r“>' T OPBCOTRECTION FACTURS: Y // v L VeF8.4/7Y V Y2 F8 .4/
1Y P YR8/ PE YR B4/ SLOFE THRESHCLD 'y F8.4/
2V FRAME STZEE t,13)

]
]

C#ok
Coex READ DATA AND WRITE YO DISCH
Coow ALSOy DETHERMINE MIN & MAX CF ALL DATA.
C %5
2 I=1+1

READ(L2 3y IFWT (FEND=10) TH,TMTSsCsV,P.PF
T=THR36D) o+ T E )+ TS
C=C+,002
P=P+.0G3
C=CCUR*C
IF(C.LT.0.) C=0.
V=CVOLT*V
IF(V.LT.0.) V=0,
P=CPnE*P
IS{P.LT0.}) P=0.
IFUPFLTe0.) PF=0.
Pr=PF/1e242
[F(PYeGlea2) G0 TO 200
GO TU 201

209 PE=ALOGLI(LO%PF)

201 WRTITE(98) CyVePsPF,T
TOTL=TCTL+C
CT2=T0T7249
IF(1.NE.L1) GO TO 4
MAXC=C ‘
MINC=C
MA XV =V

MINV=V
MAXP”I
MNP =

NU\X"F"J)F
MINPF=PF
GL 10 2
A 1P (CnTtiaXC) MaxC=C
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TF(CLT.MINC) MINC=C

1F(V.GT MAXV]) MAXV=V

IF{VLTMINV) MINV=V

IFIP.GT.YAXP) MAXP=P

IF{PLT MINP) MIKNP=P

IF{PF.GTJMAXPF) MAXPF=PF

TE(PF LT MINPF) MINPF=PF

GO TO 2

(oot o e sk 2 e o g ofk ol sk s ok ok o v o o st e e ok o 5 e ottt 3 o ok 20k e 3k 3 e ok ook e ok e Moo o Rl R R kK ke ke

C# .

G PRINT MIN & MAX FIGURES, COMPUTE COPTIMUM SLOPE, CALL TIME
C ek . ROUTINE TG DEFINE CURVES, AND CALL STAT ROUTINE FOR EACH
Cwx CURVE. :

ol

C e sl s Yo sl 2k o ok 3t sl diedle s afr e m ol 3% e e e s e st se dje e o e o sk 3 ke ol X ol 0§ g e Y e sl e o ol e e Yeodloedle e e e e ek s de sk koo e &
10 IMFIN=1-]
ENDFILE 98
REWINMD 98
WRITE(6,103) TKFIN
103 FORMAT (3", 'TCTAL RECGADS: #,10)
FIND(GS'])
WRITE(E,104)
104 FORMATL 'O ¢ TLIBy 'MINY,T28, ' MAX )
WRTITE(6,105) MIKNC, MAXC
105 FORMATIO  TCURFENT* 3 T16:2(FBe3:2X) ¢ "AMPS. V)
WPITE(E, 1260 MINVy MAXV
106 FORIMAT( Y 4y 'VOLTAGE Y ¢y T16,2(F8.3,2X1,'WEGLTS!)
WRITE(6,107) MINP, MAXP
107 FORMAT (7 U, 'EGWER G, TI6,2(F8.3,2X)s "KiWe ')
IF{CHP L EQ L) CPT={TOTL/IMFINI/Z{IFR+2Z)
TF(CEP L EQL2) OPT=(T0V2/IMFINY/LIFR42)
IF(GSLEPE. ED,0.0) GSLCPE=0PT
WRITE(OL,L08) MINPF, MAXPF, UPT, UNITSICHP)
108 FORMAT(Y ', ' ROWER FACTOF ' 4 T16,2(F8.442X)/40",
L'OPYT. SLOPE THRESHILD = 1,F6.2,A3/111")

J1=0

[9RAR .
CALL TIME

(% \
Jl=J1-1 _ :
TE(TPLJL)FQJIMEINY GO TO 11 )
TP(JL+1)=14FIN ’
Jl=J1l+1 :

11 JIMAX=Jd1
JJl=J1-1
DG 30 Kl=1,J4Jd1

J1 =K1

I=TP(K1)

JETP(KL+L)
Cowx

CALL STAT
(0% %

CCIK1)=1.0
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30 CONTINUE

€% e 4t e o o o e ootk e oo e ol X e o Xk o o i e e e o s ol s o ok ok ok He ok ok sk ke kol R R R Rk ok R T e R R ok k.

CHhx

Coox THIS SECTION LOCKS FOR TYPICAL CURVES AND PRINTS ALL THE

C A INFORMATICON CGN ALL CURVES, WHETHER THEY ARE TYPICAL OR NOT,

C Aok THE CGUTER LOGP (790) PICKS A CURVE (1 THEN 2 THEN 3 ..4.)

C o AND THzN THE INNER LCOP (40) COMPARCS THAT CURVE TO ALL ThRE

C ek REMAINING CURVES TQ SEE IF IT MATCHES ANCTHER CURVE. A CURVE
Cox IS TYPICAL 1F THERE ARE AT LEAST 2 OTHER CURVES WHICH 4ATCH IT7.
CHk

(%32 30w s vl sl A 500t 33 X2 02 v vt e s 2 0 ofe oz e sl e e e st sl ofe o Xoje ale e a4 s e ke Fosle sl ool ¥ e ook ae gk R % oo R R sk ok vk ek

35 Jl=J1MAX-]

DO 70 I=1,J1

IF(CC(I).EQ.2.) GO TC 70

NO(I)=1

KOUNT=1

[1=1+1

IF(11.6T.JL) GO TO 39

DO 40 J=11,J1

IF{CCJIEN.2.) GO TG 40

NO(J)=-1

CALL TEST(I,JyIR)

IF(IR.EQL.O)Y GO TG 40

KGUNT=KCUNMT+ 1

NO(J)Y=1
40 CONTINUE

C).‘_z:::

39 N1=TP{1])

ML=TP{I41)

K=M1-N14+]

FINDI99'NL)

IF(KCUNT.GEL3) GO TO 49

WRITE{G6441) 1,4 K
41 FORMAY ('~t, ' THE STATISTICS OF CURVE NUMBER t,I4,' ARE: ', 743,15,

1t PGINT(S)Y) ' .

