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Forward 

This thesis is an outline of experimental work on wind 

electric plants and observations of the same by the author 

during the past three years. Data has been collected chiefly 

from the operation of different types of wind electric plants 

which were mounted on the Ebgineering building. ?he picture 

below shows the location of the plants on the building. 
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PUFACE :-

Historically mans' use of the machine has extended 

over many hundreds of years. By 'machine' is meant a combin-

ation of wooden, steel or fabricated parts that form a unit 

by which man is able to perform. some task either faster or 

more efficiently than with his hands alone. The more advanced 

civilizations have devised and invented literklly thousands 

of different kinds of machines for a nultitude of purposes. 

When this thought is carried to the present day we find 

that our machines may be divided into two general classes. 

First there are those which, by certain manipulation and add-

ition of energy -producing substances, will of themselves prod-

use mower. Then there are those machines valich are not capable 

of producing power, but will do useful and profitable tasks 

when power is applied either directly or indirectly to then. 

For the present discussion we are interested in the first class, 

those that produce power. 

In this class there are external combustion engines, 

internal combustion engines, electric turbo-generators that 

are driven by water power, and those machines which are capable 

of deriving power from the wind. These latter machines may 

be termed 'wind machines' For several centuries wind power 

has been used to turn machines to do useful tasks. Such 

useage is best exemplified by Holland's windmills. They have 

been used to grind grain, operate swamills and to pump water. 
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To us in America the sight of a windmill to pump water is quite 

common. Such machines derive their power from a 'sail' which 

may vary from 61 or 8' to as large as 40' in diameter. The ind-

ividual blades of these sails are set at an angle to the direc-

tion of the wind and are thus said to be 'pitched' to the wind. 

It vas quite a natural step from such uses of wind driven 

machines to the generation of electricity by wind power. Such 

units are called 'mind electric plants'. 

From the available records it appears that the first wind 

electric plant was designed and built in 1894 by a Mr.W.L.Bliss 

for Col. Lewis of the Lewis machine gun fame. This plant was 

erected on the coast of Maine and is operating there to this 

day. the plant had a hand-hewn propeller and was of the slow 

speed type. Apparently the next notemorthy advance in wind 

electrics occured during the First Great 'aar. During their 

spare hours the flyers would make small propellers to drive 

volt generators placed on the wings of the planes. The first 

propellers proved to be too slow to suit the generators. Then 

they hit upon the idea of shaping the propeller blades similar 

to the shape of the airplane wings. They knew that about four-

fifths of the lifting force on a plane was due to the suction 

or partial vacuijn created by the air-stream flowing over the 

top of the wing. aten they applied wing shapes to these test 

propellers they found that their r.a.m. was greatly increased. 

?his shape is known as the' airfoil' shape. 



The plants that were made following the war were n great 

improvement on the earlier models but the vibration was usually 

excessive in all of them. Ihe chief advance during the past 

decade has been the manufacture of a machine that is balanced 

within closer limits both statically and dynamically. _mother 

very important achievement has been the finishing of the prop-

ellers to give them longer life and finer balance. 

Universi/y _of Saskatchewan Research Prior to 1939 :-

In the fall 

of 1926 MrstrOoltlood erected a 110 volt gear driven plant on 

top of the Magineering building under the direction of Prof. 

A.R.Greig. This research work was nrder the assistance of the 

National Research Council. The tests were started in an attempt 

to determine the possibilities of the wind plant as a power 

unit in the generation of electricity for isolated farm use. 

The project was continued by Prof.R.P.1?rey from 1928 until 

about 1935. 

In 1938 tte.A.H.Scrirshaw conducted some tests at the 

University under the direction of Prof.R.P.Frey. These tests 

were made on a 650 watt gear driven plant. 

Mlwawmormoww,...........===004.041.r*.m.1,004mArs 

'The Generation of Electricity by Uind Power' - University 

of Saskatchewan Progress Report, 1928 -- .C.bod. 
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OBJECTS OF RIZE_RCH WORK  :-

fhe purpose of this project was to 

obtain information on the following points ; 

1. To obtain a record of the maximum amount of elect-

rical energy that could be produced each month by 

the various plants tested. 

2. To determine the resulting output from the battery 

corresponding to a given input from the plant. 

3. To determine the maximum load in the form of lights, 

motors and appliances etc, for batteries of different 

ampere hour capacities. 

4. To check the specific gravity and voltage of the 

batteries. 

5. To determine the number of operating hours each month 

for each plant tested. 

6. To determine the effect of winter low temperature and 

moisture conditions on the efficiency of the various 

plants. 

7. To compare and plot the charging rate in amperes with 

the wind velocity in miles per hour at different temp-

erature ranges. 

8. To compare the percentsge of day vs. night chnrcin. 

9. To estimate the life of various types of batteries. 

10. To make a careful study of wind movements and their 

effect on wind driven plants. 

11. To conduct tests on different types of governing 

devices in an attempt to select those design prin-
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ciples best suited to Saskatchewan wind conditions. 

EqUIPLINT :-

The following treatise is a description of the 

research work carried on by the author from Deceeiber, 1939 

to February, 1942, under the direction of Prof.R.P.Frey. 

Drjaest eand Sizes of Plants Studied :-

On December 1st. 1939 a 

32 volt gear driven wind electric plant was mounted for 

research purposes on a 20 foot tower on the Engineering 

building. Thus the plant was located about '75 feet from the 

ground. The generator was a 32 volt, 1000 watt unit, driven 

by a 11 foot, two-bladed propeller. 'she propeller was geared 

to the generator armature with a ratio of 4.3 to 1 , the 

gears operating in an oil bath. 

On the same date a 6 volt, 250 watt direct drive wind 

electric plant was also erected on a 20 foot toyer on another 

part of the Engineering building. This unit had a '7 foot, two-

bladed propeller. 

In November, 1940 the above two plants were taken down and 

re7L-,ced with three others. One of these was a 1200 watt, 32 

volt gear driven unit mounted on the central tower of the 

Engineering building. The second was a 1250 watt, 32 volt 

direct drive plant mounted on a 60 foot tower located between 

the Powerhouse and the Engineering building. The third plant 

was another 6 volt unit of the 235 watt size. In December, 1940 

bench tests were conducted on several different types of 



governors and generators. Tower tests were not done on these 

extra units. The 1200 watt gear driven plant was exchanged 

for another gear driven plant, herefater called the ilodel 200. 

During the summer of 1941 the node' 200 gear driven 

plant was sent back to the factory for a complete check-up. 

The same was done with the 6 volt, 235 watt unit. These two 

plants were returned from the factories concerned and re-

install  ed on the Engineering building in racretber, 1941. 

Instruments Used in the Observation of Data :-

Each plant when 

installed was equipped with suitable battery unite of the lead 

accumulator type. In some cases tvin plants were successively 

operated on the same battery in order to operate the battery 

during a long test period. 

ihe following equipment was mounted on the instrument 

board to obtain the information required : 

1. A separate charge or input watt hour meter to obtain 

the total amount of energy produced by each plant. 

2. A discharge or output watt hour meter for each plant 

to obtain the total amount of energy used by the 

discharge board from the battery. 

3. A recording ammeter to obtain a record of ; 

(a) The nunber of opereir,T: hours each day. 

(b) The charging rate at any given tine. 



RECORDING AMMETER CONTROLS 

WINCHARc.,ER 

+ GEN. 

G Eft 

BAT + 

DIRECT10115 

• 

 II 

5Hurir 
somv. 

RECORDING 

AMMETER 

110 v. 32v. 
• 

PARRIS-DuliN 

BAT + GEN. 

S 3

APR - ELECTRIC 

Only one 

BA-r.

of t he switches 5, or 3 3 inoy complete the 

circuit through the shunt at any one time. Otherwise the 

c.ircuitz will become crossed vesuitrris in C.1417709 e to the ammeter-. 
9A/Al. 
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4. 

This ouneter is operated by the current from the 

generator and originally recorded by means of a self-

flowing pen on a continuous recording chart marked in 

hours and amperes. The pen clogged so frequently that 

it was necessary to design a pencil and lead holder 

to take its place. From this instrument the rate of 

charge at any specific time 

could be obtained by reference 

to the chart. 

The wind velocities were 

obtained from the three-cup 

dynamometer mourted on the 

Physics building at approximately 

the sane height as the wind 
Lecordina Ampnet 

electric plants. 

Two sets of discharge boards consisting of three units 

which were used for the loads and connected to the 

batteries by means of automatic switches. The 6 volt 

plants were supplied with a set of three load sockets 

in which resistances and bulbs 

were placed. The 32 volt disch-

arge units were made up of diff-

erent sizes to represent the 

discharge loads which night be 

applied to the battery on the tarn, 

such as lights, motors and heating 

appliances. 

T 

'a 

Ammeter Chart 
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5. These automatic switches were driven from the electric 

clock of the recording ammeter, connecting separate 

discharge loads to the battery each day. Each switch 

consists of a mercury contact, which, when closed at 

regular intervals connects the battery to a unit of 

the discharge board. Thus the load uns applied in the 

same irregular manner as would be the case on the farm. 

6. An accurate voltmeter. 

7. An accurate ammeter which was so connected by means of 

a double-throw switch that it might register either 

the charge rate from the generator or the discharge 

rate from the battery. 

8. voltage cut-out in the charging circuit so that the 

voltage of the generator had to exceed the combined 

voltage of the 16 cello before the circuit was con-

pleted. This prevented the battery from discharging 

through the generator windings. 

9. voltage cut-out in each discharge circuit to prevent 

the battery from discharging 

completely. This cut-out opened 

when the combined voltage of the 

16 cells dropped beiwo 30 volts, 

and closed when the voltage 

• 

1k

rises above 31 volts. This dev-

ice, shown at the left, was 

Discharge Cut-out necesary because of the cont-

0 



inuous action of the automatic discharge switch, and 

prevented excessive battery discharge during long per-

iods of calm. The points of this cut-out showed a tend-

ency to burn and so were protected by means of a oond-

enser connected in parallel with theta. 

10. Various fuses and switches for the protection and 

operation of the instrumonts. 

a consiaerable amount of time was required to obtain the 

various instruments and to calibrate them. Owing to the 

scarcity of 32 volt watt hour meters, 110 volt meters had to 

be used. These had to be carefully calibrated and checked 

against scientific instruments to determine a correction 

factor to be used when operating on 32 vole current. : 32 

volt ampere hour meter had to be calibrated for 6 volt current. 

Graph no.1 on page 12 indicates the method used in determining 

correct readings when the meter was used on 6 volt current. 

The recording ammeter was designed for a maximum charging 

rate of 25 amperes and this had to be corrected by means of a 

built-up shunt so that higher rates of charge could be recorded. 

The wiring diagram on page 14 shows the various circuits 

from the mooning wires to the watt hour reters xicl thence to 

the batteries and discharge boards etc. The rather heterogen-

eous appearance of the various instrument locations is due to 

the fact that the entire board had to be constructed piece by 
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piece as instruments were available. A Each neater installation 

could have been laade if all the instruuents had been available 

at one ti4e. 

L4tend for 14. 32s Dieezp32. ipty2 ,141 - 

ammeter. 

charge position of auitches. 

discharge poSition of switches. 

fuse. 

switch. 

voltmeter, 

The directions for the control of the recording 72111Ater 

svItches are given on the dingram on page 8. 
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DEFINITIONS AID ELECTRIOAk DOUSURIDGZUS  :-

The following 

definitions may be helpful in rending, this report. 

,ind Electric;--- means any machine which is so made that it 

can derive power from the wind co drive an 

electric generator, either .0. or D.C. 

Plant or Unit:— By these terms we mean that part of the 

wind elLetric machine which is mounted 

on top of the tower. 

Direct Drive:---- refers to the mechanical design in which 

the propeller is mounted on the end of the 

arm Lure shaft of the generator. 

Gear Driven:  refers to the design in which the propeller 

is mounted on a separte shaft that is 

geared to the armature shaft. The gear 

r-tio is usually from 3.5 : 1 to 4.25 : 1 

depending upon the generator characteristics 

and the shape of the propeller. 

An ampere:  is the unit of electrical flow, or she 

quantity of electricity flowing along a wire 

at a given time. 

A is the unit of electrical pressure. 

A is a unit of power, or the rate at which 

electrical ener,gy is expended. 

One watt = one ampere x one volt. 

One watt hour:  is 1 ampere x 1 volt for 1 hour. 

One kilowatt:  is 1000 watts. 



