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by

L. L. Koontsz.
Introduction.

The problem of electric service on Virginia farms has re-
ceived considerable consideration and study in recent»years. Rural
electric service hecs been extended to many farms and the develop-
ment has been extensive enough, in some cases, to justify the orga-
nization of = rural service department within the company organiza-
tion. A4 gradusate Agriculturai Engineer is generally in charge of‘
the department. The importance of this movement is verified by the
fact that rural service departments are being organized in all the
leading power companies in ?irginia.

Central station service is generally recognized as the most
desirable type where it can be obtained without too large an expense
to the farmer and company. However, there are many farmers who are
unable to secure centrﬁl station service. 4s a result, they have to
choose between individual water power plants or individual gas-engine-
driven plants. Due to the large‘supply of water required to produce
a compsratively small qﬁantity of electrical powér, few farmers can
install water power plants on their farms. The individual gas-engine-
driven plant must, therefore, supply the demands of the vast number

of farmers who can neither obtain central station service, nor install



individual water power plants. It is, therefore, the individual

gas-engine=~driven plant with which this study is chiefly concerned.
Object.

The object of this investigation is to make a comprehen=-
sive study and obtain reliable information on the possibilities and
limitations of an isolated electric light plant; operating cost will
be determined with practical equipment to be used in connection with

same, under actual farm conditions.
Location of Project.

The study was made on "Sandy Mound Farm" owned and operat-
ed by Mr. W. E. Hubbard. The farm is iocated two and one-half miles
from Blacksburg, Virginia, near Shadow Lske. It consists of about
180 acres of crop land and 60 acres of woods. Mr. Hubbard operates
a 20-cow dairy and sells cream to the Soufhern Dairies at Christians-
burg, Virginia. A complete farm managementrstudy was made of this

farm as a Minor Problem.
Subject.

The subject of this study is the new Four Cylinder Delco
Light plant, Model No. 178, generating unit,znd 160 amphers an hour

batteryv



The new Four-Cylinder Delco Light

Installed at the Hubbard Farm.




A. Specifications.
I. Engine.

1. Bore = 2 1/4 inches.

2. Stroke - 2 3/8 inches.

3¢ Speed = 1100 to 1200 r. p. m.

4. 4lr éolled (copper finned).

5. Four cylinder = four cycle.

6. Valve-in-head engine.

7. Firing order - 1, 2, &, 3.

8. 32 volt ignition,

9. Operates on gasoline.

10. Self cranking.
1l. Fuel pump - "A. C."
12. 0il pump - oil capacity 2 1/2 gallons,
12. Pulley for belt - belt H. P., 3.
1l4. Veight - 565 1lbs. (Generating unit only).

II1., Generator.

l. 4 pole.

2. Compound cranking circuit.

3. Shunt generating circuit.

4., Directly connected to engine.

5. 32 volt - direct current.

6. Full load ocutput - 1500 watts.

7. Cocled by vents in fly wheel.



III. Control.

l. TVecltage controlled by battery.

2. Starting and stopping controlled by automatic switch

board (Mounted on generator), except when necessary

to operate by hand.

Se Aﬁtomatic features include:

(a)
(v)
(c)
(d)
(e)

(£)

Iv. Batteryo

Electric throttle which responds to changes in load.
Electric choke coil for starting.

Crahking cut-out to prevent discharging bvattery.
Control box containing, "Low Voltage Cut-out®

and "Voltage Limiting Relay", mounted on wall.

Plant starts when line load exceeds approxi-

mately 300 watts.

Plant stops when line load reduces to approxi-

metely 150 watts.

l. Delco light exide glass Jjar 160 ampere hour battery,

(16 cell = K x G - 13).

B. Construction.

The generating unit is composed of the following parts:

1. &Engine.

R« Generator.

. Switch board,

4, Throttle control.



5. Control box.

6. Battery.

Bach of these parts must operate in harmony with one

ancther in order to have a perfect running machine.
Arrangement.

Three meters were used on the test. Meter No. 5994860-,7
50 amp. = 32 volt, was used as a master meter at plant. Meter No"
4228049, 50 amp. - 32 volts, was used on the frigidaire circuit.
lieter No. 4262742, 25 amp. = 32 volt, was commected up with exten-
sion cord and used for short test on the various appliances such as
lMaytag washing machine, Hoover cleaner, Hoover wali cleansr, elec-

tric iron, churn and chore motor.
Conduct.