READI(OG'NL) DUMMY, Cy V, P, PF, T

FINC(SG ML

WRITF(()QZ‘Z) T1 Cy V, py PF

42 FORMAT('O' 'BEGINNING OF CURVE: TIME='T,F10.0, ' SEC.y CURTENT=',F

o3 b AMPS.y VOLTAGE=',F8.3, ' VOLTS,y FOWER=!',F8.3,' KWsy POAER FAC
200=4V,Fé.4) ‘ . f
WRITE(G6,110)

WeITE(6,111) CMINS

1)y CMAX(I), CMEAN{T), CSO(I1)
WRITE(6,1)2) VMIN(L)
I)
1

'

v VMAX(I}, VMEAN(I), VSO(I)

s PMAX(LI), PMEAN(L), PSDI(I])

by PFMAX(1)y PFMEAN{I), PESDI{I)

WRITE(6,113) PHIN(
WEITEL6,114) PFMIN(
WRITELEL1S) Kur(])

110 FORMAT (10, TLE, "IN, T28, "MAX ' 4 T38, "MEAN' , T48, tSTO=DEV ')

111 FGRMAT (100, "CURRENT 'y T16,4 (F8.3,2X))

112 FORMAT (' # "WOLTAGE 'y T10,4(F8.3,2X))

113 FORMAT (¢ C, tPOWER ', TLo,4(F8.3,2X))

114 FORMAT (0 1PGKER FACTORY T16 4 (FB.6,2X))

115 FORMAT(NDN (ET.2, 0 Kl t)




READ(99'™1) DUMMY, C, V, Py, PF, T
WP‘]TE((‘)y/Oh,)Ty Cy V! p' pF
47 FOPMAT ('O, 'END OF CURVE: TIME=',F10.0,' SEC. CURRENT=!,F8.,3,' A
IPS, VOUTAGE='",FB.3, ' VOLTS., POWFR=',F8.3,' KW.y POWER FACTCR=',F6
24)
G TO 70
49 WEITE(64+51) T4 KOUNT )
51 FORMAT{ '— ', 'CURVE NUMBER',I4,% IS A TYPICAL CURVE. THERE ARE ¢, |
1, ' CURVES THAT ART SIMILAR WITHIN THE SPECIFIED LIMITS. ')
[2=11-1
DO 50 K=12,J1
[F{NO(K)Y.EQ.~1) GO 10 50
IFICCIKY.NELLe) G0 TO 50
KPTLl=TP(K) '
KPT2=TP(X+1)
READ(99'XPTL) DUMHAY,C,V,.P,PF,T1L
READLI9G WP T2) DUMMY,CyViP,PFsT2
WRTITE(ELL6) Ky Tl, 12y KWH(K)
116 FORMATL YO s TT241343X,F640¢'=1:F6.0," SECo" 44X FT.2,"' KWrlat)
CC{K)}=2. :
50 CONTINUE
IF(GRAPHLER. L) GO TO 48
1PT1=7TP (1)
IPT2=TP(I+1)
PEADI99VIPTLY DUMHAY C oV P,PF,TL
READ(9SG VIPTZ) DUMMY  Cy VP PF{T2
K=TP{I+1)=TP(I)
IF{K.LT.0) K=0-—
WRITE(SSH,117) 1y Ky YTl¢ T2,y CMIN(I)y CMAX({I), CMEAN{I),
1 CSDUI)y VHINCI)y VMAX({1}, VMEANIT), VSD(])y PMINCI)y PMAX(I),
2 PHMEAN(I), PSO{I)y PEMIN(I): PFMAX{1)s PFMEAN{I)y PFSD(I}
117 FORMAT(20(A4Y)
DO 80 K=Nly Ml
READ{9Y 'K) DUMMY, C, V, Py PF, T
80 WRITE(96,118) Cy Vy, Py PFy T
118 FORMATI(S5(A4)) -
48 WEITE(6,110)
WRITE(G,L1L) CHMINCI),y CMAX(I}, CMEAN(T), CSOD(I)
WRITELO4112) VHMINII), VMAXI1Y, VHAEAN{D), VSD(I)
WRITE(GyL13) PMINGI), PMAX(1), PMEAN(L}, PSD(I)
WRITE(E,1L4) PFRFMAIN(T), PF*AY(I); PEMEEN(T), PFSC(I)
WRITE(G52) ~
52 FOMAT (10" 42X, "TINE Y 17X s "CURRENT F ¢ LOXy 'VOLTAGE Y ¢ 17X,y "POWERT 3 LTXy
IPSGWER FACTOR!') ‘
WRITE(E,53)
53 FORMAT(' 1,2X, '[SEC) ', 16X, VEAMPSY U 17X,y Y{VOLTS) 'y L7 X VKW Y)
WRITE(€E454) : : '
54 FORMATU Y+ v, 2y YelOXy ' Ve loXy Y IRy Yy 17X
L )
1D=N1
JR{CMEARNIT) sl f 024 e ANDHML=-NLI+1.GT. 30) 63 TO &2
DA 6O K=l M) :
READ(OCYIY) DUMMY LG, Vy Py PRy T

406
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60 WRITF(6461) Ty Cy Vy Py PF
61 FORMAT('Q', 2X, Flu.Jy 11X, F3.3,y 15X, F8.3y 16X, FB8.3, 14Xy, F6.¢
GO 10 70
62 N2=N1+30 .
DG 63 K=N1,N2
READ(29 1) DUMMY,C, V, Py PF, T
63 ‘/\'PITE(&,@I’ Tv C? V1 Pv pF
70 ITEMP=1D
C%*x
WRITE(6,109)
100 FORMAT( L")
IF{GRAPH,.ZQ.2) STOUP 19
S SYop
END
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SUBRCUTINE TIME

PURPOSE: TO DETERMINE THE BEGINNING AND END POINTS (TIMES)
0F ALL CURVES IN A SET OF DATA. THE ARRAY TP CONTAINS
THESE POINTS.