One kilowatt hour:- is 1000 vvrtts for 1 hour. 

Example:-

A 100 watt bulb left burning for 10 hours would 

consune 1000 watt hours or 1 kilowatt hour of electrical 

energy. Thus the power used by this bulb would be ; 

100 watts = 32 (volts) x amperes 

amperes - 100 = 3.12 amperes. 

The battery has then been discharged at the rate of 3.12 

amperes for 10 hours, which equals ; 

31.2 amp. hrs. x 32 volts I. 1000 watt hours. 

= 1 kilowatt. 

Representative loads :-

In December, 1939, the average cons-

umption was 2.45 11(. .Hrs. per day. This represents a load 

that could be made up as follows ; 

Lights:- (per day) 

1 - bulb - 100 watts - 5 hours - 500 watt hours. 

2 - bulbs 50 watts - 4 hours - 400 watt hours. 

3 - bulbs 25 watts - 1 hour 75 watt hours. 

1 - bulb 15 watts - 1 hour - 15 watt hours. 

Total per day = 990 watt hours. 

Lbtors:- (per week) 

1 washing machine - 280 watts - 2 hrs. . 560 watt hours 

Total per day = 560  = 80 watt hours. 
V 

Appliances:- (per week) 

1 toaster - 400 watts - 3 hours . 1200 watt hours. 
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Aptliances:- (cont'd.) 

1 - iron hours - 2100 watt hours. 

1 - mixer 80 watts - 2 hours - 160 watt hours. 

1 - vacuum cl. - 200 watts - 1 hour - 200 watt hours. 

1 - radio - 150 watts -40 hours - 6000 watt hours. 

Total . 9660 watt hours. 

Per day . 9060 , = 1380 watt hours. 

Total watt hours per day . 2450 or 2.45 K.ITHrs. 

Wire Sizes: - The following is a table of recomiended wire 

sizes for a 1000 or 2.000 watt 32 volt plant at the indicated 

distances from the generator to the battery ; 

TAME 1 

Under 50' 50, -100' 100'-150' 150' - 250' 

Size 

Actual size 

8 

1/8" 

6 4 

5/32" 7/32" 1/4" 

Ire Sizes for all Lights and Loads :- The following table 

gives the correct size of wire to use when lights or appliances 

in a 32 volt system are various distances from the battery. 

,atts Appliance Wire Sizes 
iLL.2 02 ILL iLL 

100 
200 

200' 
100 

300 1/4 H.P. Motor 75 
400 1/3 H.P. Motor 50 
500 1/2 H.P. Motor 40 
600 electric iron 35 
900 3/4 H.P. Motor -- 

300' 
150. 
100 

75 
65 
50 
-- 

500' 800' 1250' 
250 400 650 
170 270 420 
125 200 320 
100 160 250 

85 135 210 
60 90 140 
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These sizes are for motors that are not over-loaded. It 

is important to solder all wire splices to avoid unnecessary 

voltage losses. 

The Observation of Data:-

Readings of each of the watt hour 

meters wee taken at 8 a.m. and 4 p.m. and any other times 

th(J.t were necessary. Also the average cell specific gravity 

was noted at the same time. From the recording aaneter chart 

the total number of hours of charging per day was noted, and 

also the average rate of charge and top or peak charging rate 

for each hour. The corresponding hourly wind velocity was 

tabulated with the charging rate figures. 

All the plants tested were fllowed to operate whenever 

the wind was blowing. Thus they were only turned out of the 

wind during servicing periods. This procedure was neces cry 

to obtain maxiawa output data. 

P,RODUCTION TESTS ON A 32 VOLT 1000 WATT GE;11 DRIVEN PLANT:-

The first plant studied was the 1000 watt 32 volt gear 

driven unit. The current was conducted with No.8 weather-

proof wire to the instrument panel and thence to a 360 amp-

ere hour battery. The following data, shown in Tables No.3 

to No.6 was compiled in the manner outlined above. 



Table No.3 is a daily record of this 32 volt plant for 

Decealiber, 1939. 

c.11,113LE 3 

Wind-Ho. of Hrs.at m.p.11 

Tapp. Hours 
Date 8a.n. 

Hours 
not 

Ch ';-

K. W. Ave. 
Hrs. Hrs. Cell 
Prod.Cons. Sz.Gr. 

0 6 8 
to to to 
6 8 10 

10 14 18 
to to to over 
14 18 20 20 

1 32 3.0 21.0 2.31 0.25 1175 14 7 
2 33 2.1 21,9 1.48 1.22 1180 10 12 1 1 
3 30 0.3 23.7 0.29 0.72 1175 12 11 1 
4 34 10.5 13.5 3.65 1.74 1185 10 5 3 3 2 1 
5 37 5.5 18.5 2.73 1.65 1188 16 4 3 1 
6 36 13.5 10.5 4.56 1.76 1195 8 7 3 4 2 
7 20 8,0 16.0 2.93 3.76 1193 7 3 11 3 
e 39 9.3 14.7 3.15 2.59 1205 6 5 9 4 
9 30 2.7 21.3 1.53 1.64 1210 10 12 1 1 
10 26 5.5 18.5 3.93 1.63 1220 14 6 2 2 
11 40 11.1 12.9 5.46 8.41 1215 9 12 1 1 1 
12 20 9.1 14.9 7.65 9.66 1210 3 6 4 3 5 3 
13 20 0.7 23.3 0.63 3.27 1208 20 2 2 
14 27 3.6 20.4 2.63 3.07 1208 4 17 1 2 
15 34 17.0 7.0 6.78 2.16 1220 7 9 5 1 2 
16 35 13.0 11.0 4.81 2.71 1225 7 5 6 5 1 
17 24 0.9 23.1 0.74 4.70 1210 14 9 1 
18 16 0.5 23.5 0.26 1.65 1205 17 11 1 
19 7 2.0 22.0 1.32 1.90 1200 11 11 2 
20 11 22.0 2,0 12.46 2.01 1220 3 7 4 6 4 
21 16 8.1 15.9 2,88 5.64 1205 8 7 7 2 
22 16 1.0 23.0 0.78 3.98 1180 9 9 5 1 
23 10 11.1 12.9 4.70 2.72 1190 10 9 2 2 1 
24 6 1,0 23,0 0.84 1.22 1180 10 8 4 
25 0 0.0 24.0 0.00 2.26 1175 13 7 3 1 
26 -2 0.0 24.0 0.00 1.14 1170 11 8 4 1 
27 -2 3.6 20.4 2.04 0.18 1175 14 6 1 3 
28 2 0.0 24.0 0.00 1.43 1160 8 9 7 
29 1 0.0 2400 0.00 1.80 1160 12 8 3 1 
30 -7 2,3 21.7 1.26 0,00 1170 8 8 1 3 4 
31 -12 0.0 24,0 0.00 0.00 1170 11 7 4 2 

Total 156.5 587.5 62.50 76.80 Ole /SO Olt IMO Sob ONO OOP 
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Table No.4 is a condensed daily record of the sane 

32 volt plant for the month of January, 1940. 

11 1DI,Ti 

And-No.of Ers.at m.p.h. 

Temp. Fours 
Date 8a ,m,, Ch WA, 

Hours 
not 
Chn.. 

K.7,1. 
Hrs. 
Prod. 

"1:,W. 
Hrs. 
Cons. 

.;:ve. 
Cell 
Sp.Gr. 

0 6 8 
to to to 
6 8 10 

10 14 18 
to to to 
14 18 20 

OVT 
20 

1 -17 0.1 23.9 0.03 0.00 1170 10 3 2 
2 - 2 4,0 20,0 0.57 0.00 1170 17 5 
3 . 9 0.0 24.0 0,00 0.14 1170 20 2 ,, cs, ,, 
4 -31 0.0 24.0 0,00 0.00 1170 22 1 1 
5 -21 9.5 14.5 2,01 0.00 1160 6 7 6 3 2 
6 3 0,9 23.1 0,59 0.00 1182 5 17 2 
9 6 0,0 24.0 0,00 0.00 1182 19 5 
8 11 2.5 21.5 0.31 0,29 1185 3 17 4 
9 4 12.0 12.0 2.70 3,53 1180 7 1 10 5 1 
10 . 5 11,7 12,3 2,22 2.16 1180 2 3 6 8 3 2 
11 3 2,0 22.0 0.02 0.86 1175 5 16 3 
12 10 8.0 16.0 1.87 0.00 1180 7 8 7 2 
13 8 18.0 6.0 4.75 0.00 1190 5 1 7 4 6 1 
14 -11 12.2 11.8 2.74 0.00 1200 7 1 12 3 1 
15 -16 0.0 24.0 0.00 0.00 1200 14 7 3 
16 -25 10.6 13.4 2,01 1.64 1205 2 11 9 1 1 
17 - 2 13.9 10.1 3.22 1.97 1210 1 13 5 3 2 
13 - 1 21.7 2,3 5,91 2,33 1215 12 3 2 7 
19 - 1 19.2 4.8 5.03 3,73 1220 9 7 2 6 
20 -2 5.7 18.3 1,22 0.89 1220 1 3 14 3 3 
21 5 0.0 24.0 0.00 1.60 1215 6 1? 1 
22 .22 12.0 12.0 4,04 1.72 1220 3 7 1 6 2 ,, 5 
23 - 3 24,0 0.0 6,21 0.00 1225 5 3 8 8 
24 - 7 15.9 8.1 4.34 1.27 1230 7 6 5 4 2 
25 -19 1.6 224 0.81 1.04 1225 13 3 4 4 
26 10 16.0 8.0 3.53 1.49 1230 8 5 3 6 2 
27 3 1.0 23.0 0.78 4,05 1220 17 ,,:; 2 3 
28 19 7.9 16.1 2.76 2,25 1220 1 6 13 2 2 
29 15 22.0 2,0 4.11 1.15 1225 1 13 3 6 1 
30 10 240 0.0 6.32 1.94 1230 12 0 2 1 
31 10 24.0 0.0 7.91 3.41 1230 1 11 11 1 

Total -- 301,3 442,7 76.01 43.03 ••• - - Mit 

The effects of low temperrtures may be seen from this 

table of daily performances. 
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Table llo.5 is a condensed daily record of this 32 volt 

plant for the month o rebruarys 1940. 

TABLE 0 

iind-No.of nrs.at n. o.11, 

ouip. lours 
Date 8a.m. Chaoq. 

Hours 
not 
CIWG. 

K.W. 
Hrs. 
Prod. 

K.W. 
lire. 
Cons. 

Ave. 
Cell 
S3.Gr. 

0 6 8 
to to to 
6 8 10 

10 
to 
14 

1 6 8.0 16.0 1.46 2.92 1214 5 9 2 8 
2 5 7.2 16.8 1.27 1.62 1215 .1 4 6 10 
3 14 3.0 21.0 0.53 1.53 1215 20 4 
4 17 4.0 20.0 0.74 1.61 1205 9 5 5 5 
5 16 24.0 0.0 5.50 3.91 1200 1 2 16 
6 10 9,5 14,5 1.53 2.34 1195 6 5 4 6 
7 4 1.0 23.0 0.27 1.94 1195 18 2 4 
8 3 23.0 1.0 4.04 2.41 1210 1 1 1 13 
9 21 15.5 8,5 3.11 2.36 1213 4 12 
10 31 9.7 14.5 1.34 2.31 1210 6 5 7 
11 25 2.4 21.6 0.68 1.68 1205 10 7 1 
16 20 2,8 21,2 0,74 '3.16 1203 12 4 6 2 
13 6 24.0 0.0 11.99 4.66 1215 1 2 5 2 
14 20 24,0 0.0 17.98 7.60 1225 
15 6 10.5 13.5 1.10 1.77 1230 7 4 4 8 
16 5 0.0 24.0 0.00 1.12 1225 11 10 3 
17 8 12.0 12,0 1.26 3.39 1220 1 5 3 
18 19 14.4 9.6 5.93 3.42 1225 4 2 2 6 
10 11 23.3 0.7 9.76 6,86 1230 2 1 1 
20 7 6.2 17.8 1.45 3,23 1225 8 8 6 2 
21 7 16.3 7.7 3.74 1.44 1225 1 5 3 4 

22 -19 2.2 21,6 0.08 2,24 1220 17 2 2 3 
23 -26 0.4 23,6 0.07 3.44 1213 20 4 
24 -31 0.0 24.0 0.00 2.57 1207 17 4 3 
25 -12 13,6 10,4 2.92 3.23 1205 3 f7r, 0 4 6 
26 2 18.2 5.8 5.74 3,24 1210 3 3 6 
27 1 5.0 19.0 0.02 0,00 1210 11 5 3 5 
28 - 3 23.0 1.0 6.37 0,00 1210 7 1 3 
29 9 24.0 0.0 6,43 0.00 1225 1 3 6 

Total -- 327.2 368.8 98.35 76.00 -- - am Ow -- 

14 18 
to to over 
18 20 20 

3 

5 
1 

7 1 
4 3 1 
4 

1 1 12 
6 2 10 
1 

7 8 
5 3 2 
9 5 6 

10 1 

8 
10 2 

9 4 
9 4 1 
.. Mk 4I0 



Table No.6 shows the daily records for the nonth of 

liarch, 1940. 

r2Enp. Hours 
Date 8a.m., Chgfr,, 

Hours 
not 
OWz. 

