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ABSTRACT

GRAIN COMBINE LOSS CHARACTERISTICS

by Erling Orvald Nyborg

A digital computer program was written to analyze grain
combine loss data. The program compared the goodness -of -fit
of three simple correlation models (expressing loss as a function
of feedrate) and of two multiple correlation models (expressing
loss as a function of feedrate and grain/straw ratio).

The use of feedrate (weight per minute of straw and chaff)
and of throughput (weight per minute of grain, straw and chaff) as
independent variables was examined by comparing fits of the
correlation models.

The effect of yearly climatic variation on crop variables
was examined in order to determine the validity of comparing
loss data from machines tested in different years and crop
conditions.

Analysis of loss data from nine combines, each tested in
five crop conditions, and from one combine tested in twenty crop
conditions, over a four year period, indicated the following:

(1) A multiplicative model, percent loss = a (feedrate)b
(grain/straw)c, described rack, shoe and cylinder performance in
fields of varying grain and straw yield. In uniform fields, more
simplified models best described performance.

(2) The use of "feecira.te" as an independent variable

accounted for more of the variation in grain loss than did the
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use of "throughput'', when grain/straw variation was neglected.
When grain/straw variation was considered, both variables
described the process equally well.

(3) Unless some measure is made of crop physical
properties (perhaps straw break-up and ease-of threshing)
comparison of loss tests, conducted in different crop conditions
and growing seasons, is not valid. A standard combine can,

however, be used to make valid comparisons.
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INTRODUC T ION

Basis 1tor the Problem

Evaluating the performance of a grain comnbine in a specific
crop condition is complicated both by machine and crop variables.
This makes comparison of performance of one machine in two
crop conditions difficult. It also makes performance comparison
of two different machines 1n ditfering crop conditions impossible
unless the effect of crop variables 1s understood.

At present, there is much difference of opinion in how to
evaluate combine performance. A logical approach to this problem
would be of value both to manufacturer test departments and public

test agencies.

Liaterature Review

Examination of combine tesi reports from seven different

public test agencies (1), and from scveral private test departments,
indicates that there is much ditfferen-e ot ominion in how to rate
combine performance. Gram loss 1s expressced in several different
ways (percent of yield, bushels per acre, pounds per minute) and
work rate is also expresscd in sceveral different ways {(pounds per

minute of straw and chaff, pounds per "ninute of sfraw, grain and

chaff, pounds per minute ot grain, miles per hour, acres per hour).

Numbers in parenthesis rofer to pubii-rafions li-ted in " References"
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In most instances, no attempt has been made to compare
performance of combines tested in different test seasons. A
""standard'" comparison machine has been used at at least two of
the public agencies (7), but reports on comparison to a standard
are available from only one agency.

Considerable work has been done regarding the effect of
crop and machine variables on threshing performance (2,12) and
separation performance (5,6, 8, 9,11) but results of such studies
have not been fully incorporated into combine test programs.

In most instance, the approach has been to assume constant
crop conditions in a test field and to simply express loss as a
function of combine rate of work. Experiences from test work in
Saskatchewan (13) indicate that selecting a uniform field for loss
tests is nearly impossible. It further indicates that accounting
for variation in crop variables, in a test field, is necessary both
for determination of combine loss characteristics and for

performance comparison of machines.

Objectives

The objectives of this research are:

(1) To determine the important parameters affecting combine
loss characteristics.

(2) To determine mathematical models which describe
combine performance as a function of machine and crop variables.

(3) To test the goodness of fit of these models by comparing

them for several combines 1n several loss conditions. (Comparison
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will be on loss data from nine combines, each tested in five crop
conditions and on loss data from one combine tested in twenty
different crop conditions over a four year period. This represents
a total of 576 individual loss collections.)

(4) To arrive at a method for comparing performance of
two different machines on the basis of loss tests conducted in
dissimilar crop conditions.

(5) To write a digital computer program to analyze combine

loss data, determining the best-fit regression equation.






DATA COLLECTION

Field and Crop Conditions

The data was collected in Saskatchewan during the 1961 to
1964 harvests, by the former Saskatchewan Agricultural Machinery
Administration. The selected crops represent typical field conditions
occurring in the province. Test sites were selected on a basis of
uniformity (level terrain, relatively weed free, uniform straw
length, uniform maturity).

All loss tests were conducted in windrowed fields. This
served two purposes: It eliminated extreme variation in grain and
straw moisture content and it enabled full loading of the test
machines in light crops.

Loss tests were conducted at dry grain moisture contents
(spring wheat - below 14.6%, durum - below 14.9%, barley - below

14.9%, oats - below 14,1%).

Collection Technique

A's outlined in (13),a batch collector (Figure 1), constructed
so that it could be quickly coupled to any test combine, was used
for collection of the rack eff{luent, shoe effluent and grain.

Operation of the batch collector is as follows: A small
engine (Figure 2) drives two adjustable conveyors, one positioned
beneath the straw walkers and one beneath the shoe. When the
combine reaches a stable operating condition, the bag mechanism

is tripped, activating the grain tank solenoid (Figure 3), starting



the distance counter (Figure 4) and activating a warning signal
(light or buzzer) for the combine operator. Upon receipt of the
signal, the combine operator starts a stop-watch. When the bags
are full, the procedure is reversed.
Collected samples were immediately weighed (Figure 5).
Ten such collections, at ten different ground speeds, were
made in each test field for each test combine and a ''standard"

combine. This was a test series.

The Use of a Standard Machine

As noted above, in each test series, loss data was collected
for both the test combine and the '"'standard' combine. The value
of a standard is explained as follows: In each test series, loss
characteristics of the standard combineare compared to those of
the test machines. This allows indirect comparison of combines
tested in different years and crop conditions. For example, in
a 1961 wheat field, the capacity of machine A was 2 times the
capacity of the standard combine at a certain loss level, while
in a 1963 wheat field, the capacity of machine B was 1.5 times
that of the standard combine. This allows us to say that the
capacity of machine A in wheat is roughly 1.3 times that of
machine B, at a certain loss level. Without the use of a standard,
or without a method of assessing the importance of crop variables,
this sort of comparison would be meaningless. Combine loss
characteristics are very dependent upon crop growing conditions

in a specific year.



Batch Collector Batch Collector Drive

Figure 1 Figure 2

Grain Tank Solenoid Distance Counter

Figure 3 Figure 4



Time of Collection

Since crop conditions may change quickly during the day,
loss collections were usually conducted in mid-afternoon when
conditions were relatively stable. Loss collections for the group
of test machines were collected in as short a period of time as
possible, to reduce the effect of change in moisture content
(collection of ten samples for one machine took approximately

twenty minutes).

Sample Processing

Rough scalping of the samples was done with a batch
separator (Figure 6), a modified small pull-type combine.

The batch separator operates as follows: The rack effluent
and shoe effluent are first passed through the separator, by-passing
the threshing cylinder. This removes free grain (rack loss and shoe
loss) from the effluent. The straw and chaff is collected as it passes
through the separator. This material is passed through the cylinder
of the batch separator, removing unthreshed grain (cylinder loss).

Final cleaning of the samples was done on a fanning mill

(Figure 7).



Weighing a Sample Processing in Batch Separator

Figure 5 Figure 6

Final Cleaning

Figure 7



PARAMETERS AFFECTING COMBINE PERFORMANCE

Purpose of Loss Tests

Loss tests are a method of determining the performance
characteristics of a complete machine. They are not an attempt
at determining the performance of all the individual components
of a combine, such as could be conducted during the intermediate
design stages of a machine.

Figure 8 is a sdematic cross-sectional view of a grain
combine, illustrating the points of importance in combine
performance determination. Most of the components shown in
Figure 8 are interrelated. The adjustment and performance of
one component may affect the performance of several other
components.

For purposes of a loss test, it is necessary that the combine
be adjusted to an optimum condition. Grain damage, straw break-up,
cylinder loss, rack loss, shoe loss and free grain in the tailings
should all be at a minimum. Under-cylinder separation should be
maximized and the grain must be acceptable (reasonably free of

chaff and whitecaps).

Interdependence of Parameters

In order to maximize performance, the interdependence of
the parameters (Figure 8) must be understood:
- under-cylinder separation = fl (cylinder speed, concave

clearance, feedrate, moisture content, crop)
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- cylinder loss = fZ (cylinder speed, concave clearance,
feedrate, moisture content, crop)

- grain damage = f3 (cylinder speed, concave clearance,
feedrate, amount of grain in tailings, moisture content,
crop)

- straw damage = f4 (cylinder speed, concave clearance,
moisture content, crop)

- rack loss = f5 (straw breakup, amount of tailings, feedrate,

crop)

- shoe loss f6 (straw breakup, feedrate, crop)

Elimination of Variables

The effect of some of the above variables can be minimized
as follows:

Moisture content

By windrowing the crop prior to loss collection, the moisture
content of the straw and grain stabilizes at a uniform level., This
reduces errors due to large variations in moisture content. Conducting
all tests on crops that are relatively similar in moisture content
(on ""dry'' grain) improves the validity of comparison between
machines tested in different years. Collection of loss data in a
short period of time reduces errors due to change in moisture content

during collection.

Tailings
Before the test, chaffer, sieve and fan settings must be

adjusted to minimize (if possible, eliminate) free grain in the
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tailings and minimize shoe loss, while maintaining an acceptable
sample in the grain tank. These adjustments eliminate further
concern about the amount of tailings since the optimum shoe
setting, for minimum shoe loss, minimum tailings and an accept-

able sample of grain, has been obtained.

CylirTlder loss and grain damage

Before testing, an optimum cylinder setting must be obtained.
This is the combination of cylinder speed and concave-to-cylinder
clearance which minimizes cylinder loss, crackage and straw break-
up for a specific crop and crop condition. This adjustment eliminates
further concern about the effect of straw break-up on rack and shoe
performance and eliminates concern about the amount of under-
cylinder separation, since this is the necessary setting to obtain

maximum threshing efficiency.
Total Loss

With the simplifications introduced above, it is now apparent
that:
- total loss = f7 (feedrate, crop variables).
The components of total loss are:
total loss = (rack loss + shoe loss + cylinder loss + pickup
loss + body loss).
To simplify analysis, body loss and pickup loss can be

excluded in analysis of the combine. Body loss is leakage of grain

through the body of the machine. It is an indication of quality
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control during manufacture rather than of combine performance.
Although of concern in small seed crops (rapeseed, clover, alfalfa,
etc.) it is of little concern in grain and hence need not be considered
in loss tests. On the other hand, pickup loss (3,16) is a function of
the type of windrower, stubble height, time of windrowing, pickup
adjustment, ground speed, crop yield, straw length, moisture
content, weathering, etc. In light crops pickup loss may be the
largest component of total loss, whereas in heavy crops it is
negligible. Since the pickup mechanism is a machine in itself,
it can be evaluated independently from the combine, and need nat
be considered in loss tests on a combine.

After these simplifications, it is apparent that only rack
loss, shoe loss and cylinder loss (dependent variables) and feedrate
and crop conditions (independent variables) need be determined in

combine loss testing.

Crop Variables

Which crop variables should be measured? Using the
simplifications introduced above, for a certain type and variety
of crop, of constant grain moisture cantent and constant straw
moisture content, only two crop variables, grain yield and straw
yield, remain undescribed. The final result is:

- total loss = flO (rate of work, grain yield, straw yield).
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Methods of Expressing Variables

Loss can be expressed in two meaningful ways:

- unit weight of grain loss per unit field area (i.e. bus/acre,

kg/ha)

- loss as percent of total grain (i. e. percent of yield).

The second method (percent of yield) is most useful since
it allows easy comparison of performance in different crop
conditions.

Rate of work can also be expressed in several ways:

- ground speed (i.e. miles/hour, km/hour)

- field rate (i.e. acres/hour, ha/hour)

- feedrate (i.e. lbs/minute of straw and chaff passing

through the combine)

- throughput (i. e. lbs/minute of straw, chaff and grain

passing through the combine)

The first two (ground speed and field rate) are not good
parameters for use in comparison since they do not take into
account the actual amount of material passing through the combine.
One of the purposes of the following analysis is to decide whether
feedrate or throughput is the best parameter describing work rate.

Grain yield and straw yield can also be expressed in several
ways:

- grain yield (i.e. lb/min., bus/acre, kg/ha)

- straw vyield (i.e. lb/min, tons/acre, kg/hr)

- grain to straw ratio (i.e. weight grain/weight straw)
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The last method (grain/straw ratio) is the most sensible
since it avoids confusion with units of measurement and allows
direct comparison between different field conditions.

Using the above terminology, the final model for the
process is:

- loss (% of yield) = f11 (feedrate, grain/straw), or,

- loss (% of yield) = f12 (throughput, grain/straw).



MATHEMATICAL MODEL FOR REGRESSION ANALYSIS

Need for a Model

Before regression analysis can be conducted on the collected
data, a mathematical model must be determined so that the data
can be examined for closeness of fit to the model. The model
should explain both what is expected from theory and what is

obtained experimentally.

Simple Model, Constant Grain/Straw Ratio

Consider a loss test conducted in an ideal uniform field (a
field of constant grain yield and constant straw yield). Since the
grain/straw ratio is constant, it will not enter into the analysis.
The models for rack loss, shoe loss and cylinder loss may now

be constructed as a function of only feedrate (or throughput).

Rack loss model

At low feedrates, separation through the concave is
maximum and the mat of material on the straw rack is of minimum
thickness, resulting in efficient separation and negligible loss.