METHOD :  BY SCANNING ADJACENT POINTS AND CALCULATING SLOPE,
IT IS POSSIABLE TO DETECT THE BEGIANING GrR ENO OF A CURVE
(IE. WHEN THE SLOPE IS > GSLCPE). TG SAVE TIME AND AVCID
DEFINING CURVES FOR LOCAL CR NCOISE EVENTS, THE SLOPE 0OVER
SEVERAL (IFR) PGINTS IS CHECKED AND SCANNING OF INDIVIDJAL
PCINTS BEGINS WHEN GSLUCPE IS EXCEEDED.

USAGE:
CALL TIME

FUNCTIOCNS USED:
SLGPE
ABS

o
C %ok
C ek
Cex

ate o
A5

£>>

6

!

SUBROUTYINE TIME

COMMON TP(400) s CHMEANIA00) fVHEAN{400) ,PHEANT400) s PFMEAR{400)
COMMON CSDL4A00) s VED(4CO) ¢ -SDI400)  PFSDT400)

COMMON CMIN(400) , CMAX(400) y VMIN(3I0) (VIMAX{40D) y PHINT4I0) 4PHAX( 403}
COMMON PFMIN{400),PFMAXT400) 3N {400) ,CC{400) yKWH{400) /
COMMOM IINC 3 MAXCy MINV,y AKXV AINP y MAXP y MINPF s MAXPF s DUMMY 3 ITMFIN
COMMON T1:1D4dyJl,CyV,P,PF

COMMON GSLOPE,TFR,CEP

REAL YMAXCy. MINC, MAXV, MINV, MAXP, MINP, MAXPF, MINPF, KdH
INTEGER CsP,SAVE(50) TP -

PEAL R(5,2) -

REAL®8 DUMMY

SLAPE(AL,BLyA2,8B2)=(A2~-AL)/(B82-B1)

READ(99 L) DUMNY, R(141),y Vy R{1,2), PFy, T1
Ji=2 .

TP(l)=1

I=1FR

THE OUTER LOGP (6-12) DCES THE COARSE SCAN (IFR POINTS AT &
TINE) AND THE TMNER LGOP (7-11) DCES THE FINE SCAN (1 AT A TIME)
AND ACTUALLY DETERMIMNES THZ PCINTS.

READ SECCHD DATA PGINT AND CALCULATE SLCPE.
READ(GG ]} DUMMYr R(Zvl)y Vy R(ZQZ)f PFv 12
JROTHTFRGLE T IN) FIRND(sYI+TrR) .
TE( L, CiP )b JoUa AT {2y CLP L5000 GO TC T4




C>>
C>>
C>>

C>>

Co>
o>
o>
Co>

C ok
ok

14

15

93

94

409

DEDT=SLOPE(R{L,C%P) 4 TLR{E2,CHP},T2)
IF GSLOPE 1S EXCEELED GC TC INDIVIDUAL POINT
SCAN, IF NOT STEP UP TG NEXT IFR INTERVAL SCAN
IN CUTER LOCP. ‘

IF(ABSIDSDT).GELGSLOPE) GC TO 75

R(lyCﬁp):F(25C$P)

T1=72

GO TO 12 . '

INDIVIDUAL PGINY SCAN--—INITIALIZE & REZAD DATA

MFR=1~T1FR

TF{MFR ., LT«2) MFR=2

READ(99 *MFR~1) DUYMY, R(341)}, V, R(2,2),y, PFy T3

READ(9S 'MFR)Y DUMMY, Rl4,1)y V,y, R{4&42)y PFy T4

1C=0

KC=1

IFIMFR+1.6TIMFINY GO TO 13

READ(%Q'MFR+1) DUMMY Q(Svl)v Vo, Q(SyZ), PF' T85
CLLCULATE SLCPE A BETWCEN 1ST & 2ND DATA POINTS
AND SLCPE B BETWEEN 2MD & 3RD DATA POINTS.

A=ARSISLOPE(R(Z,CEPYyT23,R(4,C1P),T4))

B=ABS(SLOFE(Z{4,C80) T4, &(5,C3P),T5))
1 SLOPE A & B INUDICATE A TRANSITICON POINT, SAVE
IT AND CHECK SLOPE €N THE NEXT 2 POINTS.

IF(AGE.GSLOPE, AND. B GELGSLGPE) GU T3T I3

[F(ALTGSLUPE wNDe B LT GSLOPEY GO TS G4

SAVE(KC)=MFR

(C=KC+1

1C=0

G0 TO 10

IC=0

GN TO 10

IC=1C+1

IF{IC.LT.IFR) GO TO 10

JF{SAVE(L)GE.SAVE(KC=1)) GO TG 10

TP{JL)=SAVE(L) N

TPLJLI+1)=SAVE(KC-1)

Jl=J1+2
I=MFR+1

IF{T1.GT.I%FIN) GO TO 13

REAC(SO '] GUMMY, R{Lsl)y Vy RUL142), PF, T1

10

IFUID+4 LELIHFINY FINC(99YID+4)
GO TD 12 -
R{34CuP)=R{4,C4P}).

T2=T4

R{4,C§P)=R{5,Csr)

T4=T75 o

MER=MFR+L

GO TO 9

[=]+]1FR :
JE(T Uit 5 10 6




C ek
Cz:uk
Ci::{:
13 RETURN
END

410
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SUBROUTINE STAT

UR?OSE: THIS ROUTINE CALCULATES THE FOLLOWING STATISTICS

OF EACH CURVE POWER PARAMETER:
MIN
MAX
MEAN

I

" USAGE:

ot i o s it e s A S @S i i o . At St g ot il Anan ? T Pt A St it it M B2 i b Bk i Nt Bt St o T S A i Bt St Gt it A A A B B Y e s e Sy W S e s n o S T M S

SUBROUT
COMNMOHN
COMMON
COMMON
COMMON
COMMOIN
COMMON
COMMON
REAL MA
AL R
INTEGER

SUMC=0,
SUMV=2,
SUMP=0,
SUMPF=0

SUMCC=0.