TABLE 6 

Wind-No.of Hrs.at m.P.b. 
K. W, 
firs. Hrs. 
13/%0/ Cow l&

Ave. 
Gel]. 
07).Gre

0 8 
to to to 
6 8 10 

10 
to 
14 

14 
to to over 
18 20 20 

• 

1 8 3.0 21.0 1.44 0.00 1226 13 2 4 2 iJ 

2 16 3.5 20,5 1.63 0.00 1228 4 7 6 6 1 
3 15 0.0 24.0 0.00 0,00 1227 22 2 
4 20 0.0 24.0 0.00 0.51 1225 16 7 1 
5 29 1.5 22.5 0.27 1.13 1222 8 2 1 4 
6 24 1.5 22.5 0.26 0.63 1218 11 2 3 6 
7 24 0.0 24.0 0.00 0.00 1218 15 1 6 2 
8 22 19.5 4.5 4.79 1.90 1218 8 14 
9 23 21.0 3.0 5,42 5.49 1220 6 12 2 
10 10 24.0 0.0 9.65 10.30 1220 6 7 11 
11 10 24,0 0.0 8.21 10,73 1218 5 10 7 2 
12 9 11.5 12.5 1.45 4.78 1215 0 3 7 9 
13 - 3 2.0 22.0 0.32 4.46 3208 5 7 5 
14 6 0.2 23.8 0,01 2.72 1200 13 11 
15 15 11.5 12.5 3.37 2,59 1195 0 3 4 1 1 1 5 
16 29 14.0 10.0 3.20 1,11 1195 6 4 6 3 2 
17 29 10.0 14.0 3.01 0.68 1200 13 2 1 6 2 
18 27 11.0 13.0 2,73 1,21 1.202 12 3 2 6 1 
19 17 22.7 2.0 4448 0.34 1208 0 1 4 1 5 7 
20 7 10.0 14.0 0477 0.69 1208 0 4 1 9 1 
21 0 0,5 23,5 0.77 0,69 1208 0 7 8 
22 3 1.5 22.5 0,25 8.01 1.395 s 3 9 8 
23 - 1 0.0 24.0 0,00 0.68 1190 15 4 5 
24 - 1 0.0 24.0 0,00 1.72 1185 5 12 7 
25 10 2.0 22.0 0,21 2,14 1174 8 9 6 1 
26 8 19.5 4.5 7.99 0.34 1190 1 6 5 1 11 
27 11 24,0 0.0 18.20 1.35 1205 24 
20 21 24.0 0.0 10.69 4.81 1215 1 1 3 13 2 4 
29 22 10,5 13.5 1.88 5.82 1205 7 8 1 8 
30 12 0.0 24.0 0,00 2,97 1190 18 2 4 
31 26 22.0 200 5,80 1 01 1180 2 10 9 3 

Total 294.2 4.49.8 96.18 78.90 1.0 IMF 4100 4WD OW 41•• 



Comments on Tables Ho.3 to No.6 :-

Table No.3 shown the effect 

of temperature changes when the figures for December 1st. and 

December 2nd. are compared with the corresponding figures for 

December 25th. and 26th. Thus as the temperature falls the 

total output is lessened for any given wind movement. also it 

may be noted from the sane table that the plant was only oper-

ating for 21.5<70 of the time for the month of December. 

When a similar comparison is made for the month of Jan-

uary from Table No.4, it is seen that the plant was operating 

for 40.5;1; of the total tine for that month, or almost twice 

as long as for the previous month. 

The percentage of tine that the plant was operating for 

the month of February nny be computed from Table No.5 on page 

21, and is found to be 47.0% of the total time. In the same 

comparison from Table No.6 of the performance for March it is 

found that the operating time was 40.8% of the total time. 

Due to the long calm spell in January, the discharge 

load had to be reduced to an average of 1.39 K.W.Hrs. per day 

during that month. On the farm the procedure in such a case 

would be to reduce the load from motors and appliances and 

also use a minimum of lights to prevent excessive battery drain. 

In Tables Nos.3 to 6 inclusive it may be noted that the 

actual number of hours of wind, at several differnet velocity 
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ranges, have been computed. his provides much more 

comparable data than is supplied by merely the average 

velocity for each day. L very definite relationship between 

the generator output and the wind velocity and wind move-

ment may be seen from these tables. For example, T able No.6 

shows that on march 23rd. and 24th., there were 5 and 7 hours 

of winds in the 8 to 10 mile per hour bracket and Vet no 

charging occured. But on Lierch 25th. with only one hour of 

wind in the next higher wind bracket the plant did some 

charging. 

Table No.7 on the following page is a monthly culinary 

of the production and consumption from this 32 volt, 1000 watt 

gear driven plant during the year commencing December 1st. 

1939 and ending November 30th.,1040. 



Summary, 1939-40:-

No. 
Month Days 

6 TABLE 7 

No. No. I. '.-rs. K.W.Prs. 
days days Prod. used 
no no from from Batt. 
Chig. Disc'. Goner. Batt. Effic. 

K.W.Hrs K.W.Frs. 2 Ave. eve 
Prod. Prod Prod. K.W.Prs. 
4 p.m. 8 a.n. at Prod used 
8 a.m. 4 p.m.  late. per day per day. 

Dec. 31 5 2 8_.50 76.80 55.15 27.35 66.8 -.66 .45 
Jan. 31 5 11 76.01 43.06 M1411, 47.04 28.97 -)9.9 2.45 1.39 
Feb. .2.9 2 - 98.35 76.00 r=I•••• 55.59 42.76 56.5 3.39 2.45 
iar. 31 6 0 96.18 78.90 58.94 37.24 61.3 3.31 2.54 
Apr. 30 1 0 120.10 119.80 .0 AM 66.07 54.03 55.1 4.00 3.99 
ay 31 0 2 110.30 96.75 .000 63.18 49,12 55.5 3.56 3.12 
June 30 0 6 103.60 87.49 ODMI, 57.83 45.77 55.7 3.45 2.92 
July 31 1 6 69.62 55.40 37.09 32.53 53.2 ,..25 1.79 
Aug. 31 0 0 97.10 82.40 52.08 45.02 53.6 3.13 2.50 
Sept. 30 1 0 51.44 50.74 29.19 22.25 56.7 1.72 1.59 

A Oct. 31 0 3 101.30 108.15 57.41 43.89 56.6 3.27 3.49 
Nov. 30 3 5 98.51 80.78 51.30 47.21 52.1 3.28 .69 

12 mo 366 24 39 1105.01 956.27 86.5: 628.87 476.14 56.9' 3.02 2.61 

The battery was fully charged (sp,gr. 1235) at the beginning of October and fully 

discharged (sp.gr. 1170) at the end of 0ctober,.940.,thus more current was consumed 

than was produced during this month. The battery efficiency could not be computed for 

each month because the specific gravity was not the same at the end of the month as at 

the beginning. However, at the end of the test yeat the gravity was approximately the 

same as at the beginning, so the battery efficiency for the entire year is shown. 
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Also it mill be noted that there were 11 days during 

January, 1940 then there was insufficient energy in the batt-

ery for normal consunption. This, however, was during a period 

of almost unnrecedented sear as may be seen from, the wind 

data in Table 110,8. 

While there were 37 days in the year that the battery 

did not have sufficient energy to allow any consumption, yet 

under actual farm conditions the number would not have been so 

great. The load of motors and appliances under faro conditions 

would be reduced or cut off entirely during long calm spells 

to ensile the battery energy to be conserved for lights only. 

During extreme calms the light load mould also be reduced 

somewhat. Under our test conditions we allowed the regular 

discharge rate to continue until the bc.ttery was run down, and 

thus we did not reduce the load at all. 

Columns 8, 9, and 10 of Table 110.7 show the relationship 

that appears to exist between the wind movement at Saskatoon 

during the day and during the night. In practice on the farm 

it is found that the plants are usually shut off at dusk. 

_'apparently this practice could be the cause of a great elec-

tricity shortage. It mould appear that during the minter months 

there is even a greater percentage of usable wind during the 

dark hours than during the daylight. The figure of 56.9Y, of 

night production would appear to be relatively significant 

since there is good correlation during the entire yerz. 



Table No.8 compares the production with the average wind velocity and the total 

wind movement for each month. 

Summary, 1939-40 :- 

Ave. 
Wind 
Vel. 

Alf.Wind Total 
Velocity Miles 
for last Wind 
6 years. Movmft. 

TABLE 8 

K.W.Hrs. Index of K.W. 
Prod.per Hrs. Produced 
100 miles per month; 
Wind YovIt. April = 100. 

r4 
/0 

days days 
no no 

Month Chigig,Disch. 

Av.Eiles 
Wind Lov't. Y.W. 
for last TIrs. 
6 years. Prod. 

Dec. 19.2 6.4 9.9 10.9 7341 8657 82.50 1.124 69 
Jan. 19.2 4.19 8.6 10.1 6390 7077 76.01 1.189 63 
Feb. 6.9 6.9 9.5 9.4 6600 6469 98.35 1.490 82 
Mar. 19.4 0.0 9.6 11.8 7105 9175 96.18 1.353 80 
Apr. 3.3 0.0 12.3 13.0 8853 9324 120.10 1.357 100 
May. 0.0 6.4 11.6 13.8 8674 10245 110.30 1.272 92 
June 0.0 20.0 11.0 11.6 7929 8348 103.60 1.306 86 
July 3.2 19.3 9.5 10.9 7054 8138 69.62 0.987 58 
Aug. 0.0 0.0 10.8 11.2 8089 8327 97.10 1.200 81 
Sept. 3.3 0.0 9.1 10.6 6572 7607 51.44 0.783 43 
Oct. 0.0 9.7 10.9 12.1 8080 9033 101.30 1.254 84 
Nov. 10.0 16.6 9.8 11.2 7070 8023 98.51 1.393 82 

It will be seen from the above table that the K.'7.Hrs. produced per 100 miles of 

wind movement was very lou in July and September, 1940. From examination of the wind 

record it was found that the average velocity for these two months was made up of uni-

formly low velocity winds instead of winds of more widely val'ying velocities,as was the 

case for the other ten months. This fact accounts for the lower production for July and 

September. 
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It will also be seen that the average wind movement for 

the entire twelve months was below the six-year average with 

the single exception of February. Thus it could be assumed that 

if an average monthly wind movement of 7480 miles gave an 

average monthly production of 98.09 K.W.Hrs., then a probable 

production of 110 K.W.Hrs. average per month could be expected 

from this 1000 watt, 32 volt plant. This would give an average 

yearly production of 1320 K.W.Hrs. at Saskatoon. 

Bench Tests on Tzpioal Gear Driven 32 Volt Gener-tors:-

The 

following is a sumary table of the characteristics of gear 

driven generators. These tests were accomplished by driving 

each generator with an electric motor and using accurate 

ammeters and voltmeters to check the output from the unit. 

TABLE 9 

Generator 
Rating Type of Amperes 
(watts) Drive Output 

Armature 
Voltage R.P.M. 

Prop. Watt 
R.P.M. Output 

1200 Gear 4:1 10 37.0 944 236.0 370.0 
1200 I? 20 40.0 1224 306.0 800.0 
1200 .? 30 44.0 1662 415.5 1320.0 

1000 Gear 4.3:1 10 37.0 924 215.0 370.0 
1000 " 20 39.25 1140 265.0 785.0 
1000 17 30 43.0 1598 371.0 1290.0 

650 Gear 6.3:1 5 35.0 1404 223.0 175.0 
650 10 36.5 1612 256.0 365.0 
650 16.5 311/0 2540 403.0 043.0 

Note that the maximun r.p.m. for the propeller barely 

exceeds 400 r.p.m. for a gear driven generator. This fact 
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makes it necessary to design the propellers for such units 

entirely different from the propellers on direct drive plants. 

