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MACHINERY SELECTION BASED ON MACHINE COSTS

By T. J. MURRAY and A. G. DE BEER
South African Sugar Association Experiment Station, Mount Edgecombe

Abstract

Some of the principles that influence machine costs are dis-
cussed with the aim of improving the selection of optimum
machinery complements. Emphasis is laid on the costs of un-
timely execution of operations and of under-utilization of power
resources. A computer programme to analyse the mechamsed
requirements of a farm is discussed. :

Introduction

In this paper some of the aspects that need consideration
when selecting the optimum machinery complements for a farm
are discussed. The increase in cost of energy as a result of not
fully utilizing the available power of a tractor is subject for dis-
cussion as is the effect of tractor size on the hourly utilization
factor. The concept of a timeliness penalty is introduced and it is
shown how this penalty can influence the choice of machinery.
Finally a computer programme that has been developed to
evaluate the optimum machinery complement as an aid to
mechanization planning is discussed.

Under-utilization of power resources

It is a costly practice not to fully utilize the potential power
available from agricultural machinery. Each tillage task
scheduled by a farmer may be measured in terms of the energy
required to complete that task. The amount of energy required
per operation per unit area is not a fixed quantity, but does vary
somewhat with the speed of operation, although as shown by
Zoz' (see~Fig 1) and Grecenko® the variation in energy require-
ments for variation in speed is fairly small.

The energy requirement for any task may be expressed in
terms of kilowatt hours. It is the product of the power available
and the time for which that power is required to achieve an end
result. As an example, consider a 43 kW tractor working at 50,
70 and 30 percent of maximum power. The cost per unit of
energy is shown for each of the three conditions in Table 1, as-
suming that life expectancy increases in proportion to the
decrease in average demand. The fuel consumption at the
various power ratings was derived from Fig 2 on the assumption
that operation was at the full govenor control lever position.
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Figure 1. Energy per hour required vs speed of operation for chisel and
mouldboard ploughing (after Zoz?).

TABLE 1
Calculation of cost per kWh

% Utilization of Power ................ 70 50 30
Averagepower (kW) . ................. 30 21,5 12,7
Assumedlife ........................ 5 6 7
TOTAL INVESTMENT() ............ 10000* 10000 10000
Tyrevalue .............. ...t 632 632 632
Resalevalue ........................ 3500 3000 2500
Depreciable amount .................. 5 868 6 368 6 868
FIXED COSTS

Interest ((—2£2—)x.10) ... .......... 600 583 571
Licence, Insurance, 3rd party (.2xI) ....... 200 200 200
Depreciation (Stralght line) ............. 1174 1061 981
TOTAL FIXED COSTS Per Annum ..... 1974 1844 1752

Specific fuel consumption (kWh/€) . ... ... 2.4 2,0 1.5
OPERATING COSTS :
1529

Fuel (@ I15c/litre) ...........cooun.... 2250 1935

Oil and Grease (@ 10c/hr) .. ............ 120 120 1200
Tyres (pro-rata of 3000 hr life) ........ 252 252 252
Maintenance (0,75 x I/lifeyrs) ........... 1500 1250 1071
TOTAL OPERATING COSTS ........ '. 4122 3557 3043
TOTAL FIXED & OPERATING COSTS . 6 096 5401 4795
Cost per hour .............coovnn, 5.08 4.50 399
Cost per kilowatthour ................. 0,169 0.209 0,313

* All costs expressed in Rand.

Taking 50% of maximum power as the standard it can be
seen from Table 1 that the cost is 20,9 ¢c/kWh. By working at
70% of maximum power, this cost can be reduced by 19% to
16,9 ¢/kWh. Working at 30% of maximum power results in a
cost of 31,3 ¢/kWh, which is 50% more expensive than the stan-
dard.

Some notes on the use of spemﬁc consumption as a too! for.
determining average utilization are given in Appendix I.

Matching of tractor to implement

. An efficient tractor-implement match results in the tractor be-
ing fully utilized at acceptable speeds of operation and within ac-
ceptable limits of tractive efficiency. Fig. 3 illustrates the
available output from a tractor in the various gear ratios.
Superimposed thereon is the allowable implement input, the
boundaries of which are determined by the allowable speed
limits and expected draft variation as a result of different
draft-speed relationships for the soils to be encountered. The
measure of the degree of success of the tractor-implement match
is the area of overlap between the available tractor output and
allowable implement input.