A few visits were made to the farm during the summer to
make arrangements for the project. Dﬁring the month of September
two men spent three weeks at the farm, wiring and installing equip-
ment., The plant was installed and started operating September 29,
1928, Some of the equipment, such as meters, etc., was late in ar-
riving., The test, therefore, did not start until Hovember l. Trips
were made to the “arm at least once a week and in many cases twice
a week to observe the cperation of the equipment. Data sheets were

Prepared for the various operations. Vhen a piece of equipment was
P q



| The Hubbard Parmstead.
Notes= The light on each lime pole between the house and d
This arrangement is three-way connected and furhi,shés”gmp}te 7

‘the lawn and stockyard.
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uged, one of these shsets was filled in and returned. The master
meter was read each month. A bock was placed at the plant, in Which
the amacunt of gas, o0il and time used on the plant was recorded by Ir.
Hubbard,.

Calculations.

A. Installation. Cost of wiringe.

The thick stone walls in the dwelling house necessitated
the use of metal moulding. The dairy and horse barns were wired with
BX cable. The other outbuildings such as poultry house, meat house,
spring house, blacksmith shop and garage were wired with knob and
tubing.

The following is a complete bill of material usedé

Bill of Material.

———— e - .
To.of Cost Total
wiits Siae Neme of unit per unit| cost
8 5/16 Copper lugs 2 |& .16
8 Federal Bushings " 60
S ft. Txhauvst pipe 10 «30
9 10 in. | shades-Holders 11.25
1 Sqe D Safety Switch 60 amps. 1.65
2 60 amp. Fuses 15 «30
2 Cleat receptacles . _ 15 «30
40 Fierce Insulators 13 5.20
5 P Sockets 26 1.30
k5 3% Knockcut Roxes 7.1 C 1.82
18 Pull chain receptacles ' 4.92
6 3 mag. Snap Bwitches 1.88
7 Type "B" Switch Rases 23 1.61
3 Single Branch Blocks 18 .54
16 Plug Fuses 4 .64
128 Bx straps 1.28
53 Px connectors 4 2.12
3 1/2" Type T Condullts 1.23
] 2 Hall Par Covers 41l
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Bill of Yaterial (Cont'd.)

1144 ft.
1250 ft.
100 ft.
940 ft.
1100 ft.
500 ft.

4 6 in.

4 14 in.

1 14 ft.
150 ft.

1l Gross
&5
25
3
1l
154
68
7

35 £t.
1l
1

650 ft.
6

&b
&5

# i P wire

#10 wire

#6 R. C. wire

#12 R C wire

#14 R C wire

Bx Cable

Gocse Neck Fixture
Reflectors
Shade=-Holders

Lamp cord

#6781 Connectors
#4200 Binco Sockets
#355 Insulators

#5604 Supporting Strep
#5732 2 1/2 outlet boxes
5711 Flat elbows

E15 Flat tees

510 Cross '

5717 Internal elbows
5751 Adeptive plate and cover
5721 Rosetts Moulding
Key Sockets

Cleat Rosettes

SP Snap Switches

3" Round RBlank Covers
Keyless Moulding Receptacles
3844 Brackets

6 Wood Screws

1 1/2 vood Screws -

1 1/2 # 9 Wood Screws
Rolls Fric Mape

Roll Compound Tape

Knobs

3" Tubes

6" Tubes

Loom

Switch Rox

Duplex Ironing plug plate
Metal Moulding

Hard Saw Rlades

25 watt 32 volt lamps
50 watt 32 volt lamps

Total sevecocoseny

GV PP P VPGS P IEPTOPGIOEPOEIee ey

94
.83

17
53

11
19

13
20

26
13

55
98

30

18.55

Total Mﬁteri&l PO UGS TOEPESEIVEDPOEOBR LSV EIEEOOIGEGgGIPIPOe

30
32

eeaseo0

57.20
25.00
.26
15.15
6.66
16.25
3.76
12,92
.40
3.00
1.19 |
2.12
75
«75
8.74
2.75
4.18
«60
S.12
.12
2,80
5.20
1,17
4.41
21
4.40
8.82
«60
«10
.10
+90
«40
2,03
+68
628
«66
14
1.20
35.10
«60

$275.47

7.50

8,00

$290.97




Note: The above bill of materiasl gives the wholesale cost of mater-

ial as payed The H. . Baker Company, Roancke, Virginia, by ¥r.