It is interesting to note from Table lTo.9 that the me:aura 

watt output for the 1000 watt, 32 volt plant herein cited is 

well above the rating of 1000 watts, 

Graph No62 on page 29 gives the relationship betw.een the 

wind velocity and charging rate for Uovenber, 1940 for this 

plant. This month was chosen because it was just moderately 

cold. The curve shows that when the wind velocity reached 14 

miles per hour, the resistance of the oil in the gear case uns 

overcome and the charging rate increased more rapidly. Then 

at 20 n,p,hr. the governor started to act and reduced the 

rate of increase in the charging rate. However, it did not 

hold the plant to a single average charging rate for all 

velocities ?aver 20 miles per hour. 

PRODUCTION TEST ON A 1250 WATT, 32 VOLT DIRECT DRIVE PLANT:-

On Noveriber 30th. ,1940, a 1250 watt, 32 volt plant was 

placed on a GO foot tower located between the Powerhouse and 

the Engineering building. This location was chosen because of 

its freedom from wind obstructions 

and its proximity to the instrun-

ent board. On the left is a view of 

the erection of the tower. It ws 

hinged at the base and pulled into 

an upright position with a tractor. 
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The picture belay shows the position of the plant when 

erected in relation to the two buildings on either side. 

Table No.10 is a monthly sunnnry 

of the production and consumption 

from Chid direct drive plant from 

Decanber 1st. 1940 to riarch 23rd., 

1941 inclusive. Aae battery effic-

iency couldn't be calculated bec-

ause of the difference in specific 

gravity at the beginning and end of 

1250 -Jett Direct Drive the test period. 

iM 

TABLE 10 

No. No. K.W.Hrs. 
days days Prod. 
no no from 

used 
frma 

21re. 

Prod. 
er da 

Ave. 
K. W.Hrs. 
used 
er da 

Dec. 31 3 13 51.47 38.51 1.66 0.92 
Jan. 31 6 18 121.41 69.03 3.91 2,22 
-2eb. 28 13 21 07.32 28.86 2.40 103 

23 4 13 101.61 42.85 4.42 1.86 

Total 113 26 65 331.81 169.25 3.09 1.51 

The average K.W,Hrs, produced per day is not a very 

significant figure for such a short test period. thus it 

should not be taken from the above table for precise comp-

arison purposes. Table No.11 on page 32 compares the prod-

uction from this plant with the average wind velocity and 

the total wind movement for each month of the test. 



Summar/,_4_months TABLE 11 1939-40 

/0 /0 Av.Wind Total Av. Miles K.W.Frs. 
days days Aver. Velocity miles Wind Mov't. K.T!. Prod. per 
no no Wines for last wind for last 'ire. 100 miles 

Month Chglg. Disch. Vel. 6 years Lovm,t. 6 years. Prod. Wind Lovit. 

Dec. 9.7 41.9 8.0 11.0 5985 8194 51.47 0.86 
Jan. 19.3 58.0 10.0 9.6 7463 7136 121.41 1.63 
Feb. 46.4 7 .0 8.2 9.5 5550 6451 67.32 1.21 
Ear. 17.4 56.5 14.3 11.4 8425 8538 101.61 1.20 

Aver. 23.2 57.8 10.1 10.4 6856 7580 82.95 1.22 

From the above taA.e, the K.W.7rs.produced during the month of December, 1940 

was 51.47. Yet the average wind velocity for the same month was 8 n.p.hr. Compare 

these figures with the corresponding data for the month of February. This shows 

that about 16 K.W.Hrs. more electricity was prckuced during February with almost 

the same average wind velocity. This is an indication of the fact that average wind 

velocities are of ver: little value in estivating the probable output from a given 

sized plant in any area. Such esti ates should always be made from a perusal of 

wind data as laid out in the monthly table for the 1000 watt, 32 volt plant. 
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Graph No.3 on page 34 gives a comparison of the relative 

charging rates and wind velocities. The solid lines indicate 

the charging rate for the complete plant, ie. governor plus 

propeller. The broken line indicates the charging rate when 

the governor was removed from the plant. The purpose of this 

removal test will be discussed in a later section under 

governors. 

The data used to make these and later such curves con-

sisted of many individual readings. In some cases where data 

was scarce the extreme ends of the curves were well establi-

shed even though there were parts inbetween which had to be 

drawn with only a degree of approximation. 

This plant gave continued operation with only minor 

trouble. The governor adjusting and lock nuts came loose 

several times. It would appear that they should be of the 

self-locking type. 
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YRODUCTION TEST ON /11200 WATT, 32 VOLT GE :11. DEMI: UNIT:-

This plant was very similar to the 1000 watt gear 

driven one described earlier. However, the propeller on the 

1200 watt plant was 12 feet long as against 11 feet in the 

other unit. The gear ratio in the larger plant was 4:1 

insted of 4.3:1 Graph !k3.4 on the following page is a 

comparative picture of the uind movement and the charging 

rate. Note that the initial or starting wind velocity was 

9 m4p.hr. :,gain the ".il" curve indicates the average charging 

rate, and the "B" curve shows the top instantaneous rate as 

recorded by the recording ammeter. 2,ctually for selection 

purposes the "A" curve should be used for the other one is 

misleading, since it is only the rate for a small fraction 

of tine. 

The ricture to the left 

shows the location of this 1200 

watt plant on tor of the tower-

house on the Engineering build-

ing. The plant itself was approx-

imately 75 feet from the ground 

level and 20 feet above the roof 

of the tower-house. 

Various oil mixtures and 

I 

‘4111 

grades were used in the gear case 

of this unit, and will  be discussed 

1200 Watt Gear Driven Unit under 'Gear case Lubrication' 
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Note that the upper portion of the "B" curve indicates 

that this plant would produce approximately its full rted 

wattage. Tables similar to those on pages 31 and 32 were not 

available because of the very short time that this plant was 

actually on test. However, the production figures are not as 

important as the characteristics curves. 

PRODUCTION TJ3T ON A tHODELt 200, 32 volt PLANT :-

In February, 

1941 the 1200 watt gear driven plant was exchanged for a 

Ilbdel 2001 which was also a gear driven unit with a ratio of 

4;1. This plant was equipped with a similar type of governor 

to that used on the 1000 watt and 1200 watt plants described 

above. However, this governor had better pins and bearings etc. 

Graph No.5 shows the charging characteristics of this plant. 

the solid line on the graph indicates for the "A" curve, the 

average rate and for the "B" curve, the peak rate for temper-

atures around 0°F, The solid "A" curve shows that the plant 

would cut in at about an 8.5 m4p.hr. wind velocity. However, 

when the air temperature droped to -20°F. the starting point 

was about 14 m.p.hr. This would definitely indicate that with 

increasingly colder weather the total output from the plant 

be correspondingly decreased. It was the striking effect of 

cold weather on the performance of the various plants that 

gave the suggestion for gear case lubrication and resistance 

tests that will be discussed later. Of course, when the temp-

er.: ture was as low as -20°F. the plant could be started by 
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means of the starting button in about a 9 or 10 mile wind. 

But then the temperature drop-2ed nuch further, then even 

the assistance from the starting button on the instrument 

panel was not sufficient to rotate the propeller against the 

high friction of the solidified oil. I merely wish to point 

out here the lack of efficiency in this type of drive when 

temneratures below (fF• are prevalent. 

The dotted curves on the same graph indicate the charg-

ing rate then a different type of governor was used. The 

relative merits of each of these governors will be discussed 

later. The important point to be stressed in connection with 

the curves on page 38 is the position of the peak charging 

point. ?he "I," or average curve taxers off at about 15 amperes. 

Since in commuting the wattage of any unit a voltage of 40 

is used, then this would represent an output of 15 x 40

600 watts. Similarly, from the "B" curve the output would be 

17 x 40 = 680 watts. This output is quite low, as this unit 

was expected to be of at least 1000 watt size. 

Graph NO.6 on the following page is a comparison of the 

1200 watt and the ilodel 200 gear driven plants. It is evident 

from this graph that the Model 200 has an initial output point 

of 550 armature while the corresponding output point 

for the 1200 watt unit is 950 r.p.m. This means that the 

former plant will commence charging et a much laver speed than 

the latter. However, in following the curves to their conplo-
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tion it nay be seen that the output from the . oriel 200 is 

Only 1050 watts at an armature speed of 1800 while 

the 1200 watt unit has an output of 1500 watts at this sane 

repine In other 'words, the I:odel 200 vidll produce more elec-

tricity at lower speeds, but at the same tin() the top charg-

ing rate will be reduced. This means that the unit will be 

more satisfactory in low uinds, but it will loose out in the 

high winds. Sone further work was done with this Llodel 200 

unit during the fall of 1941, after the plant was returned 

from the factory. 'The output: was slightly higher, with a very 

top output of 22 amperes after the field pokes were altered. 

But even at this charging rate the naximum output from the 

unit 'would be 22 z 40 gs 880 watts. Probably this point should 

not be over-stressed, because the plant nrobnbly would be 

satisfactory provided a large enough battery was used, and 

the calm spells were not too prolonged. 

PRODUCTION TEST ON A 6 VOLT, 250 WATT PLANT:-

This plant was 

erected on December lst„1939, but an accumulative ampere 

hour meter was not available until February, 1940. This meter 

was then checked with accurate instruments and a correction 

factor determined for It. The graph for this correction factor 

was shown on page 12. The following table is a sun.y:Ty of the 

production of this plant from February, 1940 to November of 

the same year. The output per month should be compared with 



the wind data table on page 27. 

T4'..13LE 

No. of Amp, Drs. K.U.Ers. li. 1Irs. Prod. 
Period Days Produceq„ Produced per day. 

Feb.10-29 20 1679 11.30 0.57 
Larch 31 2139 14.64 0.47 
Tril 30 3055 20.88 0.70 
flay Plant not operating 
dune ft It tt 

July 4-31 27 1145 7.83 0.29 
Aigust 31 1425 9.76 0.31 
September 30 605 4.14 0.14 
October 31 2378 16.25 0.53 

November 30 2424 16.58 0.55 

Total 230 14850 101.47 0.44 .":.ve./day. 

This plant was out of production, as indicated, due to 

a propeller breakage. The propeller was not a failure, but 

broke in a high wind when it struck the tower standards 

because it was six inches longer than specifications. 

little difficulty was experienced due to hoar frost 

collecting on the collector brushes. Otherwise the operation 

of this unit was excellent. The daily average output of 

.44 K.W.Iirs. is exceptionally good for this size of plant. 

Table No.13 is the record of bench tests on typical 0 

volt generators. 

Generator 
Rating Type of Amps. 
jaatts) Drive. Output Voltage 

TABLE 13 

Propeller Output 
(watts) 

250 direct 15 9.5 544 544 142.5 
250 ,: 25 11.0 776 776 275,0 
250 :4 46 13.75 1434 1434 632.5 

125 21 10.25 1488 1488 215.5 
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The picture to the 

left indicates the pos-

ition of this 250 watt, 

0 volt plant on top of 

the Engineering building. 

The location was open to 

the wind with the excep-

tion of some interference 

from the south-East. This 

tower was 20 foot high, 

and thus the unit was 

actually located about 

05 feet fron the ground. 

250 att, 6 Volt Plant 

PRODUCTION TEST ON A 235 1.AT2, 6 VOLT PLAIT t-

This unit was 

of the direct drive type. Its chief difference in construction 

from the 0 volt plant alrec dy described was in the Ilethod used 

in governing. This 235 watt plant used the 'slip-the-wind' 

principle of governing. As the wind velocity increased the 

entire unit, propeller and generator, would tip back and there-

by reduce the effective area of the propeller facing into the 

wind. The main purpose of the test was to see if the governing 

device would opera to to satisfaction under our varying wind 

conditions. The first two tests net with disaprointnent since 
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the frame of the plant was not strong enough to stand the 

stress of the gyroscopic action of the propeller blades as they 

governed. The weakness of the frame was determined by an exam,-

ination of the broken parts. The re-designed factory unit was 

then returned and erected again in the fall of 1941. To date 

of writing this frame has stood the test of high wind veloc-

ities without showing signs of failure. 

Graph No.7 on page 44 is an output test on the generator. 

this curve shows the cut-in speed to be about 280 r.p.m., and 

the top output about 245 watts. During this test the generator 

remained remarkably cool in spite of operation at peak load 

for several hours. coolness is due to the fact that the 

wiring on the armature is not too compact and so allows a 

good deal of heat transfer to the current of air passing through 

the generator case. 