SUMyv=0
SUMEP=0
SUMPFF =
KuS=0.
10=1]
FL.=0.0

THIS

DO 1 11
IF(1ID.L
IFL10.L
SUMvvV=S
SuMvV=SUy
IF(FL.E
SUMCC=S
SUMPP =%
SWiab =

STANDARD DeVIATION

N ADODITION, IT CALCULATES KILCWATT-HOUKS.

CALL STATY

INE STAT

TP{400) ,CHEAN(A400) , VMEAN{400) ;PMEAN(400) s PFUEAN(40D)
CSDL400) ,VSO(400Y,PSD(400) ,PFSD(4001)
CHIN{4Q0},CMAX{400])  VMIN(400) s VHMAX {400}  PMIN(400) 4 PMAX[400
PEMIN(4GO) ¢ PEMAX(400) 3 NC{400) +CC(400) K5 (400)

MIMC y MAXCy MINVy MAXV s MINP MAXP MINPF  MAXPF, DUMAMY , TMF IN

1o IDJsJLyCs VP PF
GSLOPELIFR,CHP :
XCy MINC, MAXV, MINV, MAXP, MINP, MAXPF, MINPF, KWH: KWS
DUMIY :

P

®
°
®

.

LO3P FINDS THE MIN, MAX, K®S., AND SUMS OF THE DATA.

=1,J

CIMFINY READ(SOYIC) DUMMY, Cy V, Py PF, T
EoIMETINY FINDIG9YIE) -
UMVV+VaEy

MYV

Oel.9) GO T3 2

UmCC+CC

UHDP+piEp

SUMPREFr+PERDE
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SUMC=SUMC+C
SUMP =S UMP+P
SUMPF=SUMPF+PF
IF(ID-1.67.1) GO TG 2
CHMIN(J1)=C
CMAX(J1)=C
VMIN{J 1) =V
VHMAX(JLY=V
PMIN(JL)=P
PMAX(J1)=P
PFMIN(JL)=PF
FMAX({ JL1)=PF
§=T"
pS=p
GO 10 1

2 TF(VLLTUMIN(JL)Y) VMIN(JL)=V
IF(V.GTVHAX(JILY) VRAX(JL)=V
IFIFL.EQLD) GO TGO 1
TF{CLTCHIN(JILY) CMIN{JL)=C
IF(C.GT.CHAX(JLIY) CHMAX{JL)=C
1IF(P LT PMINCILYY PMIN(JL)=P
IF(PGT.PHALIJLY) PMAX(J)L)=P
IF(PF.LT.PEMIN{IL)) PFFMIN(JLI=PF
IF(PF.GTLPEMAXLILYY PFMAX{JL}=PF
KwS=KuS+{2S5+P)/2%{T=5)
JF{SUMCLEQeD.D AND: SUMPLEQ.D.0) FL=1.0

=T
PS=p
1 CONTINUE

C;’ﬁ:,': R
(e CALCULATE KiwHey, MEANS, AND STAHNDARD DEVIATIONS.
Coex

Ked+l-1

IF(FL.EQs2.0) GG TO 3

KWH({J1 1 =KWS/3500. -

CMEAN(JL)=SULMC /K
VHMEAN(J L) =SUMV/K
PMEAN{J1)=SUMP/K
PEMEAN(JL)=SUMFF/K
SUMC=SUNCC—K=CMEAN{JL) %%x2
SUMV=SUMVV-KSVMEAN{JL) %52
QUUP=SUNPP~KXPMEAN{JL) Xx%2
SUMPF=SUMPFF—K%PFMEAN(JL ) #%2
IF(TJLELIHFINY FIND (99t1)
IF(SUMCLTo0e) SUMC=SUHMC*{-1,)
CSD(JL)=SART(SUMC/K) ‘
TFLSUMV . LTLC.) SUMV=SUMYR(=1.)
VSD(J1 ) =SRRT{SUMV/K) _
IF(SUMP.LT.0.) SUMP=SUMPx(-1.) -
PSO(JL)=SQFT1{SUMP/K) ‘
IF(SUMPF.LT.04) SUMPF=SUMPFx(~-1,)
PESDIJL)=SUnT{SUMPE/K) i
LETURN
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CMEAN(JL
PMEAN(JL
PFHEAN(JL.
CSD(JL1=0.
PSD(J1)=0.0

PFSD(J1)=0.0

VHEAN(J L) =SUMV/K
SUMV=SUMVV-K=EVMEAN(J L) %%2
IF(SUMV.LT.0.) SUNV=SUMV%(=1,)
VSD(J1L)=SGRT{SUMV/K) -
RETURN

END

3 KWH(JI)=O.
Y=
)=
)

0
5.0
0.0
=0,
0
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SUBROUTINE TEST

PURPOSE: THIS PUOUTINE DOES THE TEST TO DETERMINE IF A CURVE
IS TYPICAL.

USAGE :
CALL TEST(14J,RESLT)

1 & J - INDEX NUMBERS UF CURVES BEING COMPARED.

RESLT —~ RESULT, =1 IF CURVES ARE SIMILAR, |

=0 OTHEFWISE. | L

FUNCTIONS USED:
ABS

SUBRGUTINE TEST(]JyFESLT)

COMMOUN TP{43D) yCHEANI4D0) , YHEAN(4D0) s PHEANT 400 )y PEMEAN(400)
COMMON CSD(400),VED(400),PSO{400) «PFSD{400)

COMMON CAIN(400) , CMAX{400) y VHMIN{400]) yVMAX{400) ,PMIN(400) ,PMAX(4QCC
COMMOUN PEMIMN{S0D) s PFMAXTA40D) o NC[4D0),CCL400) s KUH{40D)