As feedrate increases, separation at the concave decreases (non-
linearly) resulting in more free grain on the rack. As the amount
of material on the rack increases, the oscillation of the straw on
the upper portion of the rack virtually ceases. (This can be
verified by observing straw rack action at various feedrates, in

actual operating conditions.) Once a certain feedrate is reached,

16
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separation on the rack virtually ceases and a small further increase
in feedrate results in an exponential increase in rack loss. Indeed,
the loss-versus-feedrate curve probably is asymptotic to some
vertical line.

It then appears, that if a loss test is conducted to a sufficiently
high feedrate, an exponential model (rack loss = a (feedrate)b) is
a reasonable choice. However, if the runs are all at low feedrates,
a linear model (rack loss = a + b (feedrate)) or some intermediate
model, may be the best fit. To illustrate this point, Figures 9 to
11 show plots of three different sets of loss data. The 90% confidence
belts are shown as the shaded area. In Figure 9, in wheat, a linear

1

model, RL = - 6.086x10 " + 5. 532x10'3(FR), is the best fit. In

Figure 10, in barley, an exponential model, RL = 9, 201x10"6‘(FR)2'654
is the best fit. In Figure 11, in wheat, a simple exponential model,
RL = 2.587x107 (1. 014)" R}, is the best fit.

Since the best fit model is a function of crop conditions and
the range of feedrates achieved, in a series of loss measurements,
a regression analysis program should compare all three of the
above rack loss models and thus select the best fit.

It is also apparent, that for a field of constant grain/straw

ratio, both feedrate and throughput will serve equally well as an

independent variable in the loss model.

Shoe loss model

It is expected that, at high feed rates, the layer of grain
and chaff on the shoe will become deep enough to cause matting

and nearly complete loss of separation ability (this can be verified
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by observing shoe action at high feedrates in actual operating
conditions). Hence it is to be expected that shoe loss also varies
exponentially with feedrate, asymptotically approaching some
limit. Since the amount of material passing over the shoe is
much less than that passing over the rack and since air, as well
as oscillation, is used for separation on the shoe, it is expected
that this limit will be reached at higher feedrates than for the
rack limit. In most crops, the range of feedrates will probably
be low enough, that a linear fit of the data will be a good
approximation, however, if much straw break-up occurs an
exponential fit may be required. Since the best fit model will
again be a function of the range of feedrate and the crop condition,
the same three models used for rack loss should also be compared

for shoe loss data.

Cylinder loss model

Although cylinder loss increases with feedrate, the increase
is usually small in comparison to rack loss and shoe loss. Cylinder
loss is a function of cylinder speed. Since only a slight reduction

' it is expected that a linear

in cylinder speed results in ''slugging, '
model will probably best fit the cylinder loss data. However, since
a comparison of the three models is to be used for rack loss and

shoe loss, some information may be gained by comparing the fits

of the three models.



22

Including Variation in Grain/Straw Ratio

Consider two crops, both having grain yield of X lbs/acre,
the first, (a),having a straw yield of Y lbs/acre and the second,
(b),having a straw yield of 2Y lbs/acre. For similar ground
speeds, the loss will be greater in field (b) than in field (a) since
the mat of straw will be twice as thick, hindering separation. It
is also expected that for similar feedrates the loss (% of total
grain) will be higher in crop (b) than in crop (a). (It is only the
amount of straw and chaff, in a mixture of grain, straw and chaff,
which hinders separation.) Likewise, it is expected that for
similar throughputs, the % loss in field (b) will be greater than
that in field (a).

It is then expected, that for a constant feedrate or through-
put:

- loss =f), (grain/straw) .

From previous work (13) it has been found that, for a
constant feedrate, the relationship between loss and grain to straw
ratio is probably exponential:

- loss = a (G/S) -b

However, since this work was based on a limited amount
of data, it would be wise to also test the linear model:

- loss =a -b (G/S)
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Multiple Model

It is expected, that in fields of varying grain straw ratio,
a multiple model, considering the influence of both feedrate and
grain/straw ratio is necessary. Probably a multiplicative model,
will describe loss characteristics:

- loss = a (feedrate)b (grain/st:ra.vv)C
When the range of feedrate and grain/straw variation is small,
a linear model may be the best fit:

- loss = a + b (feedrate) + ¢ (grain/straw)

A program for loss analysis should test the goodness of
fit of both the above models, using feedrate as well as throughput

for the first independent variable.






DATA ANALYSIS

Technique of Analysis

The first approach used is one of simple correlation (4,10,
14,15). Loss is regressed on feedrate or throughput, neglecting
any variation in grain/straw ratio. This is the condition that is
found in an ideal field (a field of constant grain yield and constant
straw yield).

The technique of ''multiple regression with two independent
variables as a sequence of straight-line regressions'' (4) is used to
introduce variation in grain/straw ratio, resulting in a multiple

correlation model.

Simple Correlation

Transformation of data

The three selected models are such that they can be transformed
to the linear case, to facilitate fitting by the method of least squares:

- The linear model, RL = a + b (FR), needs no transformation

- The exponential model, RL = a (FR)b, is transformed by
using natural logarithms: In (RL) = In (a) + b In (FR)

- The simple exponential model, RL = a (b)FR, is also
transformed using natural logarithms: In (FR) = ln (a) + FR 1n (b).

Fitting now takes place on the transformed data.

24
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Method of least squares

We are looking for a line of best fit which estimates the
true regression line, a + BX Let the line of best fit be:
Y =a +bX +€, where € is the error term. Let € = (-)bX,

n
where X = '21 X/n. Then, Y =a + b(X-_)E).
1=

A
Define a residual as (Y - Y).
The method of least squares requires that:

n A
(1) i§1 (v, -Y,)=0

n A 2

(2) Z (Y, - Y.)” = minimum
i=1 1 !

The first condition can be satisfied as follows:

A n —
(Y. -Y.)= Z (Y, - (a+b(X, -X))) = 0
I A £ S i

MB

i

n _ A _— —
Then a = ,21 Yi/nz Y, or Y=Y +b(X -X).
1=

Satisfying the second condition:

n —
Let G(a,b) = Z (Y, -a -b(X, - X))°
i=1 1 i

3G _ , = (Y. -a -b(X, - X))(-1) =0
da i=1 i i
n —_—
Simplifying, a = 3 Yi/n =Y
1=

8G _ , I _ o
3 - 2 F (Y -a-Db - XN(-(X; - X)) =0

— — n =2
-(X, -X) -b = (X, -X)" =0

n
Z (Y.
: i

i=1 1






Simplifying, b

covariance (X, Y)

b = variance (X)

This may be rewritten in the following form to facilitate

computation:

b = i=1 nl 1 1 1n1i:1 1
n 2 X2 - (2 x)°
i=l 1 i=1 1

Checking the Goodness of Fit, Simple Model

Several methods are used to test the three simple correlation

models, to ascertain which model is a ""best-fit'"" for the data:

Simple linear correlation coefficient, r

*1
S
XY
r = ’ -1 < r<l
¥x) le SY —
S
*]
This may be rewritten as; r =b =
rX S
1 y
2 2
In computational form this is: (r = (=2 ) z 2 Z
p yxl) (= /z 2

Note that the sign of ryx is determined by the sign of the sum,
1

(ny), within the brackets, in the numerator.
A high correlation coefficient means that there is a definite
relation between X1 and Y. It can be seen that if the Xl 'sand Y's

are equal in standard deviation, and if the slope, b =1, then there

is a high positive correlation.



(W8]

<o

IRS)
(]




27

Coefficient of determination

C=100(r )°
yX

1
C is a measure of the percent variation, about the mean, in the
data. In other words, C% of the variation in Y is accounted for

by Xl'

Standard error of the estimate

2 1 n

) 2 (n-1) 2
y T (n-2) i

"N
(v, - YD = a5 8,200 - ryxl)

(S. E.

The standard error of the estimate is an index of the amount
of scatter, of the measured points, about the calculated regression

line. A small value indicates a good fit.

Limits of prediction

The confidence interval for the prediction of Y, given an
Xl, may be determined. The limits of prediction are (Y£A),

where

(x - 35)“

XiZ -n (i)Z

A:tu/Z(S.E.) 1 +1/n+

™Mz

1

1
where x is a certain X1 measure for which A is to be
calculated.

This results in confidence bands which are the branches of an

hyperbola. The confidence level is (1 -a) %.
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ANOVA for significance of regression

Let E(Y.)=B +B
1 o

Let F

mean square due to regression

1

X. .
1

Test the null hypothesis, Ho:B

1=0.

calc.

to Ftab(l’

F

calc. > F

tab.

" mean square due to residual variation °

(n-2), a), where (1 - a) is the confidence level.

Compare this

If

, reject Ho; otherwise do not reject Ho.

This analysis of variance is explained in Table 1.

Table 1. ANOVA, Ho: Bl =0
Source of Degrees of
Variation Freedom Sum of Squares Mean Square ¥
Total (n - 1) Eyg
. 2 2 A
Regression 1 ryx1 zZ 2 ryx1 Eyz = A cale. B
Deviation
from 2 > bD)
Regression (n - 2) (I-r )Z 2 (1-r )~ =
(residual yXpo ¥ yxy (n-2)
variation)

Residual plot

As indicated in (4), the above tests must be used with caution

and can give misleading results when comparing models.
of residuals, (Y - ';(\'), against feedrate gives

of the goodness of fit, when comparing the three models.

The plot
a wvisual 1indication

Figure

12 illustrates some of the information which may be obtained from

such a plot.
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good fit

calculation
error

variance
not constant

need for
extra terms

RESIDUAL PLOTS
FIGURE 12
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Expanding the Simple Case into Multiple Correlation

Multiple regression of two independent variables as a sequence
of straight line regressions is used in transforming the simple models
into multiple models (introducing G/S variation).

Let the desired solution be:

Y:a.'i-bX1+cXZ ,

This gives, Y =a, +b, X the result obtained

Regress Y on X 1 1 X1

1
in the previous simple correlation.
A
Calculate the residuals, (Y - Y). This was also done in the

previous simple correlation.

Regress X2 on X1 . This gives, X, = a, t bZX

2 1°

N
Calculate the residuals, (XZ - XZ)'

A A A
Regress (Y - Y) on (X, - X This gives, (Y - Y) =b

> 2). (X, -X

3
Note that since the sum of the residuals must be zero, this line
passes through the origin.

Combine the equations:

(Y - (a1 + b Xl)) = bS(XZ. - (aZ + ble))

1
A
Y = (a.1 - b3a2) + (b1 - bBbZ)Xl + b3X2
A

Y = a4+b4Xl +b3XZ
The last equation is the desired multiple regression of Y on
(X1 and XZ)'
The above analysis is carried out for the two multiple cases:

(1) the linear model:

RL = a + b(FR) + ¢ (G/S)
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(2) the multiplicative model:
RL = a(FR)® (G/9)¢
which must be transformed to the linear case, with logarithms,
before the above analysis can be carried out:
InRL =Ina+ bln(FR) +c In (G/S)
Two more complicated multiple models could be constructed
from the simple correlation models by combining the linear model

for Y on X, with the exponential model for X, on X,, and by combining

1 2 1’
the exponential model for Y on Xy with the linear model for XZ on
X The latter two models were not used in the analysis. Results

1.
from the first two models (linear and multiplicative) indicated that

the more complicated models were unnecessary.

Checking the Goodness of Fit, Multiple Models

The following methods are used to test the goodness of fit

of the multiple correlation models:

Simple correlation coefficients

2 2
(1) r =(Z_  )/Z 2= 2
yX Yy Y x
1 1 1
r = rZ’ , =1<r <1
¥y y¥1 e

This was calculated previously in the simple model analysis.

2 2
2) r = (= = =
(2) ye, ( Y"z) /Z 2 <
r = rZ , -1 <r <1



The simple correlation coefficients represent the linear
correlation between any pair of variables, disregarding the
remaining variable. Note that the sign of the simple correlation
coefficients is determined by the sign of the sum within the

brackets in the numerator.

Partial correlation coefficients

(1) r2 . = (r -r r )2/(1 - r2 1l - r2 )
Y¥1" %2 Xy VX2 /1% 2 *1%2
r = r2 . , =1 <r . <1
yX1t %2 y¥1°*2 Y¥1° %2

(2) r° s -r ot )0 -ri -1t )
Y¥2' % Y2 Y% X1*2 1 *1%2
r = /rz , =1<r <1
¥ %) Y¥1t %2 X2 %1

The partial correlation coefficients represent the relation between
two variables, when one or more of the remaining variables is

held constant.

Multiple correlation coefficients

R=NR® , 0<R<I

The above formula shows the relationship between the multiple
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correlation coefficient and the partial and simple correlation
coefficients. Serious truncation errors, resulting in values of
R > 1, may occur if this formula is used in a computer for
computation of R. The following basic definition of R yields

correct results when used in a computer:

R =NR® , 0<R<1

Note that if ¥, = Y, (i.e., if the prediction is perfect) then
R% - 1. Conversely, if Y, = Y (i.e., b, = b, = 0) then R®=0.
Thus it can be seen that R2 is a measure of the usefulness of the
terms, other than Bo’ in the multiple regression equation,
Y = BO+B1X1 +B2X2 t+e€.
Note that R2 can be made unity simply by using n properly
selected coefficients for the model. Hence, some test other than

. . 2 e
the increase in R~ must be used to test the significance of the

additional term (grain/straw variation) in the equation.

Multiple coefficient of determination

C = lOOR2

C represents the total percentage of variation in the dependent
variable (percent loss) explained by the two independent variables

(feedrate and grain/straw variation).
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ANOVA for significance of additional regression due to grain/straw

Let E(Y)) =B_+B/X  +B,X

Test the null hypothesis, Ho: B2 =0.

mean square, additional regression due to X2

2i °

Let Fcalc. ~ mean square, deviation from multiple regression

Compare this to Ftab (1, (n=3), a), where (1-a) is the confidence

level. If FC reject Ho; otherwise do not reject Ho.

