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I. GENERAL
Any device used to drive an ir

rigation pump is called an irriga
tion power unit. Irrigation power
units commonly used include elec
tric motors and internal combus
tion engines. Farm tractors are
used occasionally.

An irrigation power unit must fit
the irrigation pump requirements
to maintain an efficient operation.
An engine or motor that is too
small cannot provide the power
necessary to deliver water at the
rate and/or pressure required by
the irrigation system. An engine or
motor larger than necessary may
provide service, but at an exces
sive initial cost.

The properly designed power
unit will meet the requirements of
an irrigation system without sup
porting idle capacity. An irrigation
load is constant, so the power unit
chosen must be suitable for con
tinuous duty at the design load.
Electric motors are designed and
rated for constant loads. An inter
nal combustion engine must either
be rated for continuous duty at the
design load or derated from some
other horsepower rating to a con
tinuous horsepower rating. Either
industrial internal combustion en
gines or electric motors are suit
able for irrigation. Farm tractors
should not be used for permanent

installations because they are not
designed for the 24-hour-per-day
continuous loading required for ir
rigation. If a tractor is to be
used on a temporary installation, it
should be operated at less than
maximum horsepower and be pro
tected with safety switches to pre
vent engine damage.

The power unit selection should
be made only after considering the
following:

A. The amount of brake horse
power for pumping. This in
cludes the amount of water to
be pumped, elevation differ
ences between the source and
the delivery point, the operating
pressure of the system, friction
losses, power unit efficiency,
and pump efficiency.

B. Hours of operation per season.

C. Availability and cost of energy
or fuel (in case of electricity,
availability of three-phase
power may influence the selec
tion).

D. Availability of parts andser
vice.

E. Depreciation.

F. Portability of the unit if re
quired.

G. Labor requirements and con
venience of operations.

H. Initial cost.
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dynamometer under laboratory
conditions. If continuous horse
power curves are not available for
an internal combustion engine it is
necessary to further correct the
horsepower curve to compensate
for the continuous loading re
quired in irrigation pumping. Fig
ure 3 shows how a horsepower ver
sus RPM curve is changed after
corrections are made for accessor
ies and continuous operation. Ac
tual reductions of bare engine
horsepower are shown in Table 3.

Table 3_ Corrections to Bare Engine
Horsepower Developed under labora
tory Conditions.

For each 1,000 feet above sea level deduct 3%
For each 10· F above 60· F deduct 1%
For accessories (generator, etc.) deduct 5%
For radiator and fan deduct. 5%
For continuous operation deduct 20%

The most efficient operating
load for an internal combustion
engine is at or slightly under the
continuous brake horsepower
curve. Running an engine under
much lighter loads usually results
in poorer fuel economy for the
water delivered. However, engine
life expectancy will be higher. Run
ning over the maximum continu
ous rated horsepower invites en
gine trouble as well as excessive
fuel consumption.

Gearheads on deepwell turbine
pumps come in various ratios so
the most efficient engine speed
can be matched to the desired
pump speed. Always check the
desired pump speed before selec
ting the gearhead ratio.

C. Cooling Jackets
Heat exchangers should meet

the size requirements based on
engine size and established by the
manufacturer.

In some instances, heat ex
changers may be used on installa
tions in sheltered areas where air
movement around the unit is very

poor. Where the source of water is
reasonably warm, the use of a
larger than normal heat exchanger
is recommended. Addition of a fan
to move hot air away from the en
gine may increase fuel consump
tion slightly but will eliminate safe
ty switch shutdowns during ex
tremely hot weather.

IV. ELECTRIC MOTORS
A. General

Electric motors are used on
many irrigation systems. If proper
ly installed and protected, electric
motors will provide many years of
service. Advantages of electric
power include relatively long
motor life, low maintenance costs,
dependability, and ease of control
and operation. An electric motor
will deliver full power throughout
its life and can be operated from no
load to full load without damage.
Disadvantages of electric motors
include constant speed, an electric
power supply required at each
pumping location, and normally an
annual minimum power cost.

B. Motor Types
Most large electric motors used

for irrigation are squirrel cage in
duction type, three-phase, 460-volt
motors. Pumps may be connected
to the motors by direct couplings,
right angle drives, or belts. Most
common, and best if practical, is a
direct coupling. Right angle drives
and belt drives are less than 100
percent efficient and require more
energy.

Most electrical motors used on
centrifugal pumps will be horizon
tal shaft (Figure 4). On deep well
turbine pumps either a vertical
hollow-shaft electric motor (Figure
5) or a horizontal shaft electric
motor together with a hollow-shaft
right angle drive must be used (Fig
ure 6). The hollow-shaft unit is
necessary so pump impellers can
be adjusted.
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Electric motor life is normally
determined by the motor winding
insulation life. Electric motor in
sulation is normally rated for a life
of 20,000 hours. For example,
Class A insulation has a 20,000
hour life at 1050 C; Class B, a
20,000-hour life at 130 0 C; and
Class F, a 20,000-life at 1.65 0 C.
Electric motors for irrigation
should be rated for continuous du
ty at 40 0 C or higher maximum am
bient temperature and have Class
B or better insulation.

Overloading an electric motor
causes internal temperatures to
rise and drastically shortens ex
pected motor life. Therefore, pro
per motor sizing is very irnportant.
Never load an electric motor over
its rated horsepower. If the calcula
ted total pump load is close to the
selected motor size, select a motor
with a service factor of 1.15.
Because irrigation pumps are usu
ally located several miles from
electrical substations there is
usually some voltage imbalance

Figure 4. Electric horizontal shaft
motor connected to a centrifugal
pump.