COMPON MIMC, MAXCs MINV MAXY g MINPy MAXEP (MINPFE 3 MAXPF, DUMMY ¢ I MF IN
coMMan IIVIDVJJ'J11C7V101PF

COMMON GSLOPE, IFK,CHP

REAL ™MAXC, #MINC,y MAXVy MINV, MAXP, MINP, MAXPFy MINPF, KWH
INTEGER Cs5P,TP

REAL=E DUMMY

RESLT=0

IF(C$P.NE.1) GO TO 50

PERFOEM TEST CALCULATICNS I1F CURRENT PARAMETER
WAS SPECIFIED —

TSTL=ABS{CMEAR(T)-CMEANTJY)
TST2=ARS(CSD(I)-CS50(J))
TST3=ABS(CMAXCTI-CHMAX(J))
TST4=A3S(CHMIN{T)-CMIN(IY))
RANGE=CMAX{T)-CHIN(])

Gd 10 100

PERFORM T&ST CALCULATIUNS 1F PCWER PARAMETER
WAS SPECIFIED

TSTI=AGSIPMEAN(I)-PVFEANLJ))
TST2=ABS(PSD{I)~PSD(JI))
TST3=ABS(PMAX(I)~CMAK(J))
TSTA=ABS(PHAIN(T)~PMIN{J))
RANGE=PMAX(1)-PMINLI)Y =

e Tes TEST CALCULATICAS VARY BEYUNC THE LIMITS
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SPECIFIED, THE CURVE TESTED IS NGT TYPICAL.

100 TF(TST1.6T.10.) RETURN
IF(TST2.GT.(.C5*RANGE) ) RETURN
IFCTST3.6T«10.) FETUERN
1F{TST4.6T.10.) RETURN

RESLT=1
RETURN
END
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30
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INTEGER*2 A(1400),B(1400),C(1400)
REAL D(6,1400)
REAL*8 CUR(2,300),PWR(2,300),V0LT(2,300),PF(2,300)

CALL INITQ(A,B,C,D,1400)
READ(S5,6,END=8) ISIZE

FORMAT(13)

DO 30 1=1,1SI1ZE

READ 21,CC,VY,P,PFF,T
FORMAT(5F10.3)
CUR(L, 1)=T

PF(2,
CONT I NUE

CALL GRAPHN('SECOMDSS', "WOLTSS',VOLT, ISIZE, 1)

CALL GRAPHO('SECONDSS', '"CURRENTS',CUR, ISIZE, 1)
CALL GRAPHO('SFCONDSS','PCWERS',PHR, ISI1ZE,1)

CALL GRAPHO('SECOHDSS', 'POWER FACTORS',PF,ISIZE, 1)
GO TO 20

STOP

END
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THIS PROGRAM CONVERTS THE DIGITIZER TAPE TC AN
INTERMEDIATE FORM PRIOR TO THE ANALYSIS STEP.
ALL ERROR RECORDS ARE BYPASSED AND RECORDS WITH
INCORRECY FORMAY ARPE ALSO BYPASSED.

THERE IS ONE PARAMETER CARD THAT IS INPUT TO
THIS PROGRAM:

COL. 1- NO. OF MACHINES FOR WHICH DATA IS BEING
RECORDED ON THE INPUT TAPE.

COLS. 2-3 FILE NC. TO WHICH DATA IS BEING

WRITYEN {(SHOULD AGREE WITH THE DD CARD
LABEL PARAMETER}) .

COONOOOO0ON OO0 N

REAL#4 NUM(3,44,4)/48%0.0/,D1,0D2
LOGICAL*1 MANUAL(6) ,BUFF(224)
LOGICAL*4 CEQ.CNE
INTEGER*2 HH MM¢SSyFILELLIT(4)}/'C *5'V t,'p 1, DR/
KK=0
KFERR=0
KNT=0
READ(5,100) MACH.FILE
100 FOFMAT{TL,12)
JI={32+MALH*64)

C THIS SECYION READS A RECORD AND CHECKS ITS FORMAT,
C BYPASSING IT IS WRONG OR WRITING IT TO DISC IF
C IT IS RIGHT.

TO0 KNT=KNT+1
READ(94701+FRR=9999,END=11) (BUFF(I),I=1,JJ)
DO 10 I=1,32
IF(CEQ{RUFF(I )+ '+, 1) .0R.CEQ{BUFF(T},*.",1).0R,
ICEO{BUFF(I),"'=*,1)) GO TO 9998
10 CONTINUE
WRITE(14,701) {BUFF(I},I=1,JJ)
701 FORMAT(224A1)
WRITE(LG+713) KNT, (BUFF({I),I=1,4J)

GO TO 700
11 ENDFILE 14
REWIND 14
C ____________________________________________________________________________
C READ RECORDS FROM DISC, ACCUMULATE STATISTICS, AND
C WRITE TO INTERMEDIATE TAPE WHICH GUES TO ANALYSIS STEP
C ;

1 READ(14,101,END=9G) MANUAL ¢HH, MM, SSq((DI NUM(T 4y Jds1) D2,
1J=1+4)4 =1+ MACH)
L0l FORMAT{T7,6A41,T22¢1241Xs1241X,12, 3X 12(A44F11.54A1))
WRITE(LI2,200) HHeMMSS, (INUMIT +Ja1) sd=1,44),1=1,2)
230 FORMAT(312,12(044))
. KK=KK+1
[F(KK«NESL1} GO TO 2.
JH=HH
[ M=MM
1$=SS




2 D0 5 I=1,MACH
DO 4 J=1.4 ' 416b
[F(KK.NEL1) GO TO 3
NUM{ T J,y2)=NUM(T+Js1}
NUM(T oJs3)=NUM{T+J,1)
GO 70O 4

3 TFINUMIT s 2) eGTONUM(T9dy 1)) NUMOT,J92)=NUM{T+J,s1)
[FANUM{IT Ja3) oLTeNUMIT»Jel)) NUMIT4J,3)=NUM(T,J,41)

4 NUMIT »Je4)=NUMIT s Je 4t +NUM( T, d,1)

5

CONTINUE

GO TO 1
£ e e e e e e e o o it e e o o e e e S S e . . o e £ e o S e o
C PRINT STATISTICS
C