>
alc. l:‘tab. ’
This analysis of variance is explained in Table II. Note

that the first part of this table is similar to Table I. This analysis

tests the value of the additional term (grain/straw variation).

Standard error of the estimate

(S. E. Y)Z = mean square, deviation from multiple regression

2
S.E.y:J(l-R )Eyz/(n-B)

Residual plot

As explained previously, the most important method of
determining the necessity of the additional term (grain/straw) in
the equation is by examining the improvement in the residual plot,

as compared to the residual plot of the simple model.

Interpretation of results

In order to determine the validity of the multiple model as
compared to the simple model the following criteria are used:
1. An improvement in the residual plot.

2. The additional regression due to X, should be significant.

2

3. A decrease in the standard error of the estimate.
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ANOVA, Ho:B, =0

2

Source of

Degrees of

Variation Freedom Sum of Squares Mean Squares F
Total (n-1) z 2
y

Regression 2

due to X 1 by (Z_2)

1 yX, Y

Deviation 2

from simple (n-2) (1-r )Z >

regression i U
Additional

regression 1 r2 (1 -r2 )Z_ 2 r2 (l-r2 )-| F =L

due to X, yXptXp X YT | yRrxp yx) | Ceale K

z =7J
y2
Deviation from 2 > zZ 2
multiple (n-3) (1-R )Zyz (1-R7) n-3) K

regression
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4. A noticeable increase in the correlation coefficient

(i.e., R> r ).
H] Yxl
5. At least a 1% increase in the coefficient of determination.

DIGITAL COMPUTER PROGRAM

Description of Analysis Performed by the Program

The FORTRAN loss analysis program, written for the M. S.U.
CDC3600 computer is shown in Appendix I.

The Program performs the following functions:

1. Print out of raw data.

2. Calculation and printout of performance parameters
and crop variables.

3. Printout of scatter diagrams (rack loss (%) vs. feedrate
(1b/min), shoe loss (%) vs. feedrate (1b/min), cylinder
loss (%) vs. feedrate (1b/min)).

4. Fitting the loss data to the mathematical models and
comparing goodness of fit: The simple linear, exponential
and simple exponential models are fitted by the method of
least squares. Confidence limits (90% level) are calculated
for the three equations., The F statistic (for the significance
of regression due to feedrate) is calculated and tested for

significance at the 95% level and 97 1/2 % level,

The simple correlation coefficients, ryx , coefficients of determination
1
and standard errors of the estimate are calculated. Finally, the graphs

of residuals vs. feedrate are printed. This data allows comparison
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of the three simple models for rack loss, shoe loss and cylinder loss.
The regression of grain straw on feedrate is now conducted
for the linear and exponential models. The simple correlation
coefficients, rxlxz, are determined.
The regressions of loss residuals on grain/straw residuals
are calculated, using both a linear model and exponential model.
The multiple correlation equations are calculated for both
the linear and multiplicative models. The coefficients of simple
correlation, rYXZ, and the multiple correlation coefficients, R,
are calculated. The standard errors of the estimate are determined
and the F statistic (for additional significance of regression due to
grain/straw variation) is calculated and tested for significance at
the 95% level and 97 1/2% level. The graphs of residuals versus

feedrate are printed. This data allows comparison of the two

multiple models for rack loss, shoe loss and cylinder loss.

Interpretation of Sample Output

Figures 13 to 16 show output of the computer loss analysis
program for a loss test on the standard combine in a non=uniform
field of Selkirk wheat. Raw data, crop conditions, intermediate
calculations and scatter diagrams are shown in Figure 13; Figures
14 to 16 illustrate the fitting process.

Comparison of the three simple correlation models shows
that either the exponential models or simple exponential models are
the best fit for rack loss and cylinder loss, while the linear model

is the best fit for shoe loss. Examination of Figures 15 and 16
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shows a high negative correlation between loss and grain/straw
ratio. Comparison of the two multiple models and comparison
of the multiple models to the simple models shows that the
addition of grain/straw variation significantly improves the

fit in all cases., The multiplicative model is the best for rack
loss and cylinder loss whereas the linear multiple model is
the best fit for shoe loss. Hence, in this example, the best

fit equations are:

1. 350 -3.177

RL = 1.125x10°° (FR) (G/S)

SL = 2.085 - 6.853x10"*(FR) - 1. 471 (G/S)

1.278 -1.529

CL = 2.961x10" > (FR) (G/S)

The above example represents data from one combine in one
crop condition. These results are not necessarily indicative
of what may be expected, as is illustrated in the following

discussion of results.
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MACMING P L. _TRST . VARJSLY | MINnAON SYRAM | LOCATION DATE
N IMIER PR SYAND
Cowe [ TTeT TTavsan | [ SFL«IAN <InDROW| 3 ARCOLA | 17+8-64
RUN. w!dth § uISTANCH TIME | STSA~ | CwWaffF | GRAIN RACK SHOE ] CYLINDER
AND L OSS|avD LNSSCOLLECTEN LOSS L0SS LOSS
(FEET) | (FEET) H“INUTESRCPOUNDS)| (PQuUNPS)L(POUYDS) KPQUNDPS?I| (POYNDS)| (POUNDS)
1 12.07 73.48 0.49 31.00 4.00 {1 27.90 1 0.15 1 9.24 0.21
2 12,00 62,0 0.5% 34.%0 4,00 34,00 0.17 1,24 0.18
3 12,00 |l a1.v0 L .0.47 _ | 30,00 | 2401 d4.00 9,32 15 | 9,27
4 12,90 24,00 0,39 2n,%0 4,00 34,90 0,07 n.12 0.2%
L] 12,07 62.°8 0.32 28,40 2.00 19,00 | 9_1 119 0.44
. 12,00 e, 00 0,34 30,00 3.00 34,00 0,20 n,.17 0.31
7 12,00 55,70 0.2% 31,90 2,00 | 20,90 _| 0,27 | 1.7 0.3%
" 12,4¢ LERRT] 0,2? 34,70 1,00 18,40 1,50 n,24 0.8%
2 12,40 82.-0 2,25 29,00 2,00 25,24 .22 2.2 0,56
RUN | STHea A'D TOTAL FEETRATE HACK SHOE CYLIvDER SPEED WORK RATE GRAIN RAIN/STRAM
CHAFF LTS 1.08§ Loss L0SS YIELD RATIO
0was.} LS,y | LS./~ 1%, )| (PERCENTY | (PERCENT) | (PERCENT)Y | (MILE/MOURJ| (ACRE/HOUR)| (LBS./ACRE
1 34,40 27,89 S S L S SR S L. § 0,82 .26 1,73 2,51 1372.44 0,80
2 37,41 18,59 0.44 0,46 0.49 1.28 1,86 2142.29 .98
3 31,46 14,54 0.35 - Daad_ L _0.28 1,23 1,79 2450.44 1,10
. 31,56 e, 4 c.2n 0,18 0.73 1.92 2,80 1694.20 1.09
s 29,08 19,92 1.44 _. 0,08 | 4. 2.20 3,20 1166.28 0,69
) 32,2 1,62 9.54 0.49 0.89 1,47 2.14 2861.10 1.07
? 32.21 26.29 . . C1.01 [ 0,43 FURTY 2,50 3,64 1768.44 0.43
n . .53 7.0 [T 413 2.08 3.02 1779.56 0,40
9 28,04 1.04 0.81 ). _2.15 3.05 4,43 1410.82 0.87
uF 32 awc-1p 2 W-EAT SELKIRC  w|NDRAW 3 ARCOLA  17-8-6¢
Ntlr 1SS SuOE LOSS CYLINDER LUSS
——— —cer—
20 . 24 .
3 . R 2 .
2 . 22 .
” . 2 .
2 . - S 20 .
19 . 19 .
18 . 1.
17 . 17 .
16 . 16 .
15 . - 15 .
1. . T T T - 14 .
13 . - 13 .
12 . 12 .
£ . } e R [ .
(SRR E 11 .
Q . ] .
(A1 I c10 .
3 . I € .
L N 9.
. 1 . L . . T .
8 . s .
. L . [N .
c 7. 0o 7.
< . B s .
€ 6. S 6.,
5 . T 5.
. N L .
.. .. .
s 5.
2l — 2 ..
. . . .
.o 1. e o o C 1. o e
o . ee o o . e
PR R I R R R T T Y] [ I T A R S T T ) D teeccscesvasnsansccsncorssassrecsclonsnons
146 270 300 9 100 T 200 %90 0 100 200 300
FELUSATE (1 ~S,/r1N,) FEENRATE (LBS./KIN,) FEEORATE (LBS,/MIN,)

RAW DATA, INITIAL CALCULATIONS ARD SCATTER DIAGRAMS
FIOURE 13
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ELITING A LINSAR FUNGTION o Yoqepx

— Race igss _Su0P 1083 o _ CYLINDR LO®S
— e ] E=—————————==
—_PERCENY | 0882:3,9480000a 5. 97A-002(FEEN)  PERCENY | 0SSs 2,30%e004¢ 4,992e003(FEEN)  PERCENT LOSSs-1,435000¢ 3,231°002(FEED)
[ MEASUREDICALCUIAYED! SESIDUAL] | MEASURER] [RESIDUAL FESOMATE [MEASURED JCALCULATEDIN [TH S—
11] ( 1] SS 13
_E__LPQ‘_ 0,08 | g.a1Y] Yi.a7 4&2_!1_ .a7 ,‘LS_J,L 1 h.i%]
0.48 0,17 0,638 68.02 0.66 0,56 1,001 0.49 -0.070
8.38 =0.23 0.5A% 68,904 8.43 1,84 20,128 _ 8.20 - T
0,20 0,59 0,343 80.92 0.3% 0,03 0,280 0.73 «9.293
1,48 1.1 0,354 90.8A FWY N 1,272 2.21 N
0.5~ 1,34 =0,79%8 93,06 0.49 0.70 0,207 0.89 -9.542
84 1.0t 3,22 22,212 128,84 .63 .88 «0,229 _ 1.1 =1.221) ___
149.61 7,29 4,30 2,907 149,681 1.17 0,97 0,200 149,61 4.13 0.930
130,84 1. 2,22 21,641 119,84 0,81 8, °n,043 119,84 _ 2418 R.24_ ] -0.00¢]

COEFFICIENT OF NETERMINATIONSSY,72PERCENT
PCEAT 3

T A [
COEPFICIENT OF nETERMINATIONS29,82PERCENT

FICIENT OF (INEAR_CORRELATION o 08173
COEFFICIENT OF DETERMINATION®86.02PERCEN
F

_ZLCALC) F(2.9PCENT) F(CALC)

8.459% 8.0727 8,4398 55,9914 2,9749 8.0727 2.9749 95,9914 14,0991 8.072? 14,0991 3.%9
— L __SIGNIFICANT LQNLFICANY
STANDARD ERAQR NF THE EQTIMATE a 1,603 STANDARN ERAOR OF THE ESTIMATE o 0,238 STANDARD ERROR OF TWE GSTIMATE = 0:719
1 TIQN -
T T [FeevRire 1 FEEDRaTE 2 - U L _
91 &Y T3 >4 PV 4 _ 71.87 1.49
68,02 3,3 68.02 0,50 1.91
46,94 1,38 YWY 2.30 1,92
80,92 3.2 ] 0.48 1.46
$0.88 3,324 A 0.44 _ 1,44 —_
95,06 3.2 (] 0.40 1.44
428 .84 3.4 4 8.51 _ 1.93} —_
149,61 3. 1 0.58 1.67
339 A4 oS TY 4 1248
RES{DVAY RESIDUAL
— a2 22 - PY| _22 =2 g 8 oy 2
veesssasse Ueceseevanssssen.toecsccesssscscscstoccnnes Oesesecacselosesaiolocecscensessscctosncncs
Tr . : r . y ! —
E PY 20 E 280 © £ . .
€ 1. . . . € 1. ¢, @ € 1. .
D X8 | — * e ——— - b . . -
R . . xR, . LI
[ S A - A _. —
T 2. . T2, . LD
E £ £ —
. . . . .
BRI —X . —- X .
13, . 1 3. . 13
-0 e e N R - £ _ - R
" . . n o, . 0 .
N + — —
4. . ., . [N
FLITING AN EXPOWENT]AL FUNCYION , YeAUX)EXPP) =
_ — _ __RACK 0SS SuOE LOSS _ CYLINOER LOSS B

PERCENT L0SSs 2,8992076(FEENRATE)EXP 2,750  PERCENT LOSS® 3,4499002(FEEDRATEIEXP 0,691

_PERCENT LOSSS 1.680-004(FEEDRATEIENP 1,936

FEEORATE | MEASURFOJCALFULATED[RESTNUAL FEEDRATE | NEASURER] CALCULATED]RES TDUAL [FEEDAATE | NEASURED]
LOSS 1.0S 19:11 8 9.1 41 10SS 1
_ T _0,% 7,34 3,394 I A YL B 1) 1 9.58 5,44 T1.67 0.76
0. 4¢ 0.3% 0.342 60,02 0.86 0.5 9.497] T [ 8.0z 0.49
_ 0.3% ] 0,32 | 0,005 ] es.04 | 0,43 0,5 *0,208( 0.
0,20 0.5V T <0.964 [ 0.9 .55 7.60 3,540 0.73
1,46 0,7¢ 0,604 90.88 0,95 0,69 2.21
0.5% 0.8Y 1] LI ) 0.4§ 0,87 V.
- 1,01 1,92 ©0,646 128.84 0,63 0,82 1.31
7,20 2,9 0,919 149,61 1,17 5,90 4.13
_ | 119,04 1,06 ] 1,5 ] 0,418 119,84 0,81 0,78 ] 2.1% o