I 

4\ 

Frame Failure 

the frame failure in this 

Graph No.8 on page 40 shown 

the charging charactdristics for 

this plant in the same manner as 

for the other plants. Note that 

the unit starts to charge in a 7 

mile per hour wind and reaches a 

maximum wattage of 240 watts. 

(calculated at 8 volts.) 

The picture to the left shows 

unit. Ails trouble has apparently 
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been entirely relieved. The adjustment and servicing of this 

plant, particularly the governor, will be discussed later. 

GOVERNOR TISTS 

Theoretically a 'governor' is the tern which 

is applied to any mechanical device, which may or nay not be 

a separate piece of equipment in itself, but which will control 

the speed attained by a propeller operating under fluctuating 

wind velociUes. Improveuents in bearings etc. ,has resulted 

in plants which have a very low inertia. This is one of the 

rain foots that make governing devices on wind driven plants 

of major importance. Even with the best types of governors 

known the generator r.p.m. will fluctuate as much as 50c,; in 

heavy wind gusts. .hen it is realized that the most efficient 

operation of a generator depends upon the revolttions per 

minUte produced by the propeller, then it is apparent that 

any factors that influence the propeller speed will materially 

influence the generator charging rate. Some areas do not exp-

erience gustiness to the degree that is generally evident in 

Saskatchewan. Control of the units in such gusty winds is one 

of the problems in this field that still retains to be ironed 

out. 

But a mere control of the plant in high winds is not 

sufficient service to expect from a governor. The governor 

should be capable of providing some additional starting torque 

in low wind velocities as as check the high speeds. In 

other words the governor itself should be capable of causing 



rotation of the armature shaft. Because governors are thus 

such an important factor in the success of a wind electric 

plant it was decided that they should receive some ccreful 

study. 

2pvernor 'es*; 'Tool :-

The first governor studied was the cent-

rifugal action air-brake type as found on the direct drive 

1250 watt plant in construction this governor consists of 

I 
—. . 

NMI II MIS MU et; - . 
MOM UNMUMW ' 

MMMIOTIPIE 
Alliii allill  

4.11. .1 4  lw 

- ote the Flap Pitch 

outer pine. 2he flaps are set 

the propeller when in the 

gwo metal flaps fastened to a 

cast hub by means of two con-

centric pipes in such a manner 

that as the force of rotation 

causes the lap to draw out-

ward from the central hub they 

are turned by a scroll in the 

to the same angle or pitch as 

non-governing position. :s the 

speed of the propeller increases this pitch is reduced to 

zero and then the flaps take 

the opposite pitch to that of 

the propeller. Alus the unit acts 

as a means of distributing the 

rarified air paths set up by 

the airfoil action of the prop-

Note the 0 r ualizer eller. tyre of governor is 

shown in the accompanying pictures. The lower picture shows 

• 
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the spring tension equalizer uhich causes the governor blades 

to act together and thus remain in dynamic as uell as static 

balance. 

This governor test was done partly as a bench test and 

partly on a GO' tower. Graph Ko.0 on page 50 is an illustr-

ation of the power developed by such a governor. This curve 

indicates the combined results of bench tdsts and tower tests. 

In Test No la the generator plus the governor were tested in 

the following manner. 

suitable sturdy stand uns mzde uron uhich was mounted 

a generator that had the leads insulated so that it could 

rotate uithqut developing any current. :my suitable shaft and 

bearing assembly could have been used but the above set-up 

provided an easier means of supporting the governor. The gov-

ernor to be stndied was secured to the generator stop flange. 

The unit was then driven through a fvf belt from an electric 

motor uhich had its current supply governed by a rheostat. 

This meant that the speed of the governor could be varied 

uithin very close limits. flimeters and voltmeters were placed 

in the line to the motor so that the actual power required to 

drive the governor could be determined after the efficiency of 

the electric motor had been calculated. 

2rom Test 'Toile the amount of power required to rotate 

the governor at different speeds vas determined. In Test No.lb, 

by removing the governor and wiring the generator to a battery, 
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its voltage at different speeds was found. In Test No.lc the 

governor was placed on the 60' tower and fastened to the gen-

erator without the propeller, nd the voltage reading of the 

plant was checked with the wind velocity. 2rom these three 

tests the voltage was a common factor, and thus the horse 

power developed by the governor could be plotted against %he 

wind velocity. Zhe following table was compiled from governor 

Test No.la by driving the governor as described above. 

TABLE 14 

Governor Gross Power Net Power E. P. 
'4P.Ri. Input (watts) Input (watts) Revired. 

120 244 30 .040 
145 261 47 .060 
198 279 65 .000 
230 296 78 .104 
319 348 124 .165 

K 380 360 130 .174 
396 580 342 .460 
403 764 526 .700 
430 1321 1081 1.460 
460 1680 1440 1.930 

K The governor starts to function at this speed. 

Table No.15 shows the resalts of Test No.lb done with 

the 1250 watt genertor without the governor. It indicates 

the amount of power reciuired to drive thd generator at var-

ious speeds and its corresponding output. :Ale specific 

gravity of the battery for these tests was 1.200. Graph "To.10 

on page 53 represents the nowe2 developed by the gbvernor in 

Test No.1c, where only the governor was left on the armature 



shaft. 'he curve shows that in a 22.5 m.p.hr. wind the 

governor will rotate rapidly enough to douse the generator 

to cut in. At 25 miles the generator is charging at the rate 

of 3 amperes. 

TABLE 315 

Generator Output Power Required 

ii4p.r4 Amperes Volts Watts Watts E.P. 

224 0.00 31.0, 0.0 333 .44 
234 0.25 32.5 8.0 360 .48 
260 3.00 35.2 105.6 700 .94 
276 5.00 38.0 190.0 950 1.27 
332 11.50 43.0 494.5 1432 1.92 

ilf111 

ti

Bench Test Equipment Used for These Governor Performance Tests 

However, this is not the important factor. It must be 

remembered that the greatest benefit can come from such a 

governor when the propeller is just about to start turning 
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and during low propeller r.p.m. The lowest point on the 

above mentioned curve shown that this type of governor is 

a great assistance in supplying this additional starting 

torque. 

gpvernor Test NoiAj-

The basic principles of this type of 

governor nay be best understood from the pictures to the 

left. Note that there is no sep-

arate mechanical unit as in the 

type just described. The generator 

is pivoted with a trunion pin at 

the rear so that as the wind 

pressure increases the propeller 

will tend to tip back with the 

Scale Eadel,Nat Governixls generator. The amount of tipping 

is counter-balanced by means of a spring in tension. 

This 'slip-the-wind' type of governor could only be 

tested by observation on the tower. 

As mentioned before, the first plants 

equipped with this governor failed 

in the main frame. This failure 

may have been partly due to poor 

7 adjustment of the governor spring. 

Governing Position The governing t this time was quite 

rough, that is, the propeller and 
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generator would snap down onto the rubber base at the slight-

est lull in the wind. This resulted in considerable vibration. 

The problem was solved by the manufacturer. Ihey now equip 

each plant with a hand scale by which the operator tiny check 

the pressure required, at various positions down from the 

Propeller hub, to start the genertor tipping backwards. The 

governor spring is adjusted within very close limits and thus 

the governing action may be readily controlled. '1'ests were 

done at the factory to determine the correct spring tension 

for each plant size. A table of required pressures at differ-

ent points on the propeller is furnished to each user with 

the hand scale. 

The proper adjustment of this type of governing mechan-

ism cannot be over-stressed. A slight variation from the 

correct spring tension uill cause the governing action to be 

very rough, resulting, in loss of power and damgo to the plant 

and tower. From observation it would nppear that this govern-

ing principle, when the unit is properly adjusted, gives 

positive and accurate speed control with a minimum of working 

parts and loss of power. 

GOvernor Test roL3 

Governor 

This test was done with the 

lair-spill' type of governor 

used on all the gecx driven 

plants tested. This governor 

may be seen in the picture. 
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It consists of two flaps set at right angles to the propeller, 

and so fastened that as the r.m.m4 increases they will rotate 

about their centres and pass obliquely through the air. This 

sets up air currents which tend to break down the partial 

vacuum formed by the air-foil action of the propeller. Thus the 

actual effect on the propeller is the sane for this governor 

and the one described in Governor Test No.1 Table No.16 gives 

the power consumed by such a governor at various speeds. 

T. LE ,16 

Governor Gross Power Net Power 11. 7). 
R.P,N6 Input (watts) Input (watts) Required 

153 351 143 .102 
190 434 220 .295 
221 473 25? .344 
230 474 258 .345 
246 476 269 .346 
284 530 308 .413 
311 585 361 .484 

If 330 680 452 .607 
332 725 498 .668 
334 1018 794 1.070 

IC Cut-in speed of the governor. 

The flaps on this governor stayed closed until the 

speed reached 330 r.p.m., and then they suddenly opened to 

practically their full extent. Upon the reduction of the 

speed the flaps again closed quite suddenly around the same 

speed. This fact explained why- the speed of plants equipped 

with such governors fluctuated considerably at and after a 

governing speed was reached. 2uoh fluctuating was noticed 



many times under tower operating conditions. 

Graph No.11 shows the power required by the various 

parts of the plant. The three curves represent three indiv-

idual tests. Curve No.1 indicates the amount of energy re-

quired to rotate the governor alone tin the test stand. Curve 

N0.2 illustrates the energy necessary to rotate the generator 

without the gear case drive at various speeds. Curve No.3 

illustrates the same as No.2 but with the drive through the 

gear case. In comparing these curves we see that at a prop-

eller shaft speed of 100 r.p.m„ the governor will require 

.08 E.P„ while the generator alone will require .13 H.P., 

and the generator plus gear case will require .01 H.P. In 

other words, before the propeller is turning fast enough 

to generate any current the governor is acting as a load to 

the extent of 13 of the energy required to actually drive 

the generator through the gear case. This represents a loss 

of 13 of the low speed torque. This figure would likely be 

considerably higher at the initial starting point. In com-

paring the curves at 150 r.p.ri., it may be seen that the 

ratio of power consumption is as .18 : .28 : 1.15 horse rower. 

Thus at this speed, just after the generator has cut in, the 

governor will waste 15.(:) of the propeller energy. 

The governor of this type used on the 1000 watt gear driven 

unit was found after a year of service to be badly in need 

of repair. All of the ninn and links were badly worn. This 

wear was sufficiently pronounced to allow some governing action 
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even at low wind velocities. Aiis trouble has been somewhat 

overcome in later models by the use of brass bushings. 
" IINISM 
ir The picture to the left was 

taken during the testing of this 

governor. 1Tote that the governor 

has some additional flaps fastened 

to the frame. These were so placed 

vral in an attempt to add sane starting 

torque to the unit. liawever, there 

appeared to be too much inertia in 

the governor itself to allow such 

pitched flaps to have any benef-

sAicr-Spille Governor icial effect. In the picture the 

operater nay be seen with his hand on the speed control. 

Baril TESTS ON WI ED POWER 32 VOLT PLANT :-

During the spring of 

1941 tentative arrangenents were made to test another type of 

direct drive 

Nam a. • 

th. 

NA& 

Generator '12estine.1, 

plant. Zhis unit had a variable pitch propeller 

which acted as a governor. However, 

the entire test could not be done, 

but bench tests were completed 

on two such generators. The 

picture to the left shows the 

testing of this type of generator, 

the power being supplied by a 

farm tractor. Graphs NOs.12 and 13 

H 
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indicate the results of such tests. Note that the generator 

had a very low cut—in point in each case which woad tend to 

prove that it was a very low-speed unit. This ni3'ht have some 

bearing on the maximum output which apreared to be rather low 

for the wattage rating. 

SPECI2I rwii.ECTRIC 17/MLLE:TO AMP 

During the period of testing 

the various machines there have been certain rather isolated 

problems that have appeared. I now propose to discuss some 

of the more important of these cases. 

Hoar Frost 

Every minter several days of severe ::soar frost 

weather was experienc 

Hoar Frost Formation 

The frost usually builds up during 

a period of calm, and then cont-

inues to form while a breeze or 

wind is blowing. This results in 

heavier formations at the leading 

edge of the propeller. In many cases 

this heavy formation mill turn into 

solid ice which may build up to as 

deep as 4 inches. This frost layer 

may be seen in the accompanying 

pictures. These were taken without disturbing the frost and 

show the formations on the leadinc edges of the propellers 

and governors. 