Hubbarde.

Be Cogst of Plant Installation.

Co

1.

2.

Se

Cost of Plant.
# 152 generator ¥F. 0. B. Roanoke, ‘$556.55
16 cells, K X 6 = 13 Batteries, F. 0. B. Roanoke, 196.00

Combihatiqn meking & complete No. 186 o
plantV(installed)....,..;-g.......o...g.ro-‘ 3865.09 .

Cost of fOundatioh for plant. .

2 yards of sand : i ,3;007

2 yards of rock : o : & 5}60

12 sacké of cement .90 - "'; 0 10.89' 

4 base bolts 20
Labor __3.00

Total ccst of fO‘mdation...:-.....oooooo-acacooo 520000

Note: This ccst is rather high due to the rich
mixture used, and large foundation built.
However, this makes an excellent job ab-
solutely free from vibration.

Cost of battery rack.

Lumber and nails 50

Labor 50

Total cost of battery rackecececeseccroveccecess  $1,00

Operation cost of plant.




Another View of the Stockyard.

Kotes The main line is mounted on bracket insulators and the

43way curcuit is mounted on knob insulators.



Date Fuel 0il Labor Remarks

Nove 1 | 5 gallons | 2% gallons | 7 minutes |===—=—=e

Nov. 4 | ==~ -— — Cﬁargevbattery 6 hrs.40 min.

Nov. 7 | 3 gallons | ee——— -

Novell | ===w -— 8 minutes |Charge battery 2 1/2 hours.

Koveld | ==—= ——— | e——— Changed oiling system to
reduce pressure on oil pumpy

Novel6 | =-—- m—— | - Charged battery 4 1/2 hours.

Nov.l7 | b gallons - £ minuteg |-=—=———=

Novell | === —— ;———- Charged batfery 3 hours.

Kov.26 | ———= — ——— Charged battery 7 1/2 hours.

Nov.27 |3 gallons ———— 10 minutes | ~~=em=w——-

Total |16 gallens | 2k gallons | 27 minutes

Dece. 1' & gallons ——— <0 minufes Charged battery 9 hours.

Deces 3 |5 gallons — € minutes | =——==——-

Dec. 8 | === - —— Charged battery 2 1/2 hours.

DeCe 9 | =m=w ——— | e——— Charged battery 2 hours.

DeCyll | ==mm= — ———— L Charged battery 3 hours.

Dec.12 | 4 gallons —-— 10 minutes |==—we—ee

Dec.16 |1 gallon —— R e — ——

Dec.1l?7 | 4 gellons - 30 minutes | ==—mw=we

Dece2b |1 gallon ——— £ minutes |==—mae=-

Dec.28 | 4 gullons - 2 minutes |w==e—=m—=

Dec.30 |1 gallon —— 2 minutes |==————w-

Total | 22 gallons ——— €8 minutes -
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Date Fuel 0il Labor Remarks
Jan. 1 4 gellons | ——— 20 minutesg | ====—==
Jan. 9 5 galléns — 5 minutes | Charged battery 4 hours.
Jan. 16 5 gallons | =~ 5 minutes | m=—====
Jan. 22 3 gallonsg | == 2 minutes | Charged battery 4 hours.
Jan. &F 2 gallons | === & minutes | ==———=-
Total 19<§allons —— 35 minutes | =—==m———
Feb. 5 5 gallons | 2 gallons | 20 minutes | Charged battery 4 hours.
¥ebe. 6 S gallong | === 2 nminuges | =—=—=--
Feb. 9 & gallons —— 2 minuteg | —~=—e—-
Fghe 11 | =—===w-- - | —— 20 ninuteg | =~—=w==—-
Febe 20 5 gallons | ==~ & ninubes | ===w==—
Febs 28 | ==—w—ewewa ——— 20 minutes | Charged battery 4 hours.
Total 15 gallons | 2f gallons | 66 minubes | ——=—- —
bisrch 4| 3 gallong | === 2 minuteg | =~==—w-
march 18| 2 gallons | =-- & minuteg | ~=—w=w==
warch 17 | ‘3 gallons | === 2 minutes | w——m———-
Larch 3 | & gallens | =-—- 2 minutes | =~—=w—-
hiarch 85 | ===w—m=—e- - 5 minuteg | ====—m—-
Total 10 gallons | =—- 13 minutes' -
April 1| 5 gallong | == 5 minutes. Charged battery 4 hours,
April 10 5 gallons | == 3 minutes | =wm————
April 14 | 4 zallong | === £ minutes | ==—=www
April 18 1l gallon | =—- 2 minutes | =—==———
|April 20| 5 gellong | === S minutes | wwmmwe=
April 25| 5 gallons | ——= 5 minutes | ———=—ae
April 30 5‘ggllons —— 3 minuteg | ~==——- —
Total 30 gallons | =-= 23 ninutes | m—m——w-