COEFFIC]ENT OF LINEAR FORRELATION s 0,7875

COEFFICIENT OF LINEAR CORRELATION » 0,4848

COEFFICIENT g;rl.ll!ll CORRELATION o 6.837¢
Al

COEFFICIENT NETERMINATIONSAZ, 1.0 [ 23, .
FUCALC) F(2,3PCENTY  FeCALR) F(SPCENTY F(CALC) FL2,SPCENT) F(CALC) F(SPCENTY FLCALC) F(2,SPCENT) F(CALC) F(IPCENT)
11,4277 8.0727 11,4277 8.5914 2.1470 8,027 2,478 5.5914 16.3780 8.0727 16.3780 5914 o
SIGNIFICANY  SIANIFICANTY NOT SIGNIFICANT NOT SIGNIFICANT SIGNIFICANT SIGNIFICANT
STANDARD ERROR OF TWE ESTIMATE » 0,6 ANDARA B E AiTE & 0. T SYARDARD ERROR OF THE ESTIMATE o OT402
LIWIYS OF PREDTTTTON T -
[FEEORATE i e - 0 B o
- [ S W5 S 1,41 [ - - —
68,02 1,44 0.78
66,94 1,49 0.79 e
80,92 1,37 0.75
— . — .} 90,8 .} a.38 0.74 _ _ -
95,06 1,34 b.7¢
e a2e,04 11,48 8,79 - 128,84 —_
149,61 1,54 5,84 149,81
119,04 1.8 20,22 o ®
BES1DuAL L1 111118
___ g -3 [ o1 02 2 -1 [) o1 s
Beveoennsrerossccasnscnroacsononnssrensessces Davsavesacosesseiosecosessessonsnnafonssonse
—_—— s N . 2 .
. . . F .
. * e . 03 ® 4 0 o E .
. . . €1, * , [ ED
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. \LB . T a.
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. ' . . .
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. 13, . 173, .
. LI . B o,
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LINRAR PIT AND EXPONESTIAL PIT
12 Y
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- ue A3 Augats 3 MMGAY __SELXISK MIMDROM 3 ARCOLA  17-8=4 — —
FITTING A SIMPLE EXPONENTIAL PUNCYION , YoA(RIEXP(X)
___PEAC LOSSa ¢.97%52002( 1.02940800)EXP(FBEN ) PERC LOSSe J,418°043¢ 1,0020000)RXP(PEED )  PERC LOS§s 1,803°001( 1.82000001EXP(FEED )
_ [PeennatE [ meaSURED] caLCULATED [OESTOUAL 13 [MEASURER] CALCULATED] RESTDUAL FERDRATE | WEASURED CALCULATRD[RESIOVAL]
Lg_ss L0SS s ] LOSS N
_ I T L T 0.3 T.X47 SOV . N N PELT Yo | 0.8 [ . [ LR
60.02 0,48 0.3% 0.29 68.02 0,66 0,94 0,189 60,02 0.49 -0.323
. 0.3% 2.3 0.037 46,94 0,43 0,94 0,216 06.94 | _ g.78 | Q.3680
00.92 0,20 0,51 0,898 80.92 0,35 0,59 «0,332 80.92 0.73 <0.108
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RESULTS AND DISCUSSION

Best-Fit Models

Rack loss

Table 3 illustrates the results of comparing rack loss data
using the five proposed correlation models. The table summarizes
the results from nineteen comparisons in wheat, ten in barley,
thirteen in oats and twelve in rye.

In fields of constant grain/straw ratio, the exponential
model was the best fit if loss tests were conducted over a reasonably
large range of feedrates; if the runs were all conducted at the lower
end of the feedrate range, the linear model was the best fit.

Considering simple correlations (loss on feedrate), the
exponential model usually gave better fits than the simple exponential
model. In the three cases in which the simple exponential model
produced the best fit, it was only slightly better than the exponential
model.

In fields of varying grain yield and varying straw yield, the
multiplicative model produced the best fit, if the loss tests were
conducted over a reasonably large range of feedrates; otherwise,
the multiple linear model produced the best fit.

In barley, linear models gave very poor fits, in all cases.
This was due to straw break-up resulting in rack overloading at

low feedrates.
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Shoe loss

Table 4 illustrates the results of comparing shoe loss data,
using the five correlations models.

Although grain/straw variation influenced shoe loss, its
influence was not as great as in the case of rack loss. Exponential
models produced better fits than linear models only in those cases
having high shoe loads (much chaff and straw break-up). The fact
that linear models produced the best fit in oats, in twelve out of
thirteen cases, is explained by the low shoe load. (The chaff
consists mainly of glumes which offer little hindrance to

separation.)

Cylinder loss

The results of comparison of cylinder loss data, using the
five correlation models, is shown in Table 5. The exponential
model gave a better fit than the simple linear model only in hard-
to-thresh crops, when the range of feedrates obtained in the test
was large. When loss tests were conducted in easy-to-thresh
crops and all runs were at relatively low feedrates, the simple
linear model produced the best fit. The inclusion of grain/straw
variation significantly improved the fits in non-uniform fields.

The ease of removal of kernels from the heads and
"slugging' of the cylinder at low feedrates, explain why linear
models usually produced the best fit for cylinder loss data in oats

and rye.
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Dependence of Loss on Grain/Straw Variation

In all crops and all crop conditions (fifty-four machine-Crop
combinations) the sign of the simple correlation coefficient, ryxz ,
(loss regressed on grain/straw, disregarding variation in feedrate)
was negative, whenever there was any appreciable variation in
grain/straw ratio in the test field. Considering all combinations,
the sign was negative in 85% of the cases for rack loss, in 76%
of the cases for shoe loss and in 85% of the cases for cylinder loss.
In those cases in which ry_xz was positive, the variation in grain/
straw ratio was small and additional regression due to grain/straw
variation was insignificant. A decrease in grain/straw ratio should,
therefore, result in an increase in percent loss, at a constant
feedrate, if other crop variables are held constant.

Results of the multiple regression indicated that a decrease
in grain/straw ratio resulted in an increase in percent loss in all
cases in wheat and rye and in most cases in oats and barley. In
tl‘lree non-uniform fields of oats and in six non-uniform fields of
barley, however, increases in grain/straw ratio, resulted in
increases in loss. This may be explained as follows: In non-
uniform fields of oats and barley, high grain/straw ratio may be
associated with short brittle straw, whereas low grain straw ratio
may be associated with tall rank straw. Hence, in such fields,
grain/straw ratio may be a direct indication of straw break-up and
resultant separation load.

Inclusion of grain/straw variation significantly improved

rack loss fits in thirty-four cases (63%), significantly improved shoe
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loss fits in twenty-two cases (40%) and significantly improved
cylinder loss fits in twenty-five cases (46%). This indicates that
grain/straw variation should be considered in analyzing loss data.
Its affect can be neglected only in uniform fields (fields of constant

grain yield and constant straw yield).

Feedrate or Throughput as an Independent Variable

In fifty four machine-crop combinations data was analyzed
using both feedrate and throughput as the first independent variable.
(i.e., The first analysis considered loss = £, (feedrate, grain/straw)
while the second analysis considered loss = f, (throughput, grain/
straw).)

Comparison between the two methods of analysis revealed
the following:

1. For ideal fields (constant grain/straw ratio) both methods
resulted in equally good fits.

2. In fields o varying grain/straw ratio, the simple
correlation of loss on feedrate usually resulted in much better
fits than the simple correlation of loss on throughput. This was
true for rack loss, shoe loss and cylinder loss in all four crop
types. In other words, the regression of loss on feedrate accounted
for a greater percentage of the variation in loss than did the
regression of loss on throughput.

3. When variation due to grain/straw was introduced, the
multiple correlations, loss = f1 (feedrate, grain/straw) and
loss = f‘2 (throughput, grain/straw), both resulted in equally

good fits.
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Figures 17 to 20 represent output from the computer
program, using the same data as was used in Figures 13 to 16,
but with '"throughput' as an independent variable, rather than

1

""feedrate.'" Comparison of Figures 13 - 16 to Figures 17 - 20

illustrate the points listed above.

Comparing Tests Conducted in Different Years and Conditions

Loss surfaces

In an attempt to determine if important crop variables were
not accounted for in the above analysis, all of the loss data for
the standard combine was analyzed on the basis of crop type only.
For example, the loss data from seven different fields of hard
red spring wheat, collected over a four year period (fifty-nine
individual loss collections) was checked for goodness of fit using
the previous models. This analysis neglected any differences in
moisture content, straw conditions and variety. It also neglected
effects of climatic conditions on crop conditions.

The results of this analysis is as follows:

1. In wheat (seven crops, fifty nine collections) a reasonably
good fit was obtained using the multiplicative model. The residual
plots showed more scatter than in the case of analysis of individual
fields, and the multiple correlation coefficients were much lower.

The final regression equations for the standard combine, in

wheat, were:

1.502 -1.688

Rack loss = 4. 757x10-4 (feedrate) (grain/straw)

r (loss on feedrate) = . 7683
¥¥
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r (loss on grain/straw) = - . 7576
2
r (grain/straw on feedrate) = - . 5809
*2*1
R = .8582
C = 73.65%

Standard Error of Estimate = . 737

Shoe loss = 1. 019x10-1(feedrate)0' 320 (grain/straw)-1 - 734
r = .5600
¥
r = - ,7893
YX2
rx. =T . 5809
271
R = .7991
C = 63.86%

Standard Error of Estimate = .595

Cylinder loss = 1-1.‘39}(10-l (feedrate)o'370(grain/straw).l'345
r = .5278
¥
Tyx, = - .5826
r = - .5809
R = .7092
C = 50.30%

Standard Error of Estimate = .651

The loss surfaces, resulting from these three equations,
are shown in Figures 21 to 23. The reasonably good fit of the data
for rack loss and shoe loss may be explained as follows: The three
varieties of wheat (Thatcher, Canthatch and Selkirk) are quite
similar in straw characteristics. The grain moisture content was
nearly equal, ranging from 12% to 15%. Hence, it may be

concluded that yearly climatic variation had little effect on those
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LOSS (%) = 4.757x10~*(FR)*502(G/s) 88
.44< G[S< 2,06 10
46<FR<328

e m:w ‘50 v e e
FEEDRATE— LBS./ MIN.

RACK LOSS SURFACE FOR STANDARD COMBINE IN WHEAT
FIGURE 21

RACK LOSS —PERCENT
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LOSS(%) = 1.019x10~'(FR)*320(G/s) 734
- .44<G/5<2.06
46<FR<328

FEEDRATE— LBS./MIN.

SHOE LOSS SURFACE FOR STANDARD COMBINE IN WHEAT
FIGURE 22
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LOSS(%) =1.159 x 10~ (FR)%370(G/S) 345
44<G/5 <2.06
46 < FR<328

FEEDRATE — LBS./ MIN,

CYLINDER LOSS SURFACE FOR STANDARD COMBINE IN WHEAT
FIGURE 23

CYLINDER LOSS—%



59

characteristics of wheat straw influencing straw break-up. The
poorer fit for cylinder loss may be explained by the effect of
climatic conditions on ease of threshing. The 1963 crops were
extremely difficult-to-thresh due to a combination of rust and
hot, dry weather at the time of filling, whereas the other wheat
crops were relatively easy-to-thresh.

(2) In barley, oats and rye, fitting the loss data as above,
yielded poor results. This may be explained by a much greater
dependence of straw characteristics on variety, moisture content
and growing conditions than in the case of wheat.

In order for the above analysis to produce good fits more
crop variables would have to be considerec‘i. Probably the inclusion
of some variable describing straw strength (straw break-up) would
improve the rack loss and shoe loss fits, whereas some variable
describing ease of threshing (perhaps straw moisture content)

would improve the cylinder loss fits.

Comparison to characteristics of the standard combine

From the above results it is apparent that the use of a standard
combine is necessary in comparing the performance of combines
tested in different years and conditions, unless additional crop
variables are measured.

The following example illustrates how loss data from the
standard combine is used in making performance comparisons.

Figure 24 gives a comparison between the standard combine and

combine "A'", in barley, based on loss data collected in 1963,
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The best-fit regressions for rack loss are:

standard combine: RL = 1.478x10>(FR)"* 1% (a/s)! 178,
.87 < G/S< 1.10
combine "A": RL = 7, 136x10'“ (FR)4‘ 562((3/5)" 953,

.78 < G/S< 1.28
Basing both equations on a constant grain/straw ratio of

1.00, the equations become:

standard combine: RL = l.478x10-3(FR)1°714

combine "A": RL = 7.136x10"'! (FR)* 562

These equations, with 95% confidence belts & 2 x S. E. y)
are shown on Figure 24. At a loss of 3%, the capacity of combine
"A'" is 2.8 times the capacity of the standard combine.

Figure 25 compares rack loss for the standard combine

and machine '"B', in barley, based on loss data collected in 1961.

