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Trans. Zrans, loss Natt Length {ire 1°3 Loss W.Hr. Trans. Copper Total 
No. 24 hrs/day Hrs. Service B8izo w / hr. Loss/dey Loss W.Hr./dey Loss 

1 20 480 1600 4 1.6 4.8 48 
lkvsa 1400 4 1.4 462 

; 537 
2 24 8%6 1500 4 4,9 14.5 66 
15kva 1200 4 27 8.0 

= en 665 
3 29 696 1500 4 60 18.0 80 : 
2kve 2000 2 12.5 37.0 

831 
4 24 576 500 4 0.3 1.0 66 
lskva 1100 A 1.0 3.0 

: : 646 
5 29 696 2200 4 5.6 14.0 80 
2kva 2300 4 Beeb 7.0 

N97 
6 35 840 2100 4 20.8 52.0 163 
dskva 1500 4 17.0 51.0 

: 1106 
7 60 1368 900 4 8.3 20.0 630 
Tskva 1500 4 ed 1.0 

2011 
8 35 840 325 = 

3skva 1165 

9 35 840 325 
Sskva 1165 

10 35 840 163 
3skve 10038 

311 29 696 1600 - 4 Ze 10.0 100 

Srp O00) Q hal) 831 

LEAVE 1400 4 Oe4d LO. - 

571 70 1680 1.700 6 £2.40 67 « 2 515 
Okve 1,500 6 9.50 £8.50 

500 6 0.75 =P +20 
600 6 0.67 2.00 

J 2095 

1409 33 oz | School 114 

3kva. : 906 

237 43 1032 1,200 6 7.00 21.00 3:8 

bkve nt 1381 

3000 70 1680 1,200 : 8.70 26410 280 
10kve 1,600 6 168.00 420.00 

: 2406 

3002 70 1680 Feed drug store 350 

10kva 
— 2030 

2383 33 792 800 6 38.00 - 114.00 304 

Bkve Sign + 1560.00 ata 
: 1360 

3007 70 1680 3,200 6 210.00 210 a 

10kvae 1890 

1377 43 1032 600 6 6.50 19.50 200 

5kvea rE 1=52 

3022 43 ; 1032 Range 

5kve. 80 4 15,00 45,00 250 a 
1327 

1764 57 1368 1,000 6 1050,0&¢ 3150.00 330 SE 

nikva 2 5468 

1552 35 792 Power bank 3kva each 228 
15563 23 792 228 cee 

2040 

Ram 45 1032 power bank 5kve eack SLB 
223 2 1032 328 er 

£7250 
Grand total w.hrs./day 54,383 
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An attempt is made in this thesis to explain 

the method of revising a secondary distribution 

system, and to point out the obstacles encountered, 

giving methods for overcoming these obstacles. 

Distribution systems are divided into two classes: 

first, primary distribution, which covers the transmis- 

sion of high voltage electric energy to the point or 

nesr the point of consumption; and second, secondary 

distribution, which begins at the transformer or broad- 

ly speaking at the end of the primary line,cand extends 

$0 the consumers outlet. 

The second class of distribution is the class con- 

sidered in this thesis. For the working base of the 

thesis & section, typical of the mass of secondary 

systems, of city distribution was chosen. This section 

includes the distribution of three phase power; single 

phase two wire, and single phase three wire electric 

energy. 

As the distribution of three phase power is lesser 

importance from a secondary standpoint due to the loca- 

tion of transposition centers at the point of consump- 

tion, only the transformer losses will be considered. 



In the single phase distribution, however, a detail= 

ed analysis of the revision and the problems encoun- 

teredwill follow. 

As this system was bullt years ago the revision 

is not merely from an economic standpoint of over- 

coming line losses, but largely for the supply of the 

increasing demands for service and the replacement of 

construction that hes been condemned or become obselete. 

Present laws governing secondary distribution are 

few, but evidence of coming laws necessitate the forma- 

tion of standards of construction which will meet the 

demands of the public. These standards are chosen for 

safety, conservativeness, and uniformity of construc- 

tion. As pole lines are undesirable at their best, the 

problem of uniformity of construction becomes important. 