In Fig. 3 Pd is the envelope of potential drawbar power, ie.
(maximum axle power) x (tractive efficiency). Pdx and Pdy are
the amounts of available drawbar power in gear ratios x and y
respectively. B and C are the limits in drawbar pull expected due
to variations in soil type, A represents the lower limit of tractive
efficiency allowed, and VI to V6 are rays of constant speed
where V1 <V6. X is the increase in drawbar pull with respect to
speed (after Grecenko?).

Under-utilization with respect to hourly use

Booysen and de Beer! illustrated the cost of under- utlllzatxon
with respect to an hourly use factor. The hourly use factor is
dependent on the match of the selected tractor-implement com-
bination to the farming task at hand. The hourly productivity
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must be matched to the time available and the magnitude of the
task. Obviously a large use factor is desirable, as has been
shown by Booysen and de Beer' but extended use will result in
less timely performance of operations. In choosing a machinery
complement for a farming enterprise it is necessary to weigh the
cost of a low use factor against the possibility of incurring a
“timeliness penalty.”
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Figure 2. Engine power vs engine speed with lines of constant specific fuel con-
sumption superimposed (Hansent).

Timeliness

Timeliness penalties for the various operations that take place
in the production of -sugarcane are not easily quantified.
However, using the planting operation as an example there are
two instances in which a penalty might be encountered. Finan-
cial penalties may result due to prolonging the fallow period, and
‘'may also occur due to planting at a time of the year that
is not optimal. Hoekstra® established a relationship
for a North Coast estate in_the form of:

~  y=A+B(Cos ¢ (m-p))

where y is yield in tons cane per hectare at harvest (tch), A
is the long term mean yield with respect to planting date (tch),
and B is the amplitude of variation about the mean due to
planting in month m (numeric representation of month, eg.
January = 1 December = 12), as opposed to planting in op-
timum month p. It is interesting to note that for the particular es-
tate in question the value of B was 8 tch, that is to say the best
condition differs from the worst condition by 16 tch. Fig. 4
shows a diagramatic representation of the variation. It is evident
that an optimum planting date exists and that deviation from
that date can result in a penalty as great as 16 tch (for the case
of the estate in question).

The loss in profitability due to the prolonging of the fallow
period deserves consideration because the duration of the fallow
period is dependent not only on agronomic factors, but also on
the time that is required for the available machinery to complete
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land preparation. Discounting the expected profit from all subse-
quent crops to the date of harvest of the crop being ploughed out
for different lengths of fallow period, indicates the decrease in
profitability due to the duration of the fallow period. Fig. 5
shows the results of such an exercise. (The derivation of Fig. § is
discussed in Appendix II). From this figure it appears that,
within the bounds of the exercise, a decrease of*2% in
profitability per month of duration of fallow could be expected
(although obviously a 50-month fallow does not have a
profitability of zero). '
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Figure 3. Traction characteristic for a tractor-implement combination.

From the preceding discussion it appears that a “timeliness
penalty” does exist, relating to the time of planting and the dura-
tion of the fallow period. Should the availability of machinery
being used in land preparation and associated activities be in
any way responsible for delays in planting date or extension of
the fallow period, then the penalty so incurred must be debited
against that machinery. Such timeliness costs should be taken
into account when selecting the optimum size and number of
machines for a given farming enterprise. Fig. 6 illustrates the ef-
fect of timeliness on the total cost of production per unit of area.
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Figure 4. Diagramatic representation of yield at harvest with respect to
* plantiig date. (After Hoekstras),

Other mechanized operations in the production of sugarcane
obviously incur timeliness penalties, but are not easily quan-
tified. Timeliness penalties need to be quantified to make
mechanization planning more efficient.
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Figure 5. Percentage decrease in profitability vs duration of fallow period.
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Figure 6. The relationship between timeliness, labour and machinery costs with
respect to machine capaclty Labour costs are calculated on an hourly basis,
hence the reduction in tabour cost as machine capacity rises (after Burrows
and Siemens?).

Mechanization planning

It is necessary to take all the aforementioned considerations
into account when planning the mechanization needs of a par-
ticular farming enterprise. A computer programme has been
developed that matches tractor to implement, and then on the
basis of a given crop calendar, optimises the number and size of
items required in terms of the total machinery costs per annum.
The programme selects the machinery complement that is
capable of completing the given schedule of operations at the
least cost. This is achieved by scheduling each operation in the
order of the desired operation starting date. Each operation
schedule starts-at the specified start date or the first day
thereafter that the equipment necessary for the operation is
available.

Once all operations have been scheduled, the total utilization
of each implement and tractor is determined, from which infor-
mation a detailed cost analysis for every tractor and implement
is prepared. The sum of these costs, including the timeliness
penalty if it is applicable, provides the total cost of the particular
trial in progress (see Fig. 7 for a simplified ﬂow chart of the
computer programme).