The best fit regressions are:

standard combine: RL = 7.712x10°0 (FR)>* %29 (G/s)~3- 10!,
1.25 < G/S < 2.48
combine "B RL = 2.060x10-15 (FR)®* 473 (q/5)% 992,

1.00 < G/S < 2.29
Basing the above equations on a constant grain/straw ratio

of 2.00, the equations become:

standard combine: RL = 8.6Ox10-6 (FR)

combine "B'": RL = 6.18x10‘16 (FR)6'473

3.229

These equations, with 95% confidence limits, are shown
on Figure 25. At a loss of 3%, the capacity of combine ""B'" is

2.0 times the capacity of the standard combine.
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Since Figures 24 and 25 are based on di:ferent grain/straw
ratios and since other unmeasured crop variables may have influenced
the results, direct comparison cannot be made between machines
"A" and '""B'"'. The capacity ratios can, however, be compared to
give an estimate. Using the 3% loss comparison ratios from above,
the capacity of "A'" compared to '""B'"' may be estimated as
2.8/2.0 = 1. 4.

* Note: Significant digits in previous regression equations
(pages 54, 55 and 60) are retained for purposes of calculation.

They are not intended to denote the accuracy of measurements in

the experiments.



CONCLUSIONS

1. The multiplicative model, percent loss = a (feedrate)b
(grain/straw)c, provides a good fit for rack loss, shoe loss

and cylinder loss data collected in non-uniform fields of varying
grain yield and varying straw yield.

2. The exponential model, percent loss = a (feedrate)b,
provides a good fit for rack loss, shoe loss and cylinder loss

data collected in uniform fields of constant grain/straw ratio.

3. If loss tests are conducted over only a small range of
feedrates, a multiple linear model, percent loss = a + b (feedrate)
+ ¢ (grain/straw), may provide the best fit in non-uniform fields
and a simple linear model, percent loss = a + b (feedrate), may
provide the best fit in uniform fields.

4. The correlation between percent loss and grain/straw ratio
is negative for rack loss, shoe loss and cylinder loss in wheat,
oats, barley and rye.

5. The computer program was successful in fitting loss data
and comparing models. A computer program for fitting loss data
must compare the four models listed above, to obtain the best fit
for the conditions involved.

6. The use of feedrate as an independent variable usually
gives a better simple fit (neglecting grain/straw variation) than
the use of throughput as an independent variable. When grain/straw
variation is considered, both parameters give equally good fits.
7. A standard machine is necessary in comparing loss data

collected in different years and crop conditions, unless some
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measurement is made of straw ""break-up'' ind 'eise-o1'
threshing'. Best-fit regression equations can be used to allow
comparison, between the standard combine and test machines,
at a fixed grain/straw ratio and at a selected loss level.

8) In most instances, rack loss was the major component
of total machine loss. This suggests that further study should
be conducted on the factors affecting rack loss. A theoretical
analysis of grain separation on an oscillating rack would be

of great value.
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APPENDIX I

Fortran Digital Computer Program for Combine Loss Analysis
(M.S.U., CDC 3600 Computer)

PROGRAM LOSSCALC

DIMENSION NRUN(C10) sWIDTH(10) +DISTANCE(10)sTIME(10) s STRAWAL(10)
1 CHAFFAL (10) sGRAINH(10) +RACKL(10) +SHOEL(10) +DRUML(10)+5PEC(10)

DIMENSION SAC(10)+GRAIN(10)FEEDR(10)sPLR(10)+sPLS(10)

1 PLC(10)+SPEED(10) sAPH(10)+GS(10)sPGPRA(10) +GR(5444543)

DIMENSION PLRC(10)+PLSC(10)+PLCC(10)+RER(10)sRES(10)sREC(10)
IRLN(C10)+SLN(1IO)sCLN(10)sFLN(10)+APR(10)+APS(10)+APC(10)

COMMON NRUNsWIDTHJOISTANCL o TIMEe ¢ STRAWAL s CHAFFAL ¢ GRAIINH ¢ RACKL o
1SHOEL +DRUML ¢ SPEC ¢ SACIGRAINGFECURIPLRIPLSsPLC Yy SPECUsAPH G sPGPA
2GR+ JM

COMMON PLRCPLSCyPLCCIRERIRES+REC 1RLNeSLNsCLNsFLNsAPRYAPS ARPC
INPUT DATA

WIDTH - WIDTH OF CUT (FEET)

DISTANCE - LENGTH OF RUN (FEET)

TIME - LENGTH OF RUN (MINUTES)

STRAWAL - RACK EFFLUENTsSTRAW PLUS LUOSS (POUNDS)
CHAFFAL - SHOE EFFLUENTsCHAFF PLUS LOSS (PUOUNDS)
GRAINH = GRAIN COLLECTED IN HUPPER (PUUNDS)
RACKL = RACK LUSS (POUNDS)

SHOEL =~ SHOE LOUSS (POUNDS)

DRUML = CYLINDER LOSS (POUNDS)

SPEC = MACHINE ANDL CROP SPECIFICATIONS

11 DO 10 J=1.410

READ 20 +NRUN(J) sWIDTH(J) +sDISTANCE(J) W TIME(J) + STRAWAL (J) s

1 CHAFFAL (J) +GRAINH(J) s RACKL (J) s SHUEL (J) +DRUML (J)
20 FORMAT (12+9F6e2)
10 CONTINUE
READ 40+ (SPEC(I)sl=1410)
40 FORMAT (4A6+,0A8)
PRINT 50
50 FORMAT (*1¥5X+s9H MACHINE +9H MOl + OH TEST 'OH SERIEDS .
1 94 CROP 's9H VARIETY +9H WINDROW +9H STRAW sy YHLUCATIUN o
2 9H DATE /724X +9H NUMDEK 27X e9HOR STAND /)
PRINT 524+ (SPEC(N)«sN=1+410)
52 FORMAT (6Xs10CA9Q////)

PRINT 54
54 FORMAT (6X.9H RUN '9H  WIDTH '9H DISTANCEs9H TIME .
SH STRAW +9H CHAFF 19H  GRAIN +9H RACK +9H SHOE ’
OHCYLINDER ¢/42XsGHAND LOSS +9HAND LOSS +9HCOLLECTEDL
9H LOSS '9H LOSS +9H LOSS v/ 15Xe9H (FEET) '9H (FEeT)
SGHI(MINUTES ) s 9H(POUNDS) +9H(POUNDS) +9H(POUNDS) +9H(POUNDS)
G9H(POUNDS) s9H(POUNDLS) +7)
PRINT 569 (NRUN(J) sWIDTH(J) sDISTANCE (J) o TIME(J) o STRAWAL (J)

1 CHAFFAL(J) +sGRAINH(J) s RACKL (V) s SHUEL(J) sDRUML(J)sJI=1410)
56 FORMAT (9X e 12 41X s9(3XesF6Ee2))

CALL CALCULAT

CALL GRAPH

e -

CALL FIT
GO TO 11
END

68



O0O000O000O00

69

SUBROUTINE CALGULAT :

DIMENSION NRUN(10) +WIDTH(10) sDISTANCE(10) s TIME(10) s STRAWAL(10) »
1 CHAFFAL(10) +sGRAINH(10) sRACKL(10)+S5HCEL(10)+sDRUML(10)+5PEC(10)
DIMENSION SAC(10)+GRAINC(10)+FEEDR(10)+PLR(10)sPLS(10)

1 PLC(10)+SPEED(10)+APH(10)sGS(10)sPGPA(10) +GR(54+454+3)
DIMENSION PLRC(10)sPLSC(10)+sPLCC(10)sRER(10)RES(10)sREC(10)
JIRLN(C10)9sSLNC10)sCLN(10) +sFLN(10)sAPR(10)+APS(10)+APC(10)

COMMON NRUNWIDTHsDISTANCE «TIME s STRAWAL +CHAFF AL ¢ GRAINH ¢ RACKL »

1 SHOEL s DRUML ¢+ SPEC « SACsGRAINIFEEDRIPLRIPLS1PLC s SPEEV sAPHsGS s PGRA

2GR+ UM

COMMON PLRCsPLSCIPLCCIRERIRES s RECIRLNISLNICLNsFLNIAPRIAP S APC

JM=0

DO 144J=1410

IF(NRUN(J) eGTe0) JIM=UM+1
14 CONTINUE

DO 15 sJ=14UM

SAC(J)=STRAWAL (J)-RACKL (J)+CHAFFAL (J)-SHOEL (J)=-DRUNML (J)

GRAIN(J)=GRAINH(J)+RACKL (J)+SHOEL (J) +URUML (J)
FEEDR (J)=SAC(JU)/TIME(J)

PLR(J)=(RACKL (J)/GRAIN(J))*¥100.00
PLS(JV)=(SHOEL(J)/GRAIN(J))*10000
PLC(J)=(DRUML (J)/GRAIN(J))*¥10000
SPEED(J)=(DISTANCE(J)*¥60.00)/(5280eCO*TIME(J))

APH(J)=(DISTANCE(J)*¥WIDTH(J)*¥6000)/(43560,00%*TIME(J))

GS(J) = GRAIN(J)I/SAC(Y)

PGPA (J)=(GRAIN(J)¥43560¢00)/ (DISTANCE(J)*WIDTH(J))

15 CONTINUE
SAC - STRAW PLUS CHAFF = POUNDS
GRAIN - TOTAL GRAIN - POUNDS

FEEDR - FEEDRATE - POUNDS PER MINUTE UF STRAW AND CHAFF

PLR - RACK LOSS - PERCENT

PLS - SHOE LOSS - PERCENT

PLC = CYLINDER LOSS - PERCENT

SPEED = GROUND SPEEDL = MILES PR HOUR

APH - WORK RATE - ACRES PER HOUR

GS - GRAIN TO STRAW RATIO

PGPA - GRAIN YIlcLL = POUNDLS PckR ACRc
PRINT 25

25 FORMAT (%¥23#46X+s5H RUNs12H STRAW AND9H TOTALs12H FEEDRATC»

19H RACK+11H SHOE o 1 3H CYLINDERs11H

SPEED

213H WORK RATE ¢9H GRAINy 15H GRAIN/STRAWs /17X s 5HCHAFF »
311H GRAINS 17X s 4HLOSS s 7X s 4HLOSS s 7X s 4HLOSS v 30X +SHYIELD 66X
4SHRATIOW/16X+6H(LBSe) 16X +6H(LBSe ) s 13H (LBSe/MINe)s 10H (PERCENT) »

S11H (PERCENT) s 11H (PERCENT ) » 13H (MILE/HOUR ) ¢ 1 2H

612H (LBSe/ACRE) /)

(ACRE/HOUR ) o

PRINT 359 (NRUN(J) ¢sSAC(J) +sGRAIN(J) +sFELEDR(J) s PLR(J) sPLS(J) sPLC(JU)

1 SPEED(J) sAPH(J) +PGPA(J) 1GS(J) v d=1eIM)

35 FORMAT(9X s 1297 (3X1FBe2) 14X sFEe215XsFBe211XsF8e2)
RETURN
END
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SUBROUTINE GRAPH
C - GRAPHING PERCENT LOSSES VO FouwurATw
DIMENSION NRUN(C1O) sWIDTH{ 10 sUITSTANCL (JO) o TIMECL1O0) o STRAWAL(10) o
1 CHAFFAL(10) sGRAINH(10) o RACKL (10) 2 oHOEL(10) +DRUML(10)+5PEC(10)
DIMENSION SAC(10)+GRAIN(10) +FEEDR(10) sPLKR(1G) PLS(10)
1 PLC(10)sSPEED(10) +sAPH(10)+GS(10)+PGPRA(10) +GR(54¢4543)
DIMENSION PLRC(10)sPLSC(10)sPLCC(10)RER(IO)IRES(10)sREC(10)
IRLN(10)+SLN(10)sCLN(10)sFLN(10)sAPR(10)+APS(10)+APC(10)
COMMON NRUNWIDTH DISTANCE o TIME ¢ STRAWAL s CHAFF AL s GRATINH s RACKL 9
1SHOEL +DRUML ¢ SPEC s SAC e GRAINIFLEUR sPLRIPLS «PLC o SPEEDL «APHIGS PGP A
2GR+JM
COMMON PLRCsPLSC ¢+PLLCC iKUK IRKES skEC aRUNISLNICLNIFLNIAPRAPSsAPC
REAL GRoNosL oMo ] o« NI oNUL
INTEGER Y X
DATA (BLANK=1H )+ (DOT=1He) s (PLOUT=1h%#*) s (PLUS=1H+)
DATA (P=]1HP) s (E=1HE) s (R=1HR) s (C=1HC) s (N=1HN) o (T=1HT) s (L=1HL ) »
1(0=1HO) ¢+ (S=1HS) s (F=1HF) ¢ (D=1HD) s (A=1HA) 9 (B=1HOG) ¢ (M= 1HM) o (I=1HI )
2(SLASH=1H/) s (PARENR=1H) ) ¢ (PARENL=1H()
DATA (EN=1H1) ¢ (TO=1H2) s (TRE=1H3) s (FIR=1HG) s (FEM=1HS) ¢+ (SEX=1H6) »
1(SIV=1H7)+(0OT=1H8) o (INI=1HY) ¢« (NUL=1HO)
PRINT 204+ (SPEC(NK) +NK=14+10)
20 FORMAT (*1%¥6Xs10AG///)
PRINT 25
25 FORMAT (19X +GHRACK LCOSS 135X s YhoHUE LUDS 139X e 13HCYLINUER LUSS/)
C - FILL GR WITH BLANK
DO 30 K=1,+3
DO 30 J=145
DO 30 12=14+54
30 GR(12+JeK)=BLANK
C — PLACING HEADINGS AND AXES IN GR
DO 35 K=1+3
GR(274+14K)=P
GR(284+1¢K)=E
GR(29414+K) =R
GR(30+1¢K)=C
GR(31s1sK)=E
GR(32419sK)=N
GR(3341¢K)=T
GR(35s1eK) =L
GR(36414K)=0
GR(374+14K)=5
GR(38+14K) =5
35 CONTINUE
DO 37 K=1,43
DO 36 12=c+10.42
36 GR(IZ2+3sK)=TO
37 CONTINUE
DO 38 K=1+3
DO 33 12=1c+90sc
33 GR(12+3¢K)=EN
38 CONTINUE
DO 39 K=13
GR(2+4+K)=F IR
GR(444.K)=TRE
GR(6¢44K)=TO
GR(8+4+K)=EN