Gilo“'

Fuel -

Labor.=

Interest.-
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laximum 2 1/2 gallons per month, minimum O gallons
per month, average .83 gallons per month,

Average cost per month, $0.83.

laxinwa 30 gallons per month, minizum 10 gallons
per month, average 18.6 gzallons per month.

iverage cost per month, $3.53.

Vaximanm 68 minutes per month, minimum 13 minutes
per moath, average, 38.6 minutes per month.

Average cost of lsbor per month, $0.16.

$866,00 at 64 for one year, $51.96.

Interest charge per month, 34.33.

Depreciation.-Battery, $196.00 - $39.20 per year - $3.87 per month.

(5~year life).
Plant, $556.35 - $55.64 per year - $4.64 per month.

(10=year life).

Notes: Depreciation figured on F. 0.’B. prices, Roanoke, Virginia,

Kw hours per month - maximum 60 = minimum 12,

Kw hours per month - (Average for 5 months) 19.




Table Noo le= Kﬁhr. cost per month for period of the test.
Kﬁhrs. per month 19
Fuel = 18.6 gallons at 19 cents $ 3.53
0il - .83 gallon at $1.00 83
Labor - 38.6 minutes at &5 cents per hour 16
Total L] L ] L] e L] . * L] . L] L] L] . L] * L ] L] L] . L] L] L] L] L] L ] L ] 3 4.52
Kwhr. cost (Fu.el, 0il &nd 1ab0r) e o o o & o 8 o o 0 o o o $00238
Interest charges 4,33
Depreciation (&) battery 3427

(b) plant 4,64
Total L] L] L] L] - L ] L ] L3 .‘ L] L ] » L] L ] L] L] [ ] * L ] Ll * ® * * L] [ ] $12.%
Kwhr. cost (Interest and depreciation « « o« o o o « o o o $0.644}
‘I‘otal K“"’hr. cost L] * . . . L] * L] . * L] L] L] L] L] L ] L ] L ] e [ ] $0088§i

Table No. 2.~ Kwhr, cost for one month.

F v__—-

Kwhrs. for the month
Fuel - 30 gallons at 19 cents
0il - .83 gallon at $1.00
Labor - 23 minutes at 25 cents per hour
motal . - . L] . L] L[] L[ ] L ] . . L] L] . . L] . L]
Kwhr. cost (Fuel, oil and labor). . . « .
Interest charges
Depreciation (a) battery

(b} plant
Total - L] L ] L] . - . - L . . . . . . L . -

Kwhr. cost (Interest and depreciation). .

Tetal kwhr, cost & ¢ ¢ ¢ ¢ ¢ v ¢ ¢ ¢ o &

60
$ 5.70
«83
.10
$ 6.63
$0.110
8 4.33

3.27
4.64

812.24
80.204

80.314

Notes Frigidaire was used this month.
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Table No, 3.= Comparison of Tgbles 1 and 2.