The solution to the problem appears to be to shut off 

the plants as soon as hoar frost starts to form. Of course 

this will not prevent the frost collecting on the plant, but 

it will insure that no damge will result from the operation 

of the unit. alien the frost forms on the propeller End other 

rotating parts, it immediately thaws them out of balance 

both statically and dynamically. '_'he dynamically unbalanced 

conditions result in terrific vibrations which develop undue 

stresses in the 

quite important 

Frost on a 0 Volt  Unit 

__ore hoar Prost and Ice I 

bearings and structural parts. thus it is 

that the plant should be stopped whenever 

there is danger of frost formation. 

as soma as the foggy weather is 

over the frost should be removed. 

Several methods were tried, such 

as brushing off, scraping and 

lightly tapping the parts effected. 

However the only means that was 

realy successful was to use hot water. 

small kettle or other suitable 

container :aust be taken up the 

tower and the hot wet er poured on 

the blades and governor parts. The 

propeller should be turned to a 

vertical position and the water may 

then be poured at the hub. It will 

tend to melt the layer of frost and 

ice off as an entire piece. 
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Gear Case Lubrication :-

Those plants which are terned 'gear 

driven' must of necessity have a gear case and a gear case 

lubricant. During the winter of 1939-'40 the 1000 watt hear 

driven unit was supplied with the reconnended winter lubri-

cant. his oil gave satisfactory service until cold weather 

started at the beginning of the new year. Immediately the 

output dropped off and the unit oparated very sluggishly. 

hen the temperature was -200F. and below, with a wind veloc-

ity of 12 to 14 miles per hour it was frequently impossible 

to start the propeller with the starting button. This fact 

lead the author to mke an analysis of the lubrication 

factor in such gear driven plants. 

To nnke a start at the problem the winter lubricant was 

to Led and found to be closely bordering on an 3.A.E 20 oil, 

and it had a pour point of -1831". Such a pour Point is not 

low enough for OUT severe conditions. 2o remedy the natter an 

lOw oil was chosen, because it is the lightest avail-

able grade of motor oil, It was thinned with kerosene till a 

dilution v,Ts forded which had a pour point of --40°F. This 

Point was reached with 2.0(‘; to 25 dilution. The gear case 

was then drained, filled with the new nixture and the used 

oil saved for testing purposes. _to severe sluggishness dis-

appeared, yet when the temperature dropped to about -20° F., 

it still required a 12 m.p.hr. wind to give initial rotation. 
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The used oil (vrint er lubricant) ras analysed and found to 

contain a very itoavy sludge as well as some water. Ptter 

settling for three weeks the -ncr-

centages by volume were :-

LA 
011 -----*-

Sludge ---
Water *Ow •••••• 

95e,: 
46 
14; 

100c7 

The picture to the left shows 

the dl settling 

Oil Sludree tube. A chenical analysis of the 

sludge indicated that it contained carbon and considerable 

amounts of iron oxide in an oil and water suspension. The 

analyst indicated in his report that the suspension was 

likely stabilized by the presence of the high percentage of 

iron oxide. 

The following Flush and 1;120 and Viscosity tests were 

nade for the selection of a suitable winter lubricant for 

wind electric gear oases. 

TA4L.L )6 

Viscosity 
Sample Description 00 F. 210 F. Flash Fire 

1. Vincharger Winter Oil 98 sec. 45 sec. 340 F. 385-F. 
2, Wincharger Winter Oil 

+ 205 kerosene 71 41 255 280 
3. MArvelube S.A.E. lOw 93 44 390 440 
4. Llarv, S.A4E.10w + 335 

5. 
Valve Aid 

ljarv. S.A4E.10w + 505 
62 33 290 330 

Valve Aid 59 36 250 275 
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Under actual test the kerosene dilution seemed to give 

the best performance. _after nine months of operation the 

gears showed no appreciable wear with this lubricating mixture. 

It was concluded that the relatively high viscosity of the 

origin/11 winter lubricant, and not the sludge, was responsible 

for the sluggish action of the plant under low temperatures. 

Starti orspe Tests on a Model 200  :—

These tests are based 

on the theory of the relative coefficients of friction of 

lubricating oils when subjected to teaperature changes. Thus, 

while a certain oil could quite conceivably be satisfactory 

for warm weather, at the same time it would be absolutely 

unsatisfactory for cold conditions. These teats plus the 

operation of gear driven plants in cold weather suggested 

that same accurate tests might be done to determine the true 

effect of tempereture chances on gear case operation. 

The detail of Torque Test No.1 was to place lubricants 

of different viscosity in the gear case of a unit and drive 

the generator through the gears with a controlled electrical 

motor. The results of this test are illustrated in Graph 170.14 

on Page 07. This merely shots the relatiunship between the 

resultant resistance. with the ails tested. Thus at a prop-

eller shaft speed of 140 r.p.m., and an air temperature of 
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YO''F. the resistance with en b.A.E.40 uould be 10.5;L higher 

than with an S.A.E.10w and 201 kerosene, and higher than 

the latter oil for an E4.4..L.20. This would it  that the 

winter lubricant used at the beginning of the tests would be 

wasting 3.4c;; of the power from the proreller. This statement 

would only hold true if the same viscosity relationship held 

between reference oil S.A.E.10w + 20;42 kerosene and the winter 

lubricant for + 70"F. and temperatures below -1511. In ref-

ering to Chart iio.l on pace GO it will be seen that the 

relative viscosity of the oils in question would point to a 

percentage higher than the 141,7) stated above. 

Torque Test No.2 consisted of measuring the torque requ-

ired to start rotation with various grades of Woricating oils 

at low temperatures. The apparatus was as shown in the picture 

to the loft. In each test suff-

icient riorien was created about 

the point ipt to cause the prop-

ellor shaft to rotate through 5 

do roes. The lever arm '1' weighed 

028,14 . 9 and had effective length 

for moment calculation purposes 

of 8.5". Thus the torque about 

Starting Torque Apparatus 'p' due to the constant moment 

of the lever arm,'1' was 

0.5" = Roy in-lbs. 

This constant moment has to be added to the weight reorient 

119,• 

=111111111 
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figures of colurrn 0 of Table No.1V below. 

T1BLE 17 

Oil 
Grade. 

Lever 
::r _. 

Gfam 
eiept. 

1,:ament 
jin.7gms) 

Average 
Total Torque (in-lbs.) 

A. E. 15.00 215 2332.5 
30 17.32 191 3390.8 7.46 + 2,39 - 9.85 

(661 14.38 220 3412.1 

I-cr. 16.08 101 3075.1 
14.56 215 3120.0 6.86 + 2.39. 9.25 

(66°) 13.63 229 3114.4 

Sel-i*E. 15 • '75 229 3150.0 
20 14.46 215 3120.0 6.94 + 2.39 = 9,33 

(661 16.60 101 3160.0 

S.A.E. 16.65 215 5470.0 
40 15.80 229 3620.0 7.83 + 2.39 = 10.22 
(68'1) 

S.A.E. 
70 18.5 229 4236.5 9.35 + 2.39 = 11.74 

(69°) 

The figures in brackets in column. No.1 indicate the room 

temperature for the individual tests. 

Graph No.15 on the follouinc page tells the same story in 

graphic form. Noze the vide spread between the winter lubricant 

and the thinned riixture of nof:, kerosene in 3.A.E.1ft oil. 

To interpret these data Chart No.1 must be used with the 

above table and Graph No.15 From the chart notice that the 

vertical line at the 72°F. point indicates the reference line 

for all of the tests. For example, from curve 130.4, the vis-

cosity of S.A.E.20 at 72'7. will equal the viscosity of the 
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winter lubricant at 51' F. , and S.A6E.law + 33% Valve Aid at 

32°F., and S.A.E.10w + 20% kerosene at -12-F. Thus, from 

following each of the reference risks to the left the corr-

esponding viscosity points of the other oils may be read. 

From Table 171(4171 the torque to produce rotation of the 

propeller shaft is 9.85 in-lbs. for an a.A.E.30 oil at 72-F. 

Then, from Chart lioa, this would also be the torque required 

to, produce rotation with an 5eA4E.10w + 20% kerosene mixture 

at -30'F., and fortwinter lubricantlat 18:F. 

Thus, this method of testing made it possible to do 

the work in the laboratory at room temperatures and convert 

the findings to any desired temperature by means of the log-

arithmic curve used in Chart 1;0.1 These data prove that 

there will be progressivly less in-lbs. required for initial 

starting torque as the gear case lubricant is thinned out. 

Kathanode Batterx Test:-

When the tests were started in 1950 a 

set of cells was installed with wood separators between the 

plates. These soon showed rather alarming sluffing off of the 

active material even from the 

negative plates. This deterior-

atialn nay be seen in the picture. 

The separation of the material 

from the positive plates was do 

Electrical Erosion heavy that at the end of 18 months 
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there was about 2 inches of deposit in the bottom of the 

jars. This tendency to disintegration lead to the install-

ation of a set of 16 Kathanode cells to use for comparative 

purposes. This battery was used on the 1250 watt direct drive 

plant. Such cells are distinguished by the fact that the 

peparators are of spun glass as well as wood. The idea behind 

the use of the glass is that the active material can not be 

torn from the plates as easily when they are held in an env-

elope of glass wool. The wool is not as gas-permeable as the 

grooves supplied in the wood separators so there is a tendency 

for sone hydrogen to be trapped in the interstices of the wool 

around the plates. This tends to slow down the acid-lead 

action to a small degree. However, this effect has almost no 

effect on the efficiency of the unit. The following table 

covers one output test that was done on this Kathanode set. 

Date Hour 'letter. 

Zan. 1,15 302.5 
30th.9-15 85.0 

TI'S 3.8 

Ifr. Amps. Battery 
Bete`. Voltage Sp,Gr. Disch. Temp. 

2596.50 33.0 1228 30 78 
2606.47 27.0 1160 10 7E 

2o-Gc1:-8.0 182.5 9.97 •••• 00•00. t./0.10 78 

Since the ampere hour meter correction factor was 1.140, 

then the actual ampere hours consumed from the battery would 

be 1.140 x 182.5 = 208.0 anp.hr. the battery was not quite 
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fully charged at the beginning of the test this is an indic-

ation that the set could cone close to developing its full 

224 ampere hour capacity. The set uns removed for sale during 

the winter of 1941-42, so further tests were impossible. The 

erosion after 14 months was almost nil. 

FLOTORS REG.IMING IUSTALL:.TION AND SLLLCTION  :-

It was early rec-

ognized that even if the most suitable plant were chosen it 

still would not give the best service unless correctly inst-

alled and combined with the right type and size of battery etc. 

2he following factors are vital to successful operation of a 

wind electric plant in this province. 

Location : - 

The location and height of the tower are more imp-

ortant factors than the actual material used or the design. 

The picture to the left shows a farm 

yard that is typical of many in the 

province. I:otice that the wind 

electric is located between the 

house and barn, but still worse, it 

is several feet lower than either 

J. 

InlIroper Installation 

building. This inultrates one of 

the most important maxims in this 

field. The general rule is that 



" the plant must be located at least 20' above all obstructions 

within 400 feet " This rule, if followed, will place the unit 

where it will be sujected to only those air currents that are 

travelling in a straight line. Buildings, trees, knolls and 

other obstructions will cause the eddy currents to be quite' 

severe. These eddy currents occur both vertically and horizon-

tally. If the plant itself io located in the path of these 

eddy currents it will tend to produce disappointingly snail 

amounts of electricity, :as° the unit will pivot about its 

vertical axis, This swaying results in undue stress in the 

entire plant under high wind velocitiOd. The propeller speed 

will fluctuate considerably, causing a rapid rote of wear in 

the governor. Thus to obtain the naximun efficiency from the 

plant the above installation rule should be followed. 

L=es of Towers :-

There are four main types of towers. - windmill 

tower, if sufficiently high, makes a good structure, and nay 

all 

_Aapted Andmill Tower 

often be secured second hand. Picture 

Fo.l shows this type with a 12' ext-

ension on the top, which must be 

solidly guyed at the top and firmly 

fastened to the top of the windmill 

tower, econd type is either a three 

or four post tower made of wood or 

steel, inch a tower is s elf-supporting 

but costly, 
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A.cture lo,2 shows a wooden 

tower of the self-supporting 

design. 

The third type of tower is 

called the 'mast' tower. '.?his 

tower is usually build of steel 

and consists of a central diag-

onally braced structure with 

three or four uprights spaced 

18" apart. This 'mast' is erec-

ted with two sets of guy wires, 

the one from the top and the 

other from the middle of the 

tower, Three guys at each pos-

ition are usually sufficient. 