39

40
41

42
43

71

GR(10s4+K)=NUL
GR(124¢44+K)=NI
GR(14444K)=0T
GR(16+4¢K)=S51V
GR(18+¢4+K)=5EX
GR(204+4+K)=FEM
GR(22+4+K)=FIR
GR(244+44+K)=TRE
GR (2644 4+K)=TO
GR (284 ¢K)=EN
GR (3044 +K)=NUL
GR(32+4+K)=NI
GR(34444+K)=0T
GR(36+4+K)=S1V
GR(38+44+K)=5SEX
GR(404+4+K)=FEM
GR (4244 +K)=FIR
GR(44 44 4K)=TRE
GR(4644+K)=TO
GR (4844 +sK)=EN
GR(50+4 +K)=NUL
CONT INUE

DO 41 K=143

DO 40 12=1,450
GR(12¢6¢K)=DUT
CONT INUE

DO 43 K=143

DO 42 JU=7+45
GR(50¢JsK)=DUT
CONT I NuE

DO 45 K=143
GR(52+64K)=NUL
GR(524154K) =N
GR(524+16+K) =NUL
GR (52417 K)=NUL
GR(52425+.K)=TO
GR (5226 +K)=NUL
GR (52427 +K)=NUL
GR(524+35,K)=TRE
GR (52 +36+K) =NUL
GR(52¢37+K)=Null
GR (54414 ,4K)=F
GR(544154K) =L
GR(544164+K) =L
GR(54417sK) =D
GR(54+184K) =R
GR(54+194sK)=A
GR(544+204K) =T
GR(544+214+K) =k
GR(54 423 +K)=PARENL
GR (54 +24+K) =L
GR (54 +¢25¢K) =01
GR(54426+K) =3
GR (54427 +K)=LOT
GR (54 +28+K)=5LASH
GR(54 479 4K) =



45

72

GR (54 +30+sK) =1

GR (54 431 4<K) =N

GR (D4 432K )=00T

GR (54 4334+K) =PARENR
CONT I NUE

C - ENTERING PLOT IN RACK GR

70

71

72

73

74

75
20

DO S0 J=14+JIM

KP=0

KF=0

Y=PLR(J)/0e5

IF (PLR(J)Z70e5=0e5eGTaY) Y=Y+1
11=50-Y

IF(ITelLTel) GO TO 70

GO TO 71

I1=1

KP = 1

X=FEEDR(J)/1040

IF (FEEDR(J) eGT eX¥10+52) X=X+1
MN=X+6

IF(MNeGTe45) GO TO 72

GO TO 73

MN=45

KF =1

IF(KPeEQel e UReKF eEWel) GO TO 74
GO TO 75

GR(II sMNs 1) =PLUS

GO TO 50

GR(II +MNs1)=PLOT

CONTINUE

C - ENTERING PLUOT IN SHOE GR

30

- 81

82

83

84

&5
51

DO 51 J=1+JM

KP=0

KF=0

Y=PLS(J)/0e5
IF(PLS(J)/CeD=UeZTeGTeY) Y=Y+ ]
11=50-Y

IF(IleLTel) GO TO 40O

GO TO &1

11=1

KP=1

X=FELELR(J)/710e0

IF(FEEDR(J) e GCT e X#*#]10+5) XX+ 1
MN=X+6

IF(MNeGTe45) GC TO 8&&

GO TO 83

MN=45

KF=1

IF(KPeEQel e OReKF eEQel) GO TU o4
GO TO 85

GR(ITs+MNs2) = PLUS
GO TO 51
GR(ITsMNsc) = PLUT
CONT INUE

C - ENTERING PLOT IN CYLINuvz~ G

DO 52 J=1+IM
KP=0



90

91

g2

93

94

95
bz

60
65

73

KF=0

Y=PLC(J)/0e5
IF(PLC(J)/70e2=0e5eGTeY) Y=Y+1
11=50-Y

IF(ITeLTel) GO TO 90

GO TO 91

11=1

KP=1

X=FEEDR(J)/1040

IF(FEEDR(J) e GT e X*¥10+D5) X=X+1
MN=X+6

IF(MNeGTe45) GO TO 92

GO TO 93

MN=45

KF=1

IF(KPeEQel e OReKF aEGel) GU TU 94
GO TO 95
GR(IT +MN4s3)
GO TO 52
GR(I1+MN4+3)
CONT INUE
DO 65 [IN=1,4,54

PRINT 60+ (GR(INesJs1)9J=1945) 9 (GRIINsJI2)sJd=144D)

PLUS

PLOT

1(GR(INsJs3)sJ=1445)

FORMAT (1H +45A1+45A1445A1)
CONT INUE

RETURN

END
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SUBROUTINE FIT

DIMENSION NRUN(CLIO) sWIDTH(10) s ISTANCE(10) o TIME(10) s STRAWAL(10) »
1 CHAFFAL (10) ¢+GRAINH(10) +RACKL(10) ¢OHOELCT1O) sORUML(10) +SPEC(10)

DIMENSION SAC(10)sGRAINC(]10)+FEEDR(10)sPLR(10)sPLS(10)

1 PLC(10)+SPEED(10) sAPH(10)eGS(10)+PGPA(10) +GR(54+4543)

DIMENSION FTAZ(10+2)+TTAB(10)+eKSIG(4)sPLRC(10)sPLSC(10) +PLCC(10)
IRER(10)sRES(10)+yREC(10) sRLN(10)+SLN(10)sCLN(10)+sFLN(10)9sAPR(10)
2APS(10)+APC(10)

DIMENSION GRR(19:4543)

DIMENSION GLN(10)+¢G11(10)+G12(10)+RERI(10V)+yRERZ2(10)IRES1(10)
I1RES2(10)+sREC1(10)REC2(10)

COMMON NRUNsWIDTHsDISTANCE o TIME o STRAWAL « CHAFF AL s GRATINH ¢ RACKL o
1SHOEL +DRUML s SPEC s SACIGRAINIFEEDR «PLRIPLL sPLC o SPEEVsAPHIGSsPGRPA
2GR+ IM

COMMON PLRCsPLSCsPLCCIRERIKES s+ RECsRLNISLINICLINIFLNsAPRIAPSAPC

REAL GRRs I sL sNUL

SIMPLE CORRELATION

GRAIN/STRAW VARIATION NEGLECTED

STORING F-DISTRIBUTION TABLE

FIRST COLUMN OF FTAB STORES SPERCENT F(UPPER CUT OFF PRPOINT)
SECOND COLUMN OF FTAB STORES Z2eé9PeRCENT F (UPPER CUT OFF POINT)
DEGREES OF FREEVOM IN NUMERATUR = |

DEGREES OF FREELOM IN DENOMINATUK = ARRAY RUW

DATA(FTAB=16] ¢404118e90134310el20¢7e¢703010e60075900e0074 4265914
1 56317740011 7444e6904604647e¢79338e0009]1 7e44341cec18410e00713e8131
2 Be072707e570947e2093+6e93607)

DATA(KSIG=8HSIGNIF ICs7HANT yBHNOT SIGNs7HIFICANT)

STORING SPERCENT T-DISTRIBUTIUN TASLLE
DEGREES OF FREELOM = ARRAY ROW
" DATA(TTAB = ©e314424Y9201Ce3031C 013 12e01501 6945341 0839041 660

1 1¢83341e812)

DATA (BLANK=1H )+ (DOT=1He) s (PLOT=1H#®) s (PLUS=1H+)» (DA=1H=) s (X=1HX)
1(R=1HR) o (E=1HC ) s (S=1HS) o (I=1HI ) s (L=1HD) v (U=1HU ) o (A=1HA) s (L=1HL) »
2(F=1HF )+ (T=1HT ) s (EN=1H1) s (TO=1H2) + ( TRE=IH3) s (FIR=1H4) y» (NUL=1HQ)

LR = O

NOE=0

200 LR LR+1

JM=0
D084 J=1410
IFINRUN(J) «GTo0) JM=um+|
8 CON'ttNUE
EE&JM
DO9sJ=1sUM
IF(PLR(J) eEQe0O) PLR(J)=0.01
IF(PLS(J) eEQe0) PLS(JU)=0.01
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IF(PLC(J)eEGeQ) PLC(J)=0.01
CONT INVE

C REGRESSING LOSSES ON FEEDRATE

150

10

151

lel

152

162
160

IF(LR=2) 150+1514+152

DO 10sJ=1+UM

YR=YR+PLR (J)

YRL=YR

YR2=YR2+PLR(J) *#2
YS=YS+PLS (J)

YSL=YS

YS2=YS2+PLS(J) ¥*¥2
YC=YC+PLC(J)

yCL=YC

YC2=YC2+PLC(J) **2
XIYR=XIYR+PLR(J)*FEEDR(J)
X1YS=XIYS+PLS(J) #¥FEEDR(J)
XIYC=XIYC+PLC(JU)*¥FEEDR(J)
XI=XI+FEEDR(J)
X12=XI2+FCEDR(J) #%*2

GO TO 160

DO161+JU=1+JM
RLN(J) =LOGF (PLR(VJ))
SLN(J)=LOGF (PLS(J))
CLN(J)=LOGF (PLC(JU))
FLN(J)=LOGF (FEEDR(J))
YR=YR+RLN(J)

YRE=YR

YR2=YR2+RLN(J) *¥%*2
YS=YS+SLN(J)

YSE=YS

YS2=YS2+SLN(J) *¥2
YC=YC+CLN(J)

YCE=YC

YC2=YC2+CLN(J) *#2
XIYR=XIYR+RLN(J)#FLN(J)
XIYS=XIYS+SLN(J)*#FLN(J)
XIYC=XIYC+CLN(J)*FLN(J)
XI=XI+FLN(J)
XI12=XI2+FLN(J) *%*2

GO TO 160

DO 162¢J=14UM
YR=YR+RLN(J)
YR2=YR2+RLN(J) ¥ %2
YS=YS+SLN(J)
YS2=YS2+SLN(J) *¥*2
YC=YC+CLN(J)
YC2=YC2+CLN(J) *#2
XIYR=XIYR+RLN(J) ¥FEEDR(J)
XIYS=XIYS+SLN(J) ¥FEEDR (J)
XIYC=XIYC+CLN(J) ¥FEEDR (J)
XI=XI+FEEDR (J)
X12=XI2+FEEDR(J) ¥*2
SXe=X12-(XI*¥¥2)/tE
SYR2=YR2- (YR*¥2) /EE
SYS2=YS2-(YS¥%2) /EE
SYC2=YCa2-(YC¥*¥*2) /EE

75
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SXYR=X]IYR—(XI*Yr)/L
SXYS=XIYS—(XI#YS) tE
SXYC=X]YC~(Xi*¥Y(C)/tE
IF(LR=2)950¢9YD1] ¢+ 90Z

950 SYR2L=SYRZ
SYS2L=SYSsSe
SYCaL=syce
GO TO 952

951 SYRZ2E=SYRZ
SYS2E=S8YS2
SYC2E=SYC2

COMPUTING THE CURRELATION COEFFICIENT R

952 RR2=(SXYR *¥c)/(SX2%¥SYRZ)
CR=RR2%¥100.0
IF(SXYReLTe0)900+901

900 RR=-1e¢0#SURT (RR&)

GO TO 902

901 RR=SQRT(RRZ2)

902 RS2=(SXYS *#2)/(SX2%¥5Y5<)
CS=RS2*%100.0
IF(SXYSeLTe0)3I034904

903 RS==-10%¥SQRT(RS2)

GO TO 905
904 RS=SQRT(RSZ2)
905 IF(SXYCeEWe0D) 136141362
1361 RC2=0¢0
RC=0e0
CC=0¢0
GO TO 908
1362 RC2=(SXYC *%2)/(SX2*5YCL)
CC=RCZ2¥10040
IF(SXYCelTe0)906+907
906 RC==1e0*¥SURT(RCZ)
GO TO 908

907 RC=SART(RCZ)

COMPUTING THE SLOPE «3

G508 BR=SXYR /5X2
BS=SXYS /5X2
BC=SXYC /5X2
IF(LR=2)960+svY01 1962

960 RRZ2L=RR2
RRL=RR
RSZ2L =RSZ2
RSL=RS
RC2L=RC2
RCL=RC
GO TO 962

961 RR2E=RRZ2
RRE=RR
RS2E=RS2
RSE=RS
RC2E=RC2
RCE=RC

COMPUTING THE Y-INTERCEPT.A

962 XB=XI1/EE

YBR=YR/EE



C

920

921

ANO

SSR

SSD
922

MEA

CcOoMm

1363

1364
CHE

1365
S0

91
92
93

94
95
96

o7
98
99

100

17

YBS=YS/EE

YBC=YC/EE
AR=YBR~-BR*XB
AS=YBS~BS*XB
AC=YBC-BC*XB
IF(LR—-2)9204+9214+922
AR10=AR
AS10=AS
ACl10=AC
BR10=BR
BS10=8S
BCl10=8C
GO TO 922
AR20=AR
AS20=AS
AC20=AC
BR20=BR
BS20=8S
BC20=8C
VA