To complete such an exercise it is necessary for the farmer to
specify the programme of field events for at least one year
ahead. The computer programme can accommodate data for 3

years in order to include all fields to be worked on in a given
crop cycle, which period could exceed 26 months. Obviously it
is not practical to programme so far ahead that planting
programmes for all fields could be included. This is unfortunate,
since at this stage it is only the planting operation for which a
“timeliness penalty” has been evaluated.

Discussion

For effective mechanization planning it is necessary to take
into account the factors, primarily economic, which affect the
choice of tractors and implements. The tractor and implement
cannot be considered separately, but must be chosen so that the
tractor is fully utilized with respect to the power available, and
so that the tractor-implement combination is matched to the size
of the task in hand, in that any under-utilization in terms of the
hourly use factor must be justified by a reduction in a
“timeliness penalty.”

Timeliness penalties for operations other than planting, and
indirectly the land preparation preceding planting, have yet to be
investigated. Once these penalties have been evaluated it will
facilitate efficient machinery selection and evaluation of
mechanized systems on a quantitative basis. The computer
programme developed is primarily an extension aid to help with
machinery management decisions. It has the facility that, as
more machinery data become available, these can easily be i in-
corporated into the analysis bemg carried out.
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Appendix 1
The use of specific fuel consumption as a measure of utilization

Fig. 2 relates engine power to engine speed with lines of cons-
tant specific fuel consumption superimposed. The optimum
region for operation has been indicated and it lies specifically
within the 3 kWh/litre contour. The tractor tested was in good
mechanical condition, and the fuel pump had been correctly ad-
justed, hence one would expect most other tractors to have a
performance worse than 3,0 kWh/litre. If 3,0 kWh/litre is con-
sidered to be the optimum, then estimates of optimum average
power requirement can be made by multiplying fuel consump-
tion in litres per clock hour by 3,0 kWh/litre, to give a result in
kW.

An investigation into the relationships between clock hours
and tractor hours produced the linear regression equations given
in Table 2. There were no significant deviations from linearity.

TABLE 2
Regression equations representing tractor hours vs clock hours for various
operations
Operation Regression equation Correlation Co-eff
Land planing y=0,78 + 1,05h 0,84
Pl_oughing y=3,17+ O 85 h 0,84
Ripping y=147+0,70 0,72
Harrowing y=173+0,7 0,54
y
h

= tractor hours
= clock hours
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Figure 7. Simplified flow chart of the computer programme to optimise the size
of a machinery complement.
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Appendix II

Assume a crop yield Y(r) tons cane per hectare, obeying the
equation Y(8r) = 105 - 9r, where r is the ratoon stage, r = 0
being a plant crop and r = [,2,---n, for n subse-
quent ratoon crops (Hoekstra®). Assume also that the age at
harvest of a plant crop is 20 months and the age of ratoon crops
is always 19 montbhs.

The total future profit discounted to present value is 'given by

Un
(Hoekstra5) where Up = E P,dlr
"l-dtn =0 .

Pr = miarginal profit per hectare of crop at ratoon stage r.

Zy =

d = discount factor where d = (When R = compound

I +R

interest as.a fraction for R = .15, d = .87).

= life of crop stage r expressed as years (to include fallow
period). _
Py =(V-C)Y(r)-Cpforr=o, Pr=(V-C)Y(r)- Ch for
r=12,---n
C = Cost of harvest per ton (R2).
V = value of crop per ton cane (R15).

Cp = Cost to establish plant crop (forward discounted to date of
harvest of 'that crop) per hectare (R850).

Ch = Cost'to establish ratoon crop (forward discounted to date
of harvest of that crop) per hectare (R220).

The calculation of Zy for fallow periods rangmg from O to 6
months is shown in Table 3.

TABLE 3

Calculation of Zn for variation in fallow period
Duration of fallow (Yrs) | g, | ® | Os) g, R) | (Yrs)| 4 (R) (Yrs)] g (R) (R) (R),
period months t, Pg t, ' P*| t }| Pt t . P Un Zn
» 0 1,67 719 515 3_,-25‘ “ 04 1130] 4,85 Wi 1102 6,42 ,4} 1 056> 2 123 3599
2 }l ,83 ,7.8 515 4|, 62 1 130‘ 5,00 ,501 1102 6,58 40| 1056] 2073] 3456
4 2,00 , 76 515 3,581 , 61| 1130 5,79 491 11021 76,75 ,39] 1056 2025 3319
6 2,17 . ,74 515 3,95 .,58 1130 5,34 48] 1102 6,92 ‘,38 1056] 1959] 3160

*inflated at 10% per annum.