Table 1| Table 2 Saviqg

[Kwhre cost = (Fueld, oil and labor) $0.238 | $0.110 | $0.128

Kwhr. cost = (Interest and depreciation) 0.644 0.204 | 0.440

Tét&lS&VingperkWhro e o o 8 o o o ¢ 0 o o o o o ¢ o o o @00568

Note: Table No. 3 brings out very clearly the necessity of build-
ing up the kwhr. load. The fuel, o0il and labor charge per kwhr.
is reduced from $0.238 for 19 kwhrs. to 30.11 for 60 kwhr. load
and the interest and depreciation charge per kwhr. is reduced‘from
$0.644 for 19 kwhrs. to $0.204 for 60 kwhr. loasd, showing a total
saving of $0.568 per kwhr, |

The following tables cover the cost of operatibn of the
verious equipment. In each case the kwhr. cost has been consider-
ed as 88 cents. This is rather high, due to the high cost of depre-
ciation and interest charges and low average monthly kwhr. consump-
tion. However, this makes the result obtained from the use of elec~

tricity more outstanding since it shows a saving in every case.
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The washing machine saves the back and does the wash better.

and labor saver.

It is a real time
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Table Noe 4,= ?i"aShing Data.

0ld lethod Jew lMethod Differ—
Velues are averages Per week|Per year|Per week|Per year| ence
Hours reguired 5 270 1l.17 60.84 | 209.16
Weight of wash-lbs. 40 2080 | 40 2080
Jost of labor $1.00 $52.00 | $0.30 | $15.60 |$36.40
Current used - Kw. 75 39 39
Sost of current | 80.66 | $34.32 |$34.32

Note:-b& washin s per year =- average family.

-Cos of labor, $1.00 per week refers to cost oP hiring.a
ash woman - cld method.

-Cost of labor, $0.30 per week refers to value of house=-
wife's time duing washing - new method.

from the above table the cost of labor saved exceeds the
cost of cﬁrrent used by $2.08. This makes the use of electric
washing machines practical, not counfrng the 209.16 hours saved
by its use, which, if valued at $0.25 per hour, would mean an ad-
ditional saving of $52.29 per year, making in all, $54.37 saved

per yeare.



Tabtle Noe o=

&1 -

Ironing Data.

Flet lron Electric Iron Differ-
Talucs are averages  |Per week|Per year|Fer week|ler year| ence
Heours to heat irons .5 a7 2 | 10.4 1646
Hours to iron wash 645 538‘ 2476 143 195
Cost of Fuel £0.07 83.64 83.64
Cost of lebor(25¢ hr.) 1.83 | #81.00 .69 $35.88 $45.1z
Current used (Kw.hr.) 1.2 62.4 628.4
Cost of current $1.06 | 855.12 | 365.12

Hotes = 5& ironings per year - averagé family.

From the above table, figuring time saved, and labor

saved, &t $0.85 per hour, the use of the clectric iron shows a

saving of #42.90 per year.

~

Table No. S.= Chnrning Date.

Hand churn Electric churn D;}fer-
Values'are averages Per time|Fer year Per time|Per year| ence
ii::z,gzgg;zeingoafter .53 & .17 8.84 23.16
Fours required to churg .75 72 416 | 39,90 | 32.10
quantity churned,lbs. 60 E7E0 43 4128 1638
Pounds of butter made Seb 336 2.5 240 26
Pounds of bubter milk | 56.5 642¢ | 40.6 | 3888 1536
Cost of lubor $0.30 | #28.80 | $0.15 | $14.40 | $14.40|
Turrent used (Kwhrs.) .012 1.15 1.15
Sost of current $0.011| $1.06 $ 1.06]

Notes = Whole milk churned 96 times per year - average family.



From the foregoing table the cost of labor saved exceeds

the ccst of current used by $13.34 per year.

Figuring time saved

at ®0.&5 per hour, we have saved $13.82, making a total saving of

$&7.16 1in favor of the electric churn.

Lhouse Cleaning.

Flectric
[Taluss arc averages Broom cleaner |Difference)
Time required to clean one room |55 minutes 25~minutes 30 minutes
Cost of lebor (25¢ per hour) $0.é5 $0;10 £0.13
Current used (Kwhrs.) .02 .02
lcost of current 80.018 $0.018

Wotes

Cleaning refers to sweeping and wall cleaning.