The advantage of cheapness is 

in its favour but it has the 

disadvantage of obstructing the 

barnyard with the anchored guy 

wires. This handicap may be part-

ially overcome if the wires are 

.f. stened to the tops of well set 

posts left 10' to 12' above the 

ground. 

A fourth and probably the 

jwinginf: cower, lipriht most satisfactory and cheapest 
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tower to build is the 'swinging toner' ,as shown in picture 

1o.3. This is sometimes called the King tower after the man 

tho was supposed to have originated it. The clonaLloanying 

pictures on page 77 show the detail of its construction. The 

lower right-hand picture shows the ajthor and Prof.R.P.Frey 

pointing out the truss cable which is a very important unit 

of the construction. This truss vable prevents the tower from 

buckling,when lowered, due to the forces acting over the axle. 

.he construction plans for this type of tower nay be obtained 

from the .1gricultura1 Engineering Dept., University of Sask. 

Batteries:-

_he selection of a large capacity battery is of 

extreme importance for the success of a wind electric unit. 

oelectionn up to or even above the company recoriiendations 

will materially reduce the common difficulties in the care 

of the battery. Thus the most vital factor to battery life 

is to select one that is large enough for future rather than 

for present requirements. _'his last st -tement applies to the 

farm that is still expanding, and would not apply where there 

wrs very little liklihood of electricity needs expanding. To 

determine the correct size each individual set-up must be 

calculated on the basis of watt hours of current to be con-

sumed. ,,uch a typical case is p,rtially worked out on page 16. 

From this computation the size of the battery nay be found by 

dividing the total weekly watt hour load by 32 (volts), thus:-
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Total weekly watt hour load m 9660 watt hours. 

Thus the battery size m 9660 = 302 Annere hours. 
JJ 

This figure would be more useful if it were considered 

to be dully about '75c,; of the possible future load if there 

is any definite assurance that the load will be expanded. 

This would give an actual selection size of about 400 amp. 

hr. capacity. 

The following are the main points to be kept in mind 

when operLting or servicing the storage battery:-

1. The cells should be mounted on a rigid stand. 'lley 

should actually be sitting on a layer of coarse 

sand about 2 inches thick. This sand layer will tend 

to reduce shocks and vibrations as well as collect 

overflow or spilled acid. 

2. The battery should be placed away from the heat and 

as near as possible to the centre of the load. 

3. The terminals must be kept tight and clean to form 

good electrical connections. 

4. The solution should never be allowed to fall more 

than a quarter of an inch below the indication mark. 

5. Only clean distilled water should be added unless in 

the case of electrolyte being spilled. 

C. The charging rate should not be too high. Lost batt-

eries are designed for a charging rate of 1/8th. of 

their ampere hour capacit:7. Overcharging reduces the 

life of the unIA by over heating, buckling of the plates 
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and separation of the active material from the grids. 

Excessive gassing may be controlled by cutting in part 

of the light load or by using a motor or motors for 

special jobs, such as grinding grain etc. The above 

reference to overcharging does not apply to the reg-

ular overcharge once a month for equalizing purposes. 

7. Excessive discharging is equally severe. If a rate of 

discharge higher than 1/15th. of the ampere hour cap-

acity of the battery is required then a battery of 

higher capacity should be installed. The peak load 

should be determined before the purchase of the battery. 

8. If the battery is left in a discharged condition for 

a very long Period sulphation will occur and thus 

reduce the efficiency of the cells as well as their 

total life, 

9. L complete record of the specific gravity of each cell 

should be kept in order to determine the cell condition 

at any tine. 

10. It is unwise to attempt to re-build storage batteries 

on the farm. They should be sent to a reliable re-

building concern. 

11. follow the manufacturer's recommendations When select-

ing a battery size $ 

Standby Unite t -

Me Guestion obviously arises, 'where is the 

balance between over sized batteries and auxiliary motor-



driven generators'? The answer appears to be that it is dang-

erous to install a battery that is so large that the plant 

can't keep it at least moderately well charged. The plant 

size to battery size ratio mill very tremendously, depending 

on the location and the mind area. So to insure lights and 

appliance use at all times a small standby generator is 

necessary. In practice a good many farmers kept their old 

engine driven plants that had given them good service but 

which were practically morn out. One such case is outlined 

below. The farmer was Ito.S.D.Weese of Leroy Sask. The totals 

give the number of hours each month for the year 1939 that he 

had to operatehis 850 Delco as a standby for a 650 watt gear 

driven plant, The system was supplying  the current for a 10 

roam house, barn, pump for pressure system and radio etc. 

y BLE 19 

Year nbnth Total Hrs.of Delco Operation. 

1939 January 18.5 
February 10.5 
lTnrch 5.0 
April 3.0 

0.0 
June 0.0 
July 0.0 
Lugust 0.0 
September 1.5 
October 4.5 
Hovember 20.0 
December 30.0 

1939 Total Hours 93.0 

1938 Total Hours 113.0 



Considering the small size of the wind electric plant 

for such a large system the above figures are rea -rkably low. 

This is probably because the 650 watt plant used was partic-

ularily efficient. It certainly would not pay to purchase a 

standby under such c ircun.s bane es. Rather, the alternative 

would be to reduce the spl-liance load during the periods of 

calm for the months of iTovember to February inclusive, when-

ever the battery energy was low. If this did not take care of 

the shortage then some c'reful reduction in the light load 

night be more sound than to expect the fare to bear the cost 

of a standby unit. Actually in the above case the farm should 

have been equipped with a 1000 watt plant inste- d of the 650 

watt wind electric. Also the battery was much below the present 

region fended size for the system, being only 168 rap. Hr. cap-

act ity. 

valID LOVIIJI72 =O. 

I have been very fortunate in having the co-

operation of the Physics Dept. during these tests. .L'hrouc,th the 

wind data they have collected we have been able to find valuable 

information regarding wind velocities raid movement. It was soon 

apparent that velocities have very little bearing on total 

production. In other words, two days night have identical 

average velocities and one would produce more electricity 

than the other because of the average being made up of winds 

that differed widely from the avenge. _Thus if the wind blew 

for the greater part of one day at velocities close to 9 miles 



per hour, and another day for a. few hours at 25 per 

hour and the rest of the day well below 9 piles, then the 

latter day would produce far more electricity. For this 

reason I changed the method of wind tabulation for charging 

rate comparisons to a grouping system as used in Tables 

lio.3 to Lo.G inclusive. 

lion the Physics Dept. wind records it has also been 

found that 05;; of our total wind movement occurs nt veloc-

ities of 10 n.p.hr. and lower. This means that a god deal 

of the energy produced by win electric plants in this 

nrovince must be r7enernte(1 from breezes. the sane time 

we also find that particularily during the darkest months 

of the year we have Prolonged periods of calms some light 

breezes and a predominance of storn winds with velocities 

above 20 or 25 m.p.hr. One concern producinG wind electrics 

decided to so change the characteristics of their generator 

so that it would produce at a lover r. p.m. in order to use 

more of the 35:- wind bracket. The difficulty is that with 

this production rt lower armature speeds there is a cor-es-

ponding drop in the amount of top output. Such vas the result 

in this instance. The plant would produce well in breezes 

during the winter months but when the storm winds cane from 

which a great deal of energy was needed to store in the 

battery to carry over the next calm spell, the output vas 

far to low. Thus the battery would not become fully charged 

from the storm and would fail before the next producing wind. 
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This indicates the tremendous importance of fully under-

stamding the wind movement for any area before making definite 

predictions regarding the operation of a wind electric plant 

there. 

Observation during the iv s6 three years has shown that 

our winds are very gusty. !he velocity will vary more than 

lbO in a minute or less. This condition makes governing a 

very special problem here. The governor must be sensitive 

enough to follow these gusbs and smooth out their effect on 

the propeller speed. During the fall of 1941 the author had 

the opportunity of visiting several wind electric manufacturing 

plants in the state of Iowa. One of the nom, striking facts 

discovered was the difference between Iowa winds nd out 

Saskatchewan winds. ours are very gusty and show a 

wide recording ammeter chat, theirs are much steadier and 

give a chart that is quite narrow. Thus governors that will 

be satisfactory for Iowa can't be expected to function corr-

ectly under our conditions. This being true, it is obviously 

iuportaLt that the wind electric manufacturing  industr should 

be conscious of iestern Canada conditions. 

STTISTICS CF BATTERY AND In um ELECTRIC 3LL1:3 

Table NO.20 on 

the follo-Ang page is compiled from the battery sales of a 

typical :estorn Canada company for 1940. Of these sales 60(:, 

were sold for use with wind electric plants and 40,i; for gas 



driven units. In 1935 only about 20c:3 of the sales were needed 

for ulna electric installations. 

TABLE 20 

( Glas- Ter 7,etueries) 

Size of Bette/7 „ of Total . ales 

90 amp. hr. 2;4, 
120 3 
150 1 

a 180 42 
210 12 
270 5 
515 15 
330 11 
405 1 
450 

NE This large number is the result of sales for 

uind electric plants for the average farm. 

( 1ubber Case Batteries ) 

100 amp. hr. 
175 

The above table would indicate that the average farmer 

buys a 180 am r. hr. capacity battery. This average size has 

increased considerably during the past t'm years, and the 

latest figures would place this aver:7,ge size at bout 200 

ampere hours. Note that 8(11J of the sales ware rubber case 

batteries. Since such cases do not allow sufficient electro-

lyte capacity their use in to be discouraged. 

:my accurate estimate of the number of uind electric units 



of all ld.n(ls in the province has been hard to obtain. .ppro-

ximate 1940 figures would show that there were 1600 - 1800 of 

the 32 volt size; 150 of the 12 volts, and about 3500 of the 

volt size. 

COLT.M.:TIVE COSTS :-

hen all is said and done probably the 

most important iteza in. the production 

cost per unit of return. .'huri if wind 

successfully as far as the mechanical 

of electricity is the 

power can be used 

details are concerned, 

what about the cost of producing electricity from the wind in 

relation to the cost from other power sources2 

In attempting to arrive at oonparative cost figures the 

following oases have been worked out. Per the first case the 

basis of 1300 consumption was taken as the possible 

output from a 1000 watt 32 volt plant for one year. The other 

figures in this case were arranged for ..•;: corresponding pot-

ential consumption. This cost data was obtained from a sales 

and repair de-not. 
Comparative Cost Case :10.1 

Assuming a 1300 yearly consinrotionefor Delco and Wind El. 

Fixed Costs: -

850 Watt Delco Gas Unit 

Gen. Unit 247.50 
Battery (200) 178.50 
Wiring 100.00 
Base for Gen, 3.00 

Total = :531.00 

1000 att And Ilectric 

Gen. Unit 
Tower 
Battery (315) 

Total sx 

150.00 
50.00 

254.00 
100.00

gt 54.60 
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gperating_and Upkeep Costs_:- (rer year) 

Puel 40,00 Oil .30 
Oil 2.00 Varnish .30 
Repairs 5.00 Repairs 2,00 
6.;J Depreciation 31,86 De7reciation 33,25 
0% Interest 26,55 5:; Interest 27,70 

Total c.105.41 Total '.7,e 63.55 

Cost per K.14.Br. •,°,1054,41 8,1, 
1300 

Izsunli.ag the same um  from the Power Commission .Line :-

Gotal fixed costs ( wiring + poles ) $ 200.00 
Interest on investment at 5% -----------------------
E;ervice chi rge per year 03.00/ 
Energy charge. per month:-

30 K.W.Hrs. 12(;', 
20 " " " " 60 
50 " 41 i1 " 4 
9 " tt 

Ilnorgy charge per year 
Education tax @ 2% 
Dominion tax 8% 

m 03,60 
. 1.20 
. 2.00 
= 027 

Ir.01 

Lion, 41111•••••••••••••••••41.10.011.11100.10.11.10.1... 

•••••••••••••• 1/3.0,1110 

01.••••••411.1111111.0.11.01* YOMPOMPIR. .. 41011.1110.1.1.0. 

Total cost per year 

Cost per K.W.Hr. 4 40 33 1D .W 10.**.k. 

0 11.00 
36.00 

84,84 
1,70 
6.79 

140.33 

In a recent surveyi it was found that the aver' ;e 

yearly consumption for farms on the high line in Laskatchewan 

was 780 K. ,Hrs. Thus the above example of high line costs 

in case :o.1 would actually be lower than the average costs 

per However there are instances where larger amounts 

of current are used from the high line. Ale following examples 

cover such cases in two ranges. 