= SUM OF SQUARES+REGRESSICN
R = SUM OF SWQUARESDEVIATION FROM ReGRESSION
SSRR=RR2*SYRZ
SSRS=RS2¥5SYSs2
SSRC=RC2¥%SYC2
SSDRR=(1e0-RR2)*SYR2
SSDRS=(1.0-RS2)*¥s5YS2
SSDRC=(1.0-RC2)*5YC2
N SQUARE
DMSR=SSDRR/(EE-2.0)
DMSS=SSDPRS/(EE-240)
DMSC=SSDRC/ (EE=-2.0)
PUTING F (ONE TAILED F TEST)
FR=SSRR/DMSR
FS=SSRS/DMssS

IF(SSRCeEQe0) 136341364
FC=0.0
GO TO 1365
FC=SSRC/DMSC
CK FOR SIGNIFICANCE
IF(FReGTFTAB((JM=2)42))904¢91
MR2=1
GO TO 92
MR2=3
IF(FReGT«FTAS((JIM=2)41)193¢94
MRS=1
GO TO 95
MR5=3
IF(FSeGT«FTAB((JIM=2)42))156497
MsS2=1
GO TO 98
Ms2=3
IF(FSeGTeFTAS((JM=2)41)13994100
MSS=1
GO TO 101
M&55=3



101
102

103
104
105

106
107
110
111

1C8
20

22
32

23
33

40
41

51
61

52
62

53
63

70
71

73

IF(FCeGTeFTAB((IM=2) 421202« 103
MC2=1

GO TO 104

MC2=3
IF(FCeGTeFTAS((JIM=2)41))10D+106
MCS=1

GO TO 107

MC5=3

IF(LR-2)110+s1110112

GO TO 108

AR1=EXP (AR)

AS1=EXP(AS)

AC1=EXP(AC)

GO TO 108

ARZ=EXP (AR)

AS2=EXP(AS)

AC2=EXP (AC)

BR2=EXP (BR)

BS2=EXP(bS)

BC2=EXP(BC)

PRINT 204+ (SPEC(NK) +NK=14+1C)

FORMAT (*13#15X4+10A9/)

IF(LR=-2)21+22+23

PRINT31

FORMAT (S1X«34HFITTING A LINEAR FUNCTICN o+ Y=A+BX/)

GO T040

PRINT 32

FORMAT (45X +46HFITTING AN EXPONENTIAL FUNCTION » Y=A(X)EXP(B)/)
GO TO 40

PRINT 33

FORMAT (43X «S2HFITTING A STwPLE EXRPUONeNTIAL FUNCTION o Y=ZA(3)XP(X)
1/)

PRINT 41

FORMAT (19X +OHRACK LO=ZS s ZuX e GHink0r LUSS«3UXy 1 30C0YLINuER LOSL /)
IF(LR=2)51 452,53

PRINT 614 (ARIBRIAS«BS+ACBC)

FORMAT (1 X+ I BHPERCENT LOSE=3L 10639 1H+4aE1Ce3+O6HFEED) ¢35X,

11 3HPERCENT LOSS=9E10e391H+95 1063 96HIFEED) +5Xs
213HPERCENT LOSS=4E10e2y 1+« 10e39EHIYELED) /)

GO TO 70
PRINT 624 (AR19BRIAST+BS+AT1 «2C)
FORMAT (1 X s 1 BHPERCENT LOoS=eb 10630 13H(FECURATE)IEXP sFC o3y

13X+ 13HPERCENT LOSS=s2Ei0e 2o I 3HFEEUKATZIEXF sFEeln
23X 1 3HPERCENT LOSS=4E10eRe I13HIFELURATE ) EXPsFoel/)

GO TO 70
PRINT 63+ (ARZ1BR2s A2 B2+ £C2412C2)
FORMAT (1X s 10HPERC LOSS=9¢E10e3¢1H(+E10e39s11HIEXP(FEED )

13Xs 10HPERC LOSS=2E10e39 1+ 4E10e3¢11HIEXP(FEED )y
23X e 10HPERC LOSS=3E10e2s 1+ (L1029 1IHIEXPIFEED ) /)

PRINT 71
FORMAT (1 X +39H FoLbEDRATLE M ASURED CALCULATED RESIDUAL +6X
139H FEELRATE MEASURED T 2ILCULATED RLSTOUAL « 66X

239H FEEDRATE MEASURED CALCULATED RESTIDUAL o /14X ¢ 4HLUSS ¢OX e d4HL.UnS e
331X e 4HLOSS 66X s 4HLOSS e 31X 44 CSSeEX W 4HLOSS

IF(LR=2)734744+75
DO 76+J=1¢IM
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PLRC(J)=AR+BR*FLEDR(J)
PLSC(J)=AS+BOS*¥FEEDR(J)
76 PLCC(JU)=AC+BC*FEEDR(J)
GO TO 120
74 DO 77+sJ=1¢IM
PLRC(J)=ARI*((FEEDR(J) ) *¥*bkR)
PLSC(J)=AS1*((FEEDR(J) ) ¥¥BS)
77 PLCC(J)=ACI1*((FEEDR(J))**BC)
GO TO 120
75 DO 784J=1+IM
PLRC(J)=AR2* (BR2*¥*¥FEEDR (J))
PLSC(J)=AS2* (BS2*#FEEDR(J))
78 PLCC(J)=ACZ2*(BC2*¥*¥FEEDR(J))
RER = RESIDUAL+Y-POINT MINUS Y-LINE + RACK LOSS
RES -~ RESIDUAL +Y=POINT MINUS Y-LINE + SHOE LOSS
REC = RESIDUALsY-=POINT MINUS Y-LINE o+ CYLINDER LOSS
120 IF(LR-2) 701+¢7024+703
701 DO 4444J=1IM
RER(J)=PLR(J)-PLRC(J)
RES(J)=PLS(J)-PLSC(J)
REC(J)=PLC(J)=PLCC(J)
RER1 (J)=RER(J)
RES1 (J)=RES(J)
444 REC1(J)=REC(J)
GO TO 704
702 DO 705e¢Jd=14IM
RER(J)=RLN(J)=(AR+BR¥FLN(J))
RES(J)=SLN(J)=(AS+BSH*FLN(J))
REC(J)=CLN(J)=(AC+BC*FLN(J))
RER2(J)=RER (J)
RES2(J)=RES(J)
705 REC2(J)=REC(J)
GO TO 704
703 DO 706+J=14IM
RER(J)=RLN(J)=(AR+BR*FEEDR(J))
RES(J)=SLN(J)=(AS+BS*¥FEEDR(J))
706 REC(J)=CLN(J)=(AC+UCHFELEDLR(IY))
C FINDING STANDARD ERROR GF ThHu ESTIMATE
704 RERQ=0
RESQ=0
RECG=0
DO 707 J=1.JM
RERQ=RERQ+RER (J) ¥*2
RESQ=RESQ+RES (J) *#2
707 RECQ=RECQ+REC (J)**2
SER2=RERQ/ (EE-2+0)
SES2=RESQ/ (EE=-2.0)
SEC2=RECQ/ (EE-2+0)
SER=SQRT ( SER<)
SES=SQRT (SESZ)
IF(SEC2EQeQ) 137041371
1370 SEC=0.0
GO TO 4000
1371 SEC=SQRT(SECEZ)
C PLACING HEADINGS AND AXES IN GRR
4000 DO 402 K=143

OO0



C

402

400

401

403

404

405

DO 402 J=1445
DO 402 I1=1.1
GRR(IIsJsK) =8
DO 400 K=143

DO 400 J=4445
GRR(3+JsK)=D0O
DO 401 K=14+3

DO 401 11=4,1

9
LANK

T

9

GRR(I I +44,K)=00OT

GRR(II+254K) =
DO 403 K=1,3
GRR (1421 +K)=R
GRR(1+22+K)=E
GRR(1+234K)=S
GRR(1 424 +K)=1
GRR(1+25+K)=D
GRR(14264+K)=U
GRR(1+¢27+K)=A
GRR(14+28+K) =L
DO 404 K=1,3
GRR (244 +K)=DA
GRR(2+¢54+K)=TO
GRR (2414 4+K)=D
GRR(24+154+K)=E
GRR(2+254+K) =N

DbOoT

A
N

UL

GRR (2434 ,+K)=PLUS

GRR(2+354K) =E

N

GRR (2444 +K)=PLUS

GRR(2+45.K)=T
DO 405 K=143
GRR(3+3¢K)=NU
GRR(7¢3+K)=EN
GRR(11434K)=T
GRR(1943+K)=T
GRR(19¢34K)=F
DO 406 K=1,3
GRR (541 4¢K)=F
GRR (641 4K)=E
GRR(74+1K)=E
GRR(84+14K)=D
GRR (941 +K) =R
GRR (1041 sK)=A
GRR(11414K)=T
GRR(12+1¢K) =t
GRR (14,41 4+K)=X
GRR (1541 4K) =t
GRR (1641 +sK)=N

0]

L

o)

RE
IR

N
UL

406 GRR(17+14K)=NUL
PLOTTING RACK RESIDUALS

407

DO 1406 J=14J
KP=0

NX=RER(J)/0el
IF(NXeGT«0)40

IF(RER(J)/0e1-0e1eGTeNX)

IF(NXeGTe20)
GO TO 410

M

74408

GO TO 409

80

NX=NX+1
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409 NX=20
KP=1
GO TO 410
408 IF(RER(J)/Z/0el+0elelLTeNX) NX=NX-1
IF(NXelLTe—-20) GO TO 411
GO TO 410
411 NX=-=20
KP=1
410 JJ=25+NX
NY=FEEDR(J) /2540
IF(FEEDR(J) e GTeNY®25+12) NY=NY+1
I11=NY+3
IF(I1eGTel9) I1=19
IF(KPeEQel1)GO TO 412
GO TO 413
412 GRR(IT4sJJs1)=X
GO TO 1406
413 GRR(I1sJJsl1)=PLOT
1406 CONTINUE
C PLOTTING SHOE RESIVDUALS
DO 416 J=1,UM
KP=0
NX=RES(J)/0.1
IF(NXeGTe0)4174418
417 IF(RES(J)/0el1=0e1eGTeNX) NX=NX+1
IF(NXeGTe20) GO TO 419
GO TO 420
419 NX=20
KP=1
GO TO 420
418 IF(RES(J)/0el+0el oL TaNX) NX=NX=-1
IF(NXeLTe—=20) GO TO 421
GO TO 420
421 NX=-20
KP=1
420 JJI=25+NX
NY=FEEDR(J) /2540
IF(FEEDR(J) e GCTeNY%25+12) NY=NY+1
[I1=NY+3
IF(IT1eGTel9) []=19
IF(KPeEQel) GO TO 422
GO TO 423
422 GRR(IT1eJJs2)=X
GO TO 416
423 GRR(I14JJs2)=PLOT
416 CONTINUE
C PLOTTING CYLINDER RESIDUALS
DO 426 J=1+JUM
- KP=0
NX=REC(J)/0.l
IF(NXeGTe0)4c74428
427 IF(REC(J)/0el =00l eGTeNX) NX=NX+1
IF(NXeGTe20) GO TO 429
GO TO 430
429 NX=20
KP=1



O000

428

431

430

432

433
426

5000

121

122

499
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GO TO 430
IF(REC(J)/Z/0el+0elelTeNX) NX=NX-1
IF(NXeLTe—-20) GO TO 431

GO TO 430

NX=-20

KP=1

JJ=25+NX

NY=FEEDR(J) /2540
IF(FEEDR(J) e GToeNY*¥25+12) NY=NY+1
I1=NY+3

IF(ITeGTel9) 11=19

IF(KPeEQel) GO TO 432

GO TO 433
GRR(ITsJJs3)=X

GO TO 426
GRR(IT4JJs3)=PLOT
CONT INUE

IF(NOE-1)5000+884.,856

PRINT 121+ (FEEDR(J) +PLR(J) +PLRC(J)IRER(J) $FEEDR(J) +PLS(J) PLSC(J)»
IRES(J) +FEEDR(J) +PLC(J) s PLCC(J) sREC(J) e J=1esIM)

FORMAT (¥ +% 42X sF 6 e2 15X 4FSe215XsF5e2¢4XsF7e6398XsF6e2¢5XeF5e245X
1FS5 204X sF7e3 18X sF6 295X sF5e295XeFDe204XsF7637)

PRINT 122+ (RR+RSWRC)

FORMAT ( 2X¢35HCOEFFICIENT OF LINEAR CORRELATIUON =3F7e494Xy
135HCOEFFICIENT OF LINEAR CORRELATION = oF7e4+4Xy
235HCOEFFICIENT OF LINEAR CURRELATION =4F7e44/)

PRINT 4994 (CR4sCS+CC)

FORMAT (%#+% 42X 429HCOEFF ICIENT OF DETERMINATION=¢FS5e2 9 7THPERCENT 45X s
129HCOEFF ICIENT OF DETERMINATION= ¢F5e247HPERCENT ¢5X
229HCOEFF ICIENT OF DETERMINATION= F5624¢7HPERCENT 4/)

PRINT 123

123 FORMAT (%+%440H F (CALC) F(2e5PCENT) F(CALC) F(SPCENT) ¢ 6Xo

124

140H F(CALC) F(2.5PCENT) F(CALC) F (5PCENT)+6Xs
240H F(CALC) F(2eSPCENT) F(CALC) F(SPCENT)/)

PRINT 124+ (FRWFTAB((JIM=2)02) s FR«FTAB((JIM=2) 41 ) +FSWFTAB((JIM=2)42)
1IFSsFTAB((JIM=2) 1) sFCaFTAB((JIM=2)¢2) +yFCoFTAB((JM=2)01))