Figure 5. Hollow-shaft electric motor
connected to a deep well turbine pump.







VI. fSTlMATING THf
ANNUAL COST Of'
OPfll:ATlON

prime, loss of oil pressure, or
overheating.

A ratchet coupling should be
used between turbine pumps and
electric motors or engines to pre
vent reverse rotation of the power
plants when the irrigation systems
shut down. .

Automatic valves that permit
pumps to be started or stopped
without water damage to high head
mainline pipes due to water ham
mer or surge should be installed as
a safety feature.

If the irrigation system will be
used for chemigation, the applica
tion of any chemicals with the ir
rigation system, other safety
equipment is required. One part of
the equipment is a safety interlock,
so if the irrigation pump stops, the
chemical injection pump will stop
also.

an example of the calculation pro
cedure for a diesel power unit us
ing a right angle gear head to drive
a deep well turbine pump.

A. Determine the annual ownership costs for a diesel engine and gear
head. Assume an $8,000 list price for the diesel engine, a $2,000 cost
for the right angle gear head and a 12 percent interest rate. Tables 4
and 5 are used for required factors.

ownership cost = depreciation + interest + insurance
factor factor factor factor

annual ownership cost = ownership cost X original list
factor price

Diesel engine, ownership cost factor
.067 + .06 + .005 = .132

Diesel engine, annual ownership cost
.132 X $8,000 = $1,056 per season

Gear head, ownership cost factor
.05 + .06 + .005 = .115

Gear head, annual ownership cost
.115 X $2,000 = $230 per season

Total annual ownership costs, diesel engine and gearhead
$1,056 + $230 = $1,286 per season

Table 4. Depreciation, Repair and Maintenance, and Insurance Factors.VI. ESTIMATING THE
ANNUAL COST Of
OPERATION

The total cost of operation is a
combination of the ownership and
operating costs. Ownership costs
are those associated with owning
the power unit and will remain fix
ed on an annual basis. Operating
costs vary from year to year depen
ding on the amount of annual us
age.

Expected
Power Unit Life (yr)

Electric 20
Diesel 15
LP gas 15
Gasoline 10
Gear Head 20

Table 5. Interest Factors.

Depreciation
Factor

.05

.067

.067

.10

.05

Repair and
Maintenance

Factor

.03

.06

.06

.08

.03

Insurance
Factor

.005

.005

.005

.005

.005

The salvage value is assumed to be zero

Note: The interest factor is calculated so that

Interest on Investment =
. . average

original. cost - salvage value X interest
2 cost

1. OWNERSHIP COSTS
Ownership costs are a combina

tion of depreciation, average in
terest on investment and insur
ance. In this circular we will use
straight line depreciation and
assume a zero salvage value. The
estimated annual ownership cost
can be found by adding the depre
ciation factor, the insurance factor
and the interest factor and multi
plying the sum of those factors by
the original list price of the power
unit. See Tables 4 and 5 to find the
required factors. The following is

Average Interest Rate

8%
9%

10%
11%
12%
13%
14%
15%

Interest Factor

.04

.045

.05

.055

.06

.065

.07

.075
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800 (gpm) x 200 (feet) = 40.4 WHP
3960

B. From Table 7 we should get 11.9 WHP-hours per gallon of diesel
fuel, assuming a right angle gear drive and .88 WHP-hours per KWH for
electricity assuming a direct drive.

A. As an example, assume a 132-acre center pivot system, requiring
800 gallons per minute at a head of 200 feet. The crop is corn in an area
that gets 10 inches of growing season rainfall. Calculate the total
energy consumption for both diesel and electricity.

From the formula:

2. OPERATING COSTS
The annual operating costs are a

combination of power cost plus
repair and maintenance cost. The
repair and maintenance cost can
be estimated by mUltiplying the
repair and maintenance factor from
table 4 times the original cost of
the power unit. The power cost can
be estimated by calculating the
energy demand per hour, the hours
of operation per year and the cost
of energy per gallon or KWH. The
following example shows the cal
culation of WHP (water horse
power) requirements, water to be
pumped, hours of operation per
year, energy requirement per hour
and finally the cost of energy and
then total operating costs per year.

40.4 WHP

11.9 WHP-hours/gallon

40.4 WHP

.88 WHP-hours/KWH

= 3.39 gallons diesel fuel/hour

= 45.9 KWH/hour

= 1.77 acre inch/hour

C. From Table 6 we get an average water requirement for corn of 19
inches.

19" (total Water requirement)-10" (growing season rainfall =
.85 (efficiency of irrigation application

10.6" gross irrigation water to be applied

D. 452 gpm = 1 acre inch per hour (Table 9)

800 gpm

452 gpm/acre inch/hour

E. 132 acres x 10.6 (inches of water) =
1.77 acre inch/hour

790 hours of operation
per season

Table 6. Annual Water Requirements
for various irrigated crops in North
Dakota*.

'To determine the irrigation requirement subtract
out the effective growing season precipitation and
divide the remainder by 0.85 (the application effi
ciency for the irrigation water).

Crop

Alfalfa
Corn
Wheat
Potatoes
Sugar Beets

Water Requirements
(inches)

22 - 24
18 - 19.5
14.5 - 16
16 - 18
20 - 22

F. 790 hours x 3.39 gallons of diesel/hour = 2678 gallons of
fuel per season

790 hours x 45.9 KWH/hour = 36,261 KWH per season

G. Annual energy cost, assume a diesel power unit and a diesel fuel
cost of $.90 per gallon.

2,678 gallons X $0.90/gallon = $2,410 per season
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