99 WRITE(6,102} MACH MANUALFILE+IHIM,IS,HH,MM,SS
102 FORMAT('1'y4X, 11yt MACHINE(S) DATE: '46AL," FILE # = ',12/
LY P, PTIME SPANT "ol 2 038,012,000, 02,'=",12y031,12,%21,12)
DO 12 I=1.MACH
. WRITE(6,201) 1
201 FORMAT('OQ!', "MACHINE # '411/%' ',T12, "MIN',T24, "MAX',T36, 'MEAN')
D3 g9 J=1+4
NUM{T+ds4)=NUMIT,Jds4) /KK
WRITE(6,202) LITOJIY s (NUM{T »d4K) sK=244)
202 FORMATI{'O'sT6,A2,T12,FL1e5+T244+F11.5,T736,F11.5)
9 CONTINUE
12 CONTINUE
ENDFILE 12
WRITE(6,205) KK,KEPRPR

205 FORMAT{'3%',16,' RECORDS WRITTEN =~ '4I4,' ERROR RECORDS BRYPASSED'/
1v1Y) :
SToe
C ________________________________________________________________________________
C ACCUMULATE ERROR COUNT
C

9998 WRITE(B8,710) KNTL{BUFF(1),I1=1,JJ)

T10 FORMAT(' ' T14,'5',128A1/" ',96A1)

9999 KERR=KERR+I

‘ GD 70 700
END
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DIGITAL RECORDER ANALYSIS PROGRAM
JOB CONTROL AND DATA INPUT PARAMETERS
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APPENDIX IX -~ DATA ANALYSIS PROGRAM JOB CONTROL
AND DATA INPUT PARAMETERS

To obtain the intermediate tape using '"MCNV," the original digitizer
tape and the following card deck are submitted to the Penn State Computer

Center:

/*TAPE MINEO1l,WRITE,L
/*TAPE RHKO2,READ,D
// EXEC RUN,PROG=WTLOG,PARM='MCNVO#10"
// EXEC FHG :
//DATA.DECK DD *

(OBJECT DECK)

/*
//DATA.FTO9F001 DD UNIT=2400,VOL=SER=DWNO2,

// LABEL=(1,NL),DCB=(RECFM=FB,LRECL=96,BLKSIZE=96)

//DATA.FT12F001 DD UNIT=2400,DCB=(RECFM=TB,LRECL=54,BLKSIZE=5400),
// VOL=SER=MINEOL,LABEL=(2,SL),DSN=STDO1

//DATA.FT14F00L DD UNIT=SYSDA,SPACE=(CYL,10),DISP=(NEW,PASS),

// DCB=(RECFM=FB,LRECL=96, BLKSIZE=3360)

//DATA.FTO8F001 DD SYSOUT=A

/ /DATA.FT19F001l DD SYSOUT=A

//DATA.INPUT DD *

102
/% ~
The data parameter card has the following format:
Column 1. The number of machines monitored
Columns 2 and 3. The file number. Data is written to the
file number and should agree with the label
parameter number on FT12F001 DD (data definition)
job control card.
The succeeding job control changes must be considered prior to each
run:

1. The DD cards for the digitizer tape (FTO9F001) should be
altered as follows:

a. Set "LRECL" (record length) and "BLKSIZE" (block size)
to 96, 160, or 224 to accommodate data from 1, 2, or 3
machines, respectively.
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b. "VOL=SER=MINEQ1l" should be changed to the unique
name written on the tape cannister,

2. The output tape (FT12F001) job control DD cards should
be changed in the following ways:

a. '"VOL=SER= _ ". Insert the intermediate
tape reel name in blank.

b. . "LABEL=(n,SL)". 'n" will deéignate the tape
positioned file to be written.

c. Change "STDO1" to "STDOn" (do not change FT12F001).
3. Refer to:
IBM System/360 and System/370 Operation System: Job

Control Reference, International Business Machines
Corporation, 3rd Ed., March, 1972,

Available from IBM, Programming and Systems Publica-
tions, Dept. D58, P. O. Box 390, Poughkeepsie, New
York 12602.

4. The tape cards at the beginning of the run cards will
tell which tapes (valume names) are being used by the
current job. They also indicate the protect status
for the tape:

WRITE. The program can be read from and
written to the tape.

READ. The program can only be read from
the tape.

The names, "DMW02" and '"MINEOl," should be changed to
correspond with current tape labels. They also indicate
the tape source, either submitted with job (D) or in
system library (L).
The "MC1-MC2" program accepts the intermediate tape produced as
primary input. Also, one parameter card is required. A plotting program

may be run using the BAT (Batch and Terminal) files created if the "GRAPH"

parameter is specified.
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!/ TAPE=MINEQL, OUT

!/ END OF TAPE CARDS

// EXEC RUN,PROG=WTLOG, PARMr'MCl—MCZ@#Z@'
// EXEC FHG

//DATA.DECK DD #
(OBJECT DECK)

/%
//DATA.FT0O8FO01 DD UNIT=SYSDA,SPACE=(CYL,10),

// DCB=(RECFM=VS,LRECL=24,BLKSIZE=28) ,DSM=&&T,

// DISP=(NEW,PASS)

/ /DATA. FT09F001 DD DSM=&&T,VOL=REF=%, FT98F001,

// DISP=(OLD,PASS)

//DATA.FT12F001 DD UNIT=2400,DCB=(RECFM=FB,LPECL=54 BLKSIZE~5400),
// VOL=SER=MINEO1l,LABEL=(1,SL),DSN=STDO1

//FT96F001 DD UNIT=BAT,FILES=($X1,$X2, $X3)

/*USERID RHKO2

//DATA. INPUT DD *

1P 05 0.00 150.75 630.00 150.75

The parameter card has the following format:

Column 1. "MACH" specifies whether the first, second,
or third machine is to be analyzed; if blank,
"1" is assumed.

N

Column 2. "CP." 1Insert "C" or "P." '"(C" means the current

parameter will be used to determine typical

determining paraméter.

Column 4. "GRAPH." When set to "G," column 4 causes
typical curve data to be passed to the graph
program.

Columns 9 and 10. "IFR." This is the interval or frame
size for scanning (filtering) data when
determining curves.