From the ahove table, figuring labor and time saved at

%0.25
favor of tre electric cleaner,
ines a week.

three

Per years

Per hour, we see a saving of $O.24 per room per cleaning in
Assume that the room is cleaned

This would show a saving of $37.44 per room



The vacumm cleusrer and wall cleaning attach-

went make house cleaning s pleasure. It is

aleo very useful in cleaning auto upholster-
inge.




mable No. 8.=- Kerosene Lighis.

fotal nuwidber of lamps 10
approxinate value of lamps $17.00
averaze nuxber of lamps in use at one time 4
Time required to clean lamps, per year 52 hrs.
Time reqﬁired to fill lamps, per year 26 hrs.
Total time required to clean and fill lamps, per year. « o | 78 hrs.
Kerusene used, per year 120 gals
Cost of oil, per year, 120 x 20¢ 824 .00
Cost of labor, per year, 78 x 25¢ %19.50
interest on $17.00 at 6%, per year 1.02
T0581 COEE 4 v v v v e e e e e e s e s e s e e e e e e s o B44.52
iverage cost per lamp operated, DEr JE&L « o + « o o o « o 311.13
Table No. 9.~ Electric Lighfs.
Lurter of outlets in house (11 rooms, 3 porches) 7i
Nurber of outlets in horse barn (8 horse capacity) 9
Number of outlets in cairy barn (20 cow capacity) 16
Number of outlets in other buildings _Eg
Tetal nudber cf outlets o ¢ 4 ¢ v ¢ ¢ ¢ ¢ 6 e v e s e o o 4 116
Average cost of raterial per outlet 22.57
Average cost of lebor per outlet 1.29
Total cot per outlet 4w b b e v b e e e e . e v e e o { B3.86
Average anwber of lights in uwee at one time 5
Fwhrs. pzr month, avsrage 8




The frigldaire is a clean, convenient and ef-

ficient storage for food supplies. It is a

great time saver in preparing frozen desserts
or serving iced drinks.



Frigidaire - ¥=9 - capacity.

The frigidaire was operated on test for one month during
which time meters were put on frigidaire motor and found that it
drew a peak load of approximately 25 amperes and 28 volts, or 700
watts, on starting. The rumning load drawn was 11 amperes and 35
volts, oi 385 wa*tse. Siﬁce the plant starts at 300 watts, it is
obvicus that each time the frigidaire motor started the plent start-
ed. The plant ran approximately five minutes and was off approxima-
tely 30 minutes. The result was about 30 starts end stops per day
or 900 per monthb. Thisfmeans that the plantkoperated 2.5 hours pér‘

dey or 75 hours per month when frigidaire was operated.
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Vater tank and spring house

Note: Line enters the house from the
tank tower. The tower makes a good
location for the back yard light.



Swimary.

gost of plant installed

Cost of plant foundation

Cost of battery rack

Gost of material used in wiring installation
Depreciation on battery per month
Depreciation on plant per month
Interest charge per month

Cogt of 0il used per month

Cost of fuel used per month

Cost of labor on plant per month
Kvhrs. per month

Kwhr. cost per month (fuel, oil and labor)

Kwhr. cost per month (interest and depreciation)

Total kwhrs. cpst

Total kwhrs. cost (month frigideire was used)

#806.00
20.00
1.00
£290.97
3.27
4.64
4.33
.83
3.53
(.16
19
238
644

.882

314
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4.

5.

6.

Conclusions,

Too ruch weight can not be placed on the results obtained from
this study thus far due to the short period of‘the test,

The test shoﬁld he continued for a number of years (life of the
plant, if possible), and additional equipment,such as milk cool=
ing, milking machines, diary refrigeration, incubators snd brood-
era, tested along with the present equipment.

The isolated gas-engine-driven electric light plant is a satis-
fectory piece of farm equipment. Hovever, not as desirable as
central station service where the latter can be obtained.

The farmer shovld endeavor to increase the kwhr. load, thereby
reducing the kwhr. cost as shown in Table 3 and Graph 1. How-
ever, the kwhr. cost from an isolated light plant can probably
never be reduced to the cost of central station service.

The use of such appliances as washing mechine, iron, churn,
vacuum cleaner, wall cleaner and chore motor is both practical
and profitable.

When frigidaire is used,‘some method should be employed fo re=-
duce the number of times the light plant is required to start;
Where large equipment is to be used, producing a réther con=
stant load, it would rrobably be more profitable to increase the
capacity of the tattery, thus making it possible to raise the

wcut in" peint on the plant above 300 watts.
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Mr. Hubbard is very much pleased with the installation and

should bz helped and encourared in the purchase of more equip-

ment,
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