.D....014111.40104.4.0 = 

1. "Rural Electrifiertion in azkatchewan" E.B.Martin,B.S.A, 
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-.5suilling a 2000 K./4Hr. yerly consuziption. (High line only, as 

figures on the other two sources were not available) 

Total fixed costs ( wiring + poles ) 200.00 
Interest On investment 55 ------------ -----
Service charge per year '3.00 per non.  
Inergy charge per month:-

30 K.W.Hts. 4 120 = 3.60 
20 K. ',.Firs. 6r = 1.20 
50 " " " " 40 • 2.00 
67 17 11 11 11 = 0 

11.00 
36.00 

Energy charge per year ..••••••.•  105.72 
Education tax @ 2, 71 --....------ ------- .010.0 , 4 , 0•000.. 2.11 
Dominion tax ......4104. , ••••••••••••••••••a&a... ••••••••• 8.46 

Total cost ner year ---- h 163.29 

Cost pea. • • kr  163 29 
2b50 

In studying casec 1;o.1 and No.2 it is apparent that 4 

gas Delco unit would, :'t the ,vresent initial prices, supply 

electricity at a lower cost ner unit of power for 1300 K.U.Hrs. 

total yearly consumption. But as the total consumption increases 

the balance of cost gradually srings to the favour of the high 

line supply. The increased initial cost and upkeep of a gas 

Lriven unit to supply power at the rate of 2000 K.W,Brs. per 

year would place the cost of such supply per unit of power 

above the 0.14 per K.L.Br. figure of the high line supply. 

On the other hand, wind electric plants will always be 

able to compete with the high 4.ine even nt these higher cons-

umption rates since the operating cost of larger units would 

be very little over that of the smaller ones. L:uch large wind 

electric units are only just ot-rting to appear in the est, 



Service ohnrge per year at ,)3.00 per no:-. 
Energy charge per raonths-

30 K. Vi.Iirs, e 120 >34 60 
20 " 8 " " 60 = 1,20 
50 " 1t tt ft 2,00 

150 r tt T/ n 3(,t• . 4,50 
'06,13rer 

Energy charge per year 
Iduce.tion tax 
Douinion tam 8f,:) ---

and data is not yet available on then. 

The following is still another case of high line power. 

Case '0(43 

Assuning a 3000 yearly consulaption. (high line only) 

Total fixed costs ( wiring + poles ) 220.00 
Interest on investment at  ..---... 11.00 

36.00 1•0111111.11.0.. 

111•11.=0.0 411110.1110.111•010111 

150.60 
3.19 

12.77 
Total cost Der ye r 222,56 

Cost per K.W.Hr. „; 222.56 
morm omo 

7 4 
13000 

The above cost figure indicates that as the consumption 

increases frora the high line source the cost per unit falls 

progressiVely. however, note that this figure is still rauch 

above the figure of 42.9c, for wind electric source at 1300 K.U. 

Hrs. per year. As stated ebove • accurate coraparisons can not 

be made in the larger consumption scale but it is estixaated 

that 3000 K.U.11rs. could be supplied at about per i\:.W.hr 

fron a wind electric plant. Fieveral plants of about this size 

have recently been er ected in the province from vhieh infor-

. nation will be available in a years time. 



2,HE FLASIBTT.TTY OF IJARGB WIND ELBOTRIC IFSTALLATIOrE:-

While 

this thesis is confined to farm sizes on far as the test 

work is concerned, yet the possibility of large units suit-

able for supplying energy for large towns should be consid-

ered. Already some 110 volt plants are being tried in small 

towns. The subject is of sufficient im7ortance to Saskatch-

ewan to merit some discussion. 

When thinking of large installations there comes to mind 

the experiment being carried out at Rutland, Vt., by the 

S. Morgan Smith Co. The following is an extract from June, 

1941 issuk of II:echanical Lngineeringt 

tt - 'bunted on top of a structural steel tower, 

the wind turbine, which will drive a 1000-kw electric generator, 

175 ft. from tip to tip, has 65 ft. blades that look like 

airplane wings. - - It will be realized that with such a 

large diameter the turbine must necessarily revolve rt low 

rotative speed in order to keep the peripheral speed within 

a reasonable limit. On this unit the tips of the blades will 

travel at arzoximately 180 m4p.hr., and the turbine shaft 

speed will be stepped up thrbigh two pairs of speed-increaser 

go _2(3 to drive the genera for at 600 r.p.m. The entire rotating 

mechanism is mounted on a structural steel tower 120 ft. high. 

The spread of the tower at the bane is 40 ft„ and the batter 

such that the tower cap is reduced to about 6 ft. diameter at 
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the top. Ath the erneption of the blades the entire mesh-

tmism mounted on the tower will be enclosed in a stream-

lined shell MO OW MO ft 
• 

The above note gives some idea. of the tremendous size of 

this project. Me latest report seems to indicate that there 

has been considerable power saving to the high line company 

into whose lines the current from this generator is fed. •.'he 

greatest difficulty would appear to be governing to the close 

limits required for A.C. synchronizing. 

hat is the feasibility of such units in Saskatchewan? 

The answer to this question is certainly not apparent ct the 

present. However, since we are dependent on fuel oil and coal 

as a sow:0e of power to turn generators, it would appear that 

a very full and exhaustive study of such large units might be 

advisable at the present time. Oil and coal are exhaustible, 

wind power is inexhc,ustible and plentiful. 
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=MARY :-

At the outset of this treatise certain aims and 

objects were presented on rage 5. Let us now consider the 

results achieved in regard to each of these initial airs. 

1. Naximun.N.Anthly Production:-

From Table Nos.7 on page 

25 we see that the average monthly production from 

a 1000 watt 32 volt gear driven plant was 92.1 L. 

W.Hrs., 'with a peak of 119 K.W.Hrs. for the month 

of 2",pril. As pointed out on page 28, the expected 

average production per :ionth would be, 

1320 
-12 

. 110 K.i,„Iirs. 
•••••=1•41... 

The average production for the minter months 

December to ilarch inclusive is 88.26 K.W.Nts. This 

is the important figure because it is the average 

for the darkest months. Table 7:O.0 gives the K.U. 

Hrs. per 100 miles of wind movement as 1.40 for the 

highest month. 

Table No.10 shows an average of 82.95 K.W.Hrs. 

per month for a 1250 watt direct drive plant, or a 

total for the highest month of 121.41 K.W.Iirs. The 

last column in Table To.10 shows the 1 ...Hrs. par 

100 miles of wind to be 1.63 for the highest month. 

bile continuous production figures are not 



available for the 1200 watt gear driven unit and the 

Flodel 200, yet it is expected that the output from the 

former would be proportional to the two cited above. 

The output from the :bdel 200 is definitely known to 

be low because of its low raazinun charging rate.Also 

short production tests would indicate the E.,me failure 

in production from this plant. 

he expected output from a 6 volt 250 watt plant 

is shown in Table No.12, in which the average production 

per day for the test period was .44 K.W.Iirs. The peak 

month MB April with .70 K.W.Hrs. This is one-seventh 

of the output from a 1000 watt 32 volt plant, nd is a 

fair comparison of the relative amounts of energy 

that can be expected from each unit. This ftet is 

important in the selection of a plant for a farm set-up. 

In other words a six volt plant should not be expected 

to do more than a am all amount of lighting besides 

charging radio, car and truck batteries. 

Battery Lfficiency:-

Only one accurate figure of battery 

efficiency could be obtained. This was for the set used 

on the 1000 watt gear driven plant. The fi(zure of 

86.5% can be accepted as reliable for the first year 

of operation. This would likely be less for each 

succeeding year until the end of the battery life. 
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3. Carrying Capacity:-

The scope of the present research 

work was not large enough to test the carrying cap-

acity of more than one set of cells. For a 300 amp. 

hr. capacity battery apparently a 3.00 1:. Er. load 

per day mould be about the top expectancy. Lvidence 

of the carrying capacity of other sizes is unknown 

due to the lack of such installations. 

4. Percentage of Charging Time:-

A 1000 watt gear driven 

plant charged for 37.45% of the total time during 

four minter months. This plant had an initial charg-

ing point of 0 ra.p.hr. Units that mould start to 

charge in winds lower than 9 m4p.hr. mould be expec-

ted to have a greater percentage of charging time 

vs. non-charging time. 

In Table 116.7 the percentage of days during the 

entire year when there was no charging is shown as 

only 0.0,'S . This mould &A be a very reliable figure 

to use because actually some of the days of charging 

might only have produced a very small amount of elec-

tricity and still be classified as 'charging' . Thus 

the other figure of 37.45 of charging time would be 

a more satisfactory one to use for installation nur-

poses. 
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5, Effects of Linter Temperatures:-

There is apparently a 

drop of 15(i; to 1,9c;; in the efficiency of a gear driven 

plant in our Saskatchewan climate wen the temper ure 

drops very far below OF, At the same tine there is no 

apparent drop in efficiency in the direct drive types. 

hey are equipped with grease-sealed bearings which do 

not cause any noticeable friction increase at low temp-

0:ff:tures. 

6. Roar Frosts:-

Hoar frost conditions render ell types of 

wind electric units almost useless until the period of 

frost formation is over. '.'he frost must be cleaned of ,

the propeller and moving parts es it will not naturally 

drop or melt off evenly enough to make operation poss-

ible without excessive vibration. Suoh ice and frost 

nay be best removed by the hot water treatment. 

7. Charging Rate vs. Velocity:-

In general the charg-

ing rate was found to closely relate to the wind vel-

ocity under all conditions and types of plants with the 

exception of cold weather operation of a gear driven 

unit. Of course every generator will have a slightly 

lower charging rate as the unit warns up. 

In the case of gear driven units it would seem 
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that the initial charging rate will vary from 9 rasp. 

hr. at temperatures abofe 0°F., to 14 m4p.hr. at 

-20'F. and laver. This results in a correspondingly 

lower charging rate at low velocities even after the 

unit has started to charge. This output loss can only 

be taken care of by the installation of a unit that 

will be actually 15 to 205 too large in the warm 

weather periods of the winter. Actually all plants 

will be too large for their installation consumption 

during spring, surer and fall months. 

8. Day vs. Night Operation: -

The night production may be 

expected to be over that of the day figure. The 1000 

watt plant showed an everage of 5G.0 of the total 

charging occured at night. This would lead one to 

the consider( Lion that sound economy would necessitate 

using the plants at night as well as during the day. 

If the plant is to be used only in the daytime then 

twice the capacity of unit will be required. 

9. Dattery Life:-

In no case was a battery left in the 

experiments long enough to make any estimate of prob-

able battery life. They had to be sold due to war-tine 

scarcity. 
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10. Wind Lovement:-

Tm vitally important points mere 

,gleaned from the wind data studied. first vas the 

terrific variation in the wind velocity during relatively 

short tine periods. This is commonly called gustiness. 

The second startling fact was the discovery that 

wind noveuent in miles has far greater effect on the 

actual production of electricity than has rind vel-

ocity. 

11. Governors:-

Those governing devices are definitely 

inferior uhich in principle do not produce any add-

itional starting or rotational torque to aid the 

propeller, The complement to the above stateaent is 

equally true, that those devices which do supply 

additional torque make plants so equipped much more 

efficient. 

CONCIUSIOS :-

In the light of this research work the following 

points are considered essential in the selection of a suitable 

wind electric plant for Saskatchewan conditions. 

1. Size:-

average daily convauption of 2.6 to 2.8 K.W. 

Hrs. of electricity should be the maximum load to 

expect a 1000 watt gear driven plant to carry. From 
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this figure of consumption the correct size of plant 

for av consumption rate may be readily calculated 

using the ratio of the above figures. shout 20i; 

snail  er plant nay be chosen where it is a direct drive. 

.ape of Drive:-

direct drive plant should be chosen 

wherever possible. Gear driven types are less efficient. 

Governors:-

Other things being eucal choose a plant with 

a governor which is pitched to the wind. ?he poorest 

type is one which is of no assistance to the propeller. 

4. ?ower: - 

A suringing tower would seem to be the best choice 

because of greater convenience and lower cost. 

5. Battery size:-

The rianuf as tur s r ec orr endat ions and 

service depot's hints should be followed in battery 

selection. Larger sizes should be chosen where there 

Is any liklihood of load expansion. 

C. Location of Plant:-

Looto the plant at least 20 feet 

above all obstructions within 400 feet. 
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