Columns 31 to 40. "GSLOPE," the slope threshold for
determining curves. 1If blank or zero, it is
computed as the average of current or power
(dependent on "CP") divided by IFR+2.

Columns 41 to 50. "CCUR."

Columns 51 to 60. ''CVOLT."

Columns 61 to 70. '"CPWR."

curves or events. Otherwise, power will be the

1.0
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Columns 71 to 80. "CPF."
Columns 41 through 80 are fér thé correction factors’(for
current, voltage, power, and power factor -
in that order) to transform analog t
actual values.
The DD cards for the input tape (¥T12F00l) follow the same conventions as
in "MCNV."
The "MPLOT" program is executed at a later time by inputting the
BAT files (essentially card files stored on disk for later retrieval by
their name assigned at creation time). This allows the user to eliminate
any graphs by rejecting those cards for the typical curve definition.
Further, unreasonable or "noise".data can be omitted before graphing, as
in the case where little is known about the nature of the data (e.g., an

error record due to the digitizer). Output of the program is a set of

card decks that can be used to plot the typical curves on a Calcomp Plotter.




APPENDIX X

GLOSSARY OF DIGITAL RECORDER ANALYSIS
PROGRAM VARIABLES
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APPENDIX X ~ GLOSSARY OF VARIABLES

Analysis Program Variables

c
cc
cce
CMIN
CMAX
CCUR
CVOLT
CPWR
CPF

cp

Cc$P

CMEAN
Csh

DUMMY

GSLOPE

IC

IFR

IFMT

i

]

A particular current data entry

Indicator used in determining typical curves

This character variable has the valué e

Current minimum of a curve

Current maximum of a curve

Correction factor for current

Correction factor for Voltage

Correction factor for power

Correction factor for power factor

The character "C" or "P" is entered in "CP" to state which
power parameter (current or power) is used in typical curve
definition

Has the value "1" if current is used to define typical curves or
Has the value '"2" if power is used to define typical curves

Current mean of a curve

Current standard deviation of a curve

The accessing method requires that "RECFM" = '"VS" (variable and
spanned) be specified in the "DD" cards. This in turn causes
eight extra bytes to be inserted at the front of each record.
To retrieve a record, it is then necessary to read in the
"REAL*8" wvariable "DUMMY" (which is ignored) along with the
desired data,

A slope value that must be exceeded to define curve beginning
or end points. If "GSLOPE" input is zero, "OPT" value is
passed to "GSLOPE."

Counter in "TIME" subroutine that indicates the number of
adjacent points that are surrounded by line segments having
slope less than '"GSLOPE" ‘

Frame size or time interval in seconds used in calculating the
slope of the current or power curve

Input data format array




IMFIN
ID
JIMAX

KC

KOUNT

MINC
MAXC
MINV
MAXV
MINP
MAXP
MINPF
MAXPF
NO

OPT

PF
PMEAN
PFMEAN
PSD

PFSD

i

it

It

]

1

It

It
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Total number of data entries
Index to random disc file
Total number of curves or events in the data set

Used in the "TIME" routine to identify stored possible curve
begin and end points '

Number of curves with similar statistical values. If "KOUNT">
three the group of curves is defined "typical."

Kilowatt hours

An integer variable calculated in the "TIME" routine represent-
ing the time in seconds that individual point scanning begins
for curve begin and end point definition

Current minimum of all data

Current maximum of all data

Voltage minimum of all data

Voltage maximum of all data

Power minimum of all data

Power maximum of all data

Power factor minimum of all data

Power factor maximum of all data

Indicator used in determining typical curves

Optimum slope or a slope value calculated within the program that

must be exceeded by "D$DT" of the "TIME" routine before a curve
can be defined. When "GSLOPE" equals zero, the value of "OPT"

passes to "GSLOPE." "OPT" = mean of power/("IFR" + 2) or mean

of current/("IFR" + 2) depending on '"CP" parameter.

A particular power data entry

A particular power factor data entry

Power mean of a curve

Power factor mean of a curve

Power standard deviation of a curve

Power factor standard deviation of a curve
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PMIN = Power minimum of a curve

PMAX = Power maximum‘of a curve

PFMIN = Power factor minimum of a curve

PFMAX = Power factor maximum of a curve

R = A 5 x 2 array for current and power data used in calculating

curve slope in the "TIME" routine. Allows selecting current
vs power for curve determination.

SAVE = A "TIME" routine array for possible curve begin and end times.
If the possible points are proved to be actual curve beginnings
and endings then the values of "SAVE(1)" and "SAVE(KC-1)" are
passed to "TP(J1)" and "TP(J1 + 1)."

SLOPE = A statement function that calculates the slope between two
: points

TH = Time data entry .in hours

™ = Time data entry in minutes

TP = Array containing time in seconds (index) of curve begin and

end points

TS = Time data entry in seconds

TOTL = Total of all current entries

TOT2 = Total of all power entries

v = A particular voltage data entry

VMEAN = Voltage mean of a curve

VSD = Voltage standard deviation of a curve
VMIN = Voltage minimum of a curve

VMAX = Voltage maximum of a curve

Graph Routine Variables

A = Work space for the QDGS (Quick Draw Graphics System) Subroutines
B = Work space for the QDGS-Subroutiges

BEG = Start point of curve in seconds |

I =

Work space for the QDGS Subroutines




cc

CVR

END

NUM

OPTION
PF
PFF

PP

PWR

SIZE

VOLT
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= Individual current datum point

Current array
Work space for the QDGS Subroutines
End point of curve in seconds

The number associated with this typical curve (the occurrence
order in the data)

An integer (-1, 0, 1) for graph type preferred

Power factor array

= Individual power factor datum point

Individual power datum point

Power array

Number of points contained in curve to be plotted
Individual time datum point

Voltage array

Individual datum point




APPENDIX X1

DIGITAL RECORDER PROGRAM
OUTPUT EXAMPLES
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APPENDIX XI - DIGITAL RECORDER
PROGRAM OUTPUT EXAMPLES

The program provided in Appendix VIII has two primary outputs:
Standard Computer Printout and Calcomp Plotter tracings. The illustra-
tions available in Figure 99 give an example of the latter type and
represent the typical power parameter of a 485 a-c Torkar during tramming
(loaded) from the mine to the dumping point. Another ekample of this
particular operational cycle is Figure 91, Appendix II, but is from strip
chart recordings. The illustrations in both figures are very similar
although much greater resolution is provided with the digital system.