The standards set forth for this thesis are derived 

from the West Penn Power Company hand book, and from 

practices of the Knoxville Power and Light Company; end 

are as follows: 

1. All poles carrying primary lines or arc cir- 

cuits must be 35' or more in height, giving a clearance 

of at least 28 feet. 

2. Poles carrying secondary only must be 30 feet 

or more, giving a minimum clearance of 22 feet. 

3. Stubs and trolley guy poles may be 256 feet in 

height. 

4,A11 poles(except stubs) must be class A greosote 



pine. 

5. Primary conductors and are conductors will be 

carried on standard X-arms, using 2300v glass insule- 

tors. The framing will be standard cross arm framing. 

6. Secondary conductors will be carried on five 

spod secondary racks,attached with one thru bolt and 

two lag screws. (On dead ends two thru bolts and dead 

end straps will be used) 

7. Never creep anchors or stubs, properly insu=- 

lated with strain insulators, must be placed at all 

points subjected to strains not carried by the line. 

8. Transformers will be hung from the following 

detailed construction. 

a. Transformer poles must be framed with 

double cross arms. 

b. A clearance of 6 feet mest be allowed 

between the top cross arm and the secondary rack. 

¢. The transformer will be hung so that a 

clearance of 2 feet exists between the top of the 

transformer and the secondary rack. 

d. All transformers will be hung perpendic- 

ular to thestreet. 

e. Hach transformer will be protected with 

two primary cutouts, mounted on the cross arm 

opposite the transformer;two lightening arresters 

mounted beside the cutouts; and two choke coils 

mounted between the double arms. 

f. The secondary side of all transformers 



must have the neutral grounded with 5' copper 

ground rods. The connecting wire being covered 

with moulding .for at least 20' above the ground. 

ge. All poles must be set on property linen 

ad joining two lots thereby preventing the feed- 

ing of service to a customer across another cit- 

izens property. 

he, Conductor sizes will be determined by 

by the load carried. (no sscondary wire smaller 

then #4 will used) 

With these standards outlined the proceedure of 

the work will be next covered. Duplicate maps were 

made of the section in question. On map #1 all prop- 

erty lines, houses, and electric circuits were plotted. 

The legend on the map explains the plotted work. On 

map #2 the same property lines and houses were shown, 

and the proposed revision there plotted. The legend of 

this sheet is self explanatory of the dats there plott- 

ed. The pole locations were chosen so that all exist- 

ing houses could be served,and provision was made in 

the primary circuit routing for systematic extension 

to property not yet occupied. 

The secondary circuit distribution was divided into 

two classes; first,single transformer installations 

feeding individual secondary sections;and second, trans- 

formers connected in parallel feeding a network of 

secondary. 



The transformer locations were chosen by calcula=- 

ting the load centers of the respective loads connected. 

Wire sizes were determined from curves plotted betwee 

loads in amperes and distance in feet conducted allow- 

ing & 2% drop. The losd for both transformers and wire 

was arrived at by taking the total connected load, mul- 

tiplying by the diversity factor for the section,and 

allowing an incregse of 100% for expansion. Reference 

is mede to curves #1 for determining conductor sizes. 

The date for plotting the curves was obtained from the 

Condulet Handbook. 

The cost of the revision is shown in the data sec- 

tion. The saving in the distribution was arrivedat by 

determining the transformer and line losses of both 

systems. The transformer core losses are constant and 

continuous. The copper loss is the product of the loss 

in watts per hour for the conductor used, the length 

of the conductor, and the time a given load is in use 

per day. The saving figured in dollars per year is 

figured using 0.007% cents per kw. hr. as the cost 

of power . 

The most important part of the saving comes thru 

decrease in rate of depreciation and the decreased 

maintenance costs. For this problem the saving estime- 

ted ran 10% less in the new system. The total cost 

of the revision, based on 1925 figures of the Knoxville 

Power and Light Company, wes §9,702.89. This increase 
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Trans. No. Location No. Ser. Amps. Diver. Length Total Alwd Size Trans. Volts Watts ; Trans. Remarks 
per ser. Factor cond. ft. Amps. Lg.ft. Cond. Amps. Size 

1 Wilson Ave. - 7 25 0.20 780 4.0 1000 4 75 110 828 1 Light load at end 
8 2.5 0420 700 3.5 1200 4 line. Small drop. 

2 Alley N, of 12 245 0.80. 609 8.0 500 4 34 3110 1540. 1% 
Wilson Ave. 16 245 0.20 750 5.0 700 4 

3 Alley HN. of 16 2.5 0.20 750 8.0 500 4 18.8 110 2035 2 
Louise Ave. 21 2.5 0.20 1000 10.5 oi > 

4 Ben Hur Ave. 4 Bob 0.25 250 3.5 © 1200 4 1a 130 1840 13 Use no sec. wire 
12 5.5 0.25 550 10.5 646 4 smaller than #4 

5 Doll Ave. 19 2.5 0.20 600 8.8. wen 4 1p 710 2090 © 2 Negro settlement 
| 19 2.5 0.20 1000 9.8 480 4 #4 sufficient 

6 Kyle St. S. of 28 25 0,20 1000 14.0 300 4 33.5 110 3690 3% Prans. change pose 
McCalla Ave. 22 - B.8 0.25 600 19.5 350 2 #2 suf. load split 

/, McCalla Ave. 13 £8 0.25 450 8.1 500 4 20,0 110 2300 5 Ltg plus 3% K.W.Pre 
220 (Store-n0 sec.) 

8%9 McCalls Ave. . (7,8%9 form power bank-10 kw demand- 8&9 3ikw each- Delts con.) 

10 Alley S. of Park | 4 (Four spans) 3% Renge and 4 res. 
View W. of Spruce 

31 - Alley 3, of Park | 13 Pad Delo 200 9.5 460 4 1B 110 1650 2 Church adds 10% to 
View at Church 7 Zed 0.30 800 540 800 4 diversity factor 

12 Cor. Chestmt 26. © f.8 0.20 700 | 18.0 400 2° 24.8 10 E00 3 

13 ~ Park City H.S. (Use 3kw trams as present installation for Park City H.S.) 

14 _ Olive at Iinden 32 2,5 0.25 4(Low type load) 2800 2% 32 res. 20 A. load 

15 Alley N. Mag. KE. 15 | 240 0.30 13.5 4 13.5 310 1809 5 Renge add load 
of Chestmut. 
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Losses in the Present System 

Trans. Trens.loss Watt Length Wire 1 R Loss We. Hr. Trans. Copper Total 

No. 24 hrs/day Hrs. Service Size Ww / hr. Loss/day Loss W.Hr./day Loss 

241 43 We. 1032 £7 600" 6 8.55 17.10 164 

bkw 2.2706 6 14.60 29.20 

1,730 6 72C 14.40 

YAY 6 1,20 240 

1.94 5.88 
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1783 33 792 1,300 6 7,81 15.62 114 * 

Bkva 
92 

1526 24 576 1,080 6 1.36 2.72 66 

1ikw 1,000 6 4.56 9.12 = 
664 

226 20 480 1, 92cC 6 19.00 %8,.,00 48 

1kve 400 & 1.00 2,00 

1,400 6 2.50 5.00 i 
B75 

1087 43 1032 2,300 6 61. 6C 154.00 205 

Bkva 800 6 12.8C 38.50 ~ 
1430 

221 70 1680 900 6 12.80 44.80 280 

10kvs 1,200 6 5.00 15.00 

1,600 6 5.70 17.10 ] 

1,400 6 14.30 28.60 
2323 

2270 33 792 6 156 = 

Zkve 
"O48 

1848 43 1032 3 500 6 22.6 59,00 164 

Bkve : 
—IZ57 

= - San nT 

12 33 795 1400 4 4.3 13.0 143 wif 

Zkve 1400 4 28.2 85.0 
103% 

13 3% 792 1.2 5.0 130 

BRve 
925 

14 32 768 1900 4 35,0 80.0 153 

2ikve 700 4 340 10.0 
1011 

15 43 1032 1000 4 2.8 8.0 328 

bkve 
1368 
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Transformers for Network 

Trans #19 
29 res, B a. load 0.35 div, fac. b0 a, total load 

i" 1" 35 4 8. 4 0.28 " &2 8a. 
Sign B a. 1 1 

Store 60 a. 0 LL 
Total 1357 : 

Trans size 
137 x 1lo = 15,070 w. Hang 1b5kw tramsformer. 