The maximum current level provided by the strip charts is 1504,
but Figure 99b indicates that during peak loads, current reaches approx-
.imately 185A. The voltage drops in the latter part of Figure 99¢ are a
result of the continuous miner starting (maximum, 475V; minimum, 413V).
Strip charts only provide 460V maximum and 420V minimum, for the same
situation.

The power factor output in Figure 99d illustrates the restrictioms
placed on both recording systems by thé‘transducér. The zero output
levels are (more than likely) created by the fluctuations in current.
Because current turns the transducer's multivibrator off, large fluc-
tuations in the rms current level confuse the circuit, and result in
zero output.

The 8CM Joy continuous miner (operating in the same section) was
having starting problems (the magnetic contactors would not hold). This

resulted in several start—stop~s£art—stop'operations. The effect on
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voltage levels 1s shown in the latter part of Figure 100, a strip
chart output. Furthermore, a similar fype curve from the digitizer
system is illustrated in Figure 101, and again shows higher resolu-
tion of these voltage drops.

A specific advantage in the digital recorder technique is that
the output can be adjusted to show the detail needed. The strip
chart recordings are restricted by the original medium.

An example of computer printout is available in Table 37, and
the machine was the same 48S Torkar. TFor reasons of brevity, only
the first typical and atypical curves are given, vThe output includes
the following:

1. Original correction factors and input parameters.

2. Overall maximum and minimum power parameters valués.

3. Typical curve statistics and data points.

4, Atypical curve statistics.

Only a few examples are provided in the appendix, but these show
adequatély thé superiority of the digital recorder system over the

strip charts.
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Figure 99a. Typical Tramming Power Cycle for a 48S Torkar
(a—c) Traced by a Calcomp 1401.
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Figure 99b. Typical Tramming Current Cycle for a 48S Torkar
(a~c) Traced by a Calcomp 1401.
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Figure 99c. Typidal Tramming Voltage Cycle for a 485 Torkar
Traced by a Calcomp 1401.
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Figure 99d. Typical Tramming Power Factor Cycle for a 48S
Torkar (a-c) Traced by a Calcomp 1401.
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Figure 100. Strip Chart Voltage Output
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Figure 101. Calcomp 1401 - Digital Recorder Voltage Output.




Table 37. Digital Recorder Output.

CORRECTION FACTORS:

C 150.0000
V 750.0000
P 150.0000
PF 1.0001

SLOPE THRESHOLD
FRAME SIZE 3

TOTAL RECORDS: 4769

MIN
CURRENT 0.0
VOLTAGE 395.250
POWER 0.0

POWER FACTOR 0.0
OPT. SLOPE THRESHOLD =

"CURVE NUMBER
THERE ARE
THE SPECIFIED LIMITS.

1
5
19
35
39
53

MIN

CURRENT 0.0
_VOLTAGE 404.250
POWER 0.0
POWER FACTOR 0.985060

1.0000

MAX

186.600 AMPS.
490.500 VOLTS
66.750 KW.

1.0000

1. 84AMP/SEC

1 IS A TYPICAL CURVE.
6 CURVES THAT ARE SIMILAR WITHIN

0.- 263. SEC.  0.00 KWH.
314.- 407. SEC.  0.00 KWH.
578.- 612. SEC.  0.00 KwH.

1117.- 1406. SEC.  0.01 KuWH.
1436.- 1485, SEC.  0.00 KWH.
1714.- 1990. SEC.  0.01 KuWH.
MAX MEAN STD-DEV
0.450 0.216 0.209
477.750  464.484 15.995

- 0.430 0.130 0.088

0.998599 0.989515 0.006434
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TIME
(SEC)

—
—t
.

13.
14,
15.
17.
18.
19.
20.
21.
23.
24.
26.
27.
28.
29.
31.
32.
33.
35.
36.
37.
39.

—
O WO T W NN -
. . . . . . o . .

CURRENT
(AMPS)
0.450
0.0
0.300
0.450
0.450
0.450
0.450
0.300
0.450
0.300
0.450
0.0
0.300
0.450
0.0
- 0.0
0.0
0.300
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0 .

0.0
0.450
0.0

VOLTAGE

(voLTS)

467.
466.
465.
468.
465.
462.
465,
465,
465.

468.
468.
467,
468.
468.
467.
467.
466.
468.
466.
467.
469.
468.
468,
469.
468.
469.
468.
471.
476.
475.
473.

250
500
750
000
750
750
000
750
000
000
750
250

OO O O O O O O O O© O O O O O O O O O O O O© O© O o Cc O o O
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POWER FACTOR

. 9854
.9854
.9854
.9854
.9854
. 9854
.9854
. 9854
.9854
. 9854
.9854
.9854
.9986
.9986
. 9986
.9986
.9686
.0854
.9854
. 9986
. 93986
. 9986
.9854
.9986
.9854
.9854
.9859
. 9854
.9858
.9858
.9858
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THE STATISTICS OF CURVE NUMBER 2 ARE: 3 POINT(S)

BEGINNING OF CURVE: TIME = 263. SEC., CURRENT =

VOLTAGE = 456.750 VOLTS, POWER =
POWER FACTOR = 0.9986

MIN MAX MEAN STD-DEV
CURRENT 0.450 57.450 28.850 23.271
VOLTAGE 450.750  456.750  453.000 2.700
POWER 0.0 54.150 22.300 22.116
POWER FACTOR 0.357665 0.998599 0.617735 0.275249
0.07 KWH.
END OF CURVE: TIME = 266. SEC., CURRENT =

VOLTAGE = 451.500 VOLTS, POWER =
POWER FACTOR = 0.4969
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0.450 AMPS.,
0.0 KHW.,

28.650 AMPS.,
12.750 KW.,