Trans #20 & #21 
Serving power service-use present instellationof 

2-3kw trans. open delta. 

Trans #17 
22 vgs, 4 a, load 0.30 div.fac. 26.4 a8, total load 

Church 10.0 9. 1 it 
Total 36.4 

Trans size : 
36.4 x 110 x 0.76 = 3000 w. Hang 3kw trans. 
(0.76 is the div. fac. of the res. and church) 

Trans #16 
22 res, 4 a. load 0,30 div.fac. 26.4 a. total load 

10 ves, 3 0. load 0.25 dive fac, 7.5 a. total load 

Total 538+ 

4 ranges connected require 10 kw in trans. 
Trans size 

33.9 x 110 = 3740 w. 15 kw trans required for 
total load. 

Trans # 18 
385 res. 5 a. loed 0.35 div,.fac. 6ls. total load 

1 range requiring 3% kw trans 

Trans size 
61 x 110 = 6710 w. Hang 1lOkva trans for 

total load. 
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Revision Cost 

Article 

35' Pine poles 
30' Pine poles 
6 pin X-arm 
4 pin X-arm 
X-arm braces 
Machine bolts 
Locust pins 
Lag screws 
Secondary racks 
Thru bolts 
Washers 
Dead end straps 
Anchors 
Bye bolts 
Guy clamps 
Guy protestors 
Guy wire 
Guy thimbles 
Guy strain plates 
Guy hooks 
Stubs 
Concrete 

Pole holes 
Setting poles 
Transporting poles 
Removing poles 
Setting anchors 

Insulators 2300v 
Strain insulators 
#6 wire 69,290! 
F4 wire 27,7607 
F2 wire $780" 
#2/0 wire 10,780 

Line 
Line labor removing 

Total 

Amt, 

251 
8% 
B3 

288 
576 
b76 

1030 
783 
282 
317 

1003 
122 
24 
24 
94 
24 

£358" 
24 
36 
36 
17 
2yds. 

268 
268 
268 
344 
24 

1030 
47 

77607 
45535 
2007s 
B5b8% 

labor instelling 198727 
11677 

Unit Price 

$11.98 
9.64 
0.98 
0.66 
0.15 
0.08 
0.03 
0.04 
1.61 
0.08 
0.03 
0.13 
2.50 
0.26 
0.23 
1.75 
0.02 
0.04 
0.15 
0.08 

8.00 

1.00 
0.50 
0.75 
1.50 

0.27 
0.2b 
V.18 
0.18 
0.18 
0.18 

0.04 
0.04 

15 

Cost Total 

$3006.98 

838.68 
51.94 

829.44 
86.40 

46,08 
30.90 
30.12 
405.72 
25.36 
30.09 
15.86 
60.00 

6.24 
21.62 
42.00 
46.70 
0.96 
5.40 
2.88 

16.00 
$5599.57 

402.00 
268,00 
129.00 
258.00 

1095.00 

2%8.10 
11.76 

396.80 

819.54 
361.26 
999.56 

3865.88 

794.88 
467.08 

1261.96 
$T1820.21 
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Maintenance Cost 

Article Amt. 

l-kw transformer 
1i-kw transformer 
2=kw transformer 
2%-kw transformer 
d-kw transformer 

3Lt-kw transformer 
b=-kw trensformer 
7i-kw transformer 
10-kw transforme 
15-kw transformer f
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1- La pans 

5=-kw 

7s=-kw trans. 

10- kw trans. 

Primary cutouts 
Lightening arresters 

Sroutd rods 46,0 

Total $39.12 



Article 

36' pine pole 
30' pine poles 
6 pin X-arms 
4 pin X-arms 
X-arm braces 
Carriage bolts 
Secondary racks 
Thru bolts 
Lag screws 
Washers 
Anchors 
Hye bolts 
Guy clamps 
Guy wire 
Guy thimbles 

Guy hooks 
Guy Plates 

Insulators 2300v 
Strein insulators 
#6 wire 103,125" 
r4 wire 780 
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