FORMAT (*#+%#4F8e4 12X sFB8ed 13X sFBe402X1FBeb4 15X 1FB8e412XsFBed 43X eFBaks
12X eFB8e4 45X sFBe4 42X sFB8eb s3XsFBeds2XesFBed/)

PRINT 125+ (KSIGI(MR2) +KSIGI(MR2+1) +KSIGIMRS) +KSIG(MRD+1) +KSIG(MS2) o
1IKSIGIMS2+1) ¢KSIG(MSS) ¢+ KSIGIMSS+1 ) yKSIGIMC2) s KSIGIMC2+1 ) sKSIG(MCS) »
2KSIGI(MCS+1))

125 FORMAT (¥+% 43X sAB8¢sA7 15X sAB AT 110X 1AE8sA7eSX s ABIATs10X+1AB8¢sA7 45X s

1A84A7/)

FINDING THE LIMITS OF PREDICTION
TWO-TAILED T TEST

(N=-2) DEGREES OF FREEDOM

90 PERCENT CONFIDENCE LEVEL

IF(LR-2) 300+301+,300

300 DO 311eJ=14UiM

311

APR(J)=TTAB(IM=2) #¥SER¥SGURT(1e0+(1e0/EE)+((FEEDR(J)=XB)*%2)/
1 (XI2-EE*(XB**2)))

APS(J)=TTAB(JUM=2) *¥SES*SGRT(1e0+(1e0/7EE)+((FEEDR(J)=XB) *¥%¥2)/
1(XI2-EE*¥ (XB*¥2)))
APC(J)=TTAB(JIM=-2 ) *¥SEC¥SURT(1e¢0+(1e0/5EE)+((FEEDR(J)=XB)**2)/
1 (XI2-EE*(XB*¥*2)))

GO TO 500
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301 DO 3214J=1eUM
APR(J)=TTAB(IM=2 ) *SER#*¥SURT (1 e0+( 1 aD/EE)+ (I FLN(J) —XB) ¥¥2)/
1(XI2=-EE¥(XB*¥*¥2)))
APS({J)=TTAB(IM=2 ) ¥SES*¥SURT(1e0+(1e0/EE)+((FLN(J) —-XB)#**2)/
1 (XI2-EE*(XB**2)))
321 APC(U)=TTAB(IM=2 ) *¥SEC*SURT (] 40+ (1e0/EE)Y+((FLN(J) —XB)*¥2)/
1 (X]I2-EE* (Xis*¥2)))
500 PRINT 3124 (SERSESSEC)
312 FORMAT (¥+% 4 35HSTANDARD ERRUR UF ThHt £STIMATE = +FGEe397Xo
133HSTANDARD ERRUR OF THE ESTIMATE = +FOe3e7Xo
233HSTANDARD ERRCR OF THE ESTIMATE = +F6e3//)
PRINT 313
313 FORMAT (¥+% 458X+ 20HLIMITS OF PREDICTION//)
PRINT 314
314 FORMAT (¥+%4 10X «8BHFEEDRATE ¢ 7X s 1HA« 32X «BHFEEDRATE ¢ 7X e 1HA 432Xy
18HFEEDRATE s 7X s 1HA/)
PRINT 315+ (FEEDR(J)APR(J) +FEEDR(J) s APS(J) +FEEDR(J) sAPC(J) e J=1sJM)
319 FORMAT (¥4 %43 11X eFEa240X1FEel2e3I1XsFbeldsOXaFHa2e31XeFEe2s5XsFEeac/)
DO 440 IN=1,419
PRINT 441 ¢ (GRR(INsJo1)eJ=1049) 4 (GRRIINJIZ2)sJ=14¢45)
1 (GRR(INsJs3)eJ=1445)
441 FORMAT (#+3%440A1 44501 442A17)
440 CONTINUE
IF (LReLTe3) GO TO 200
MULTIPLE REGRESSION AS A SEQUENCE OF STRAIGHT LINE RLGRESSIONS
PRINT 204 (SPEC(NK) ¢+NK=1410)
DO 800 J=1,UM
800 GLN(J)=LOGF(GS(J))
PRINT 811
811 FORMAT (50X s34HREGRESSING GRAIMN/STRAW ON FEEDRATE/Z)
801 LR=LR+1
GI=0
Glz2=0
GIX=0
XI=0
X12=0
REGRESSING GRAIN/STRAW ON FEELDRATE
IF(LReEQe4)8024803
802 DO 804 J=1,4UM
GI=GI+GS(J)
GI2=GI2+GCGS(J) *%2
XI=XI+FEEDR (J)
XI2=X12+FeEOR(J) *¥%¥2
8C4 GIX=GIX+GCS(JU)#FEEDR(U)
GIL=GI
GO TO 806
803 DO 805 J=1lsUM
Gl =GI+GLN(J)
Gl12=GI2+GLN(J)#*2
XI=XI+FLN(J)
XI2=XI24+FLN(J) *¥2
805 GIX=GIX+GLN(J)*¥FLN(U)
GIE=GI
806 SX2=XI2-(XI*#¥2)/EE
SG2=Gl2=-(Gl**2)/ck
SXG=GIX=-(XI*¥G1)/tE
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IF(LReEGe4)98049&1
980 SG2L=5G2
GO TO 982
981 SG2E=5G2
C  COMPUTING CURRELATIUON COBFFICIENT ANL COLFFICIONT OF UDLTERMINATION
982 RG2=(SXG**2)/ (SX2*#5G2)
CG=RG2%100e0
IF(SXGelLTe0)8B07+808
807 RG==1e0%¥SART(RG2)
GO TO 809
808 RG=SQRT(RG2)
IF(LReEQe4)970+971
970 RG2L=RG2
RGL=RG
GO TO 809
971 RG2E=RG2
RGE=RG
C COMPUTING THE SLOPL sB
8C9 BG=SXG/SX2
C COMPUTING THE Y-INTERCEPT.A
XB=X1/EE
GB=GI/EE
AG=GB-BG*XB
C STORING THE RESIDUALS
IF(LReEQe4)18354,1836
1835 DO1837 J=14JM
1837 G11(J)=GS(J)—(AG+BG*FEEDR (<))
GO TO 8888
1836 DO183Y8 J=14JM
1838 G12(J)=GLN(J)=(AG+BGH*FLN(JI))
6888 IF(LReEQe4)950+931
30 AGl10=AG
BG10=8G
GO TO 932
931 AG20=AG
BG20=BG
932 IF(LREG4)8124813
812 PRINT 814
814 FORMAT(62X s 10HLINEAR F 1T/
GO TO 820
813 PRINT 815
815 FORMAT (60X s+ 1 DHEXPONENTIAL FI1T/)
B20 IF(LReEGe4)8l6+518
816 PRINT 8174+ (AGIBG)
817 FORMAT (#+% 448X ¢ 12HGRAIN/STRAN =103 11+ 10 1Ce2s |OH(FLECIRATE Y 7
GO TO 821
818 PRINT 8194 (AG+3G)
819 FORMAT (¥4% 445X s 16HLN(GRAIN/STHAN I =41 0e3slH+aE1Ce3s 14 (LN(FELORATE
1))/
821 PRINT 8224 (RG)

B822 FORMAT (¥ +%¥ 446X ¢ 5OHCG i ICTeNT O« wlittArd CTO=-cLATIUiN T 4F7e& e 7))
PRINT 8234+(CG)
£23 FORMAT(¥+%* 440X 429HCUL FHT7 T NT (F o Tow o] 0TIy gk Dez a7kl o O NT 973
IF(LReEQe4)8BU1 26
C REGRESSING LOSS RESIDUA .S O GRATN -STe s T ALS

826 PRINT 824
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824 FORMAT (¥0% 442X ¢+ DOHREGRE L s ING LUSS kESIDw 0 S UN GRATN/OTRAW KLSTuuAa
1LS/)

840 LR=LR+1
IF(LR«EQe6)8304831

330 PRINT 814
GO TO 832

831 PRINT 815

832 PRINT 833

833 FORMAT (#+%4 19X+ 9HRACK LOSS 35X+ 9HSHUE LUSS 35X 13HCYLINDER LUSS/)
YR=0
YR2=0
YS=0
YS2=0
YC=0
YC2=0
XI=0
X12=0
XIYR=0
X1YS=0
XIYC=0
IF(LReEQe6)834 4,835

834 DO 836 J=1,Ji
YR=YR+RER1 (J)
YR2=YR2+RER1 (J) ¥%2
YS=YS+RES1(J)
YS2=YS2+RES1(J) %2
YC=YC+REC1(J)
YC2=YC2+4REC1(J) ¥%2
XIYR=XIYR+RER1 (J)*G11(J)
XIYS=XIYS+RES1(J)*G11(J)
XIYC=XIYC+REC1 (J)*G11(J)
XI=XI1+G11(J)

836 XI2=XI12+G11(J)**2
GO TO 838

835 DO 837 J=1,JM
YR=YR+RERZ2(J)
YR2=YR2+RER2(J) ¥%2
YS=YS+RES2(J)
YS2=YS2+RES2(J) ¥%2
YC=YC+REC2(J)
YC2=YC2+REC2(J) *%2
XIYR=XIYR+RER2(J)*G12(J)
XIYS=XIYS+RES2(J)I)*G12(J)
XIYC=XIYC+REC2(J)*G12(J)
XI1=XI1+G12(J)

837 XI2=X12+G12(J)*%2

838 SX2=X12-(XI1**2)/EE
SXYR=X1YR—-(XI*YR)/EL
SXYS=X1YS—(XI*¥YS)/EE
SXYC=XIYC—(XI1*YC) /Et

C COMPUTING THE SLOPE +8

BR=SXYR/SX2
BS=SXYS/SX2
BC=SXYC/SX2
IF(LReEQe6)9404941

940 BRR10=BR
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BRS10=8BS
BRC10=8BC
GO TO 942
941 BRR20=BR
BRS20=BS
BRC20=BC
942 IF(LReEQe6)8B41 4842
841 PRINT 843, (BR«BS+.BC)
GO TO 840

843 FORMAT (*+% 41X e 16H(LOSS RESIVDUAL)=+E10e3914H(G/S RESIVDUAL ) 15X
116H(LOSS RESIDUAL)=4E10e3+14H(G/S RESIDUAL) +5X
216H(LOSS RESIDUAL)=4E10e3+14H(G/S RESIDUAL) /)

842 PRINT 8444 (BR«BS+BC)

844 FORMAT (%#+4+%,41 X4 18HLN(LOSS RESIDUAL)=4E10e39¢14H(LN(G/S RES)) o
13X+ 18HLN(LOSS RESIDUAL)=%E10e¢3+¢14H(LN(G/S RES))
23X+ 18HLN(LOSS RESIDUAL)=4E10e3414H(LN(G/S RES)) /)

PRINT 20+ (SPEC(NK) ¢yNK=14+10)
PRINT 845

845 FORMAT (X¥0%¥ 457X+ 20HMULTIPLE CUKRELATION/)
PRINT 846

846 FORMAT(61Xs12HLINEAR MODEL/)
PRINT 833

DETERMINING EXPRESSION FOR MULTIPLE REGRESSION = LINEAR MOLEL
AAR=(-1.0*¥BRR10¥AG10)+AR10
BBR=(-1.0%BRR10¥8G10)+BR10
AAS=(—10%BRS10¥AG10)+AS10
BBS=(-1.0%¥BRS10*¥BG10)+BS10
AAC=(—1.0%BRC10¥AG10)+AC10
BBC=(=1.0¥%¥BRC10*¥BG10)+BC10
PRINT 850+ (AARWBBRWBRR104AASyB3BS+SRS10+AACBBC+s8RC10)

850 FORMAT (*#+% ¢ 3HPL=0E10e¢3s1H++E10e3+4HFCEDs1H+sE10e393HG/ 593Xy
13HPL=9E1Qe39lH+1E10e314HFEED s IH+9E10e3¢3HG/Se3X
23HPL=3E1Qe391H+9E1Qe344HFEEVIIH+s210e6333HG/S/)

PRINT 860
860 FORMAT (41X ¢%*¥3IMPLE CORRELATIUN ClchFICIeNT = LOSS ON GRAIN/STRAwWX/
1)
PRINT 833
DETERMINING EXPRESSION FOR MULTIPLE REGRESSION-MULTIPLICATIVE MOOEL
EAR=(—10%¥BRR20*%¥AG20)+AR20
EBR=(—1 ¢ 0¥BRR20*¥BG20)+BR20
EAS=(—140%¥BRS20%AG20)+AS20
EBS=(—1e0¥BRS20*¥B8G20)+B520
EAC=(—1¢0¥3RC20%¥AG20)+AC20
EBC=(~1e0*¥BRC20*¥G20)+13CZ0
DETERMINING SIMPLE CORKRELATIuUN CUERFFICIaNT = LOLS UN GRAIN/ZSTRAW
YGRL=0
YGSL=0
YGCL=0
YGRE=0
YGSE=0
YGCE=0
DO 861 J=14JIM
YGRL=YGRL+PLR(J)*GS(J)
YGSL=YGSL+PLS(J)XGS(J)
YGCL=YGCL+PLC(J)*¥GS(J)
YGRE=YGRE+RLN(J)*GLN(J)
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862
863
864
865
866

867
1380

868

869

870

871

872

873

874

875

876
1383

1384

877

878
879

87

YGSE=YGSE+SLN(J)#GLN(J)
YGCE=YGCE+CLN(J) *¥*GLN(J)
SYGRL=YGRL=-(GIL*YRL)/CE
SYGSL=YGSL-(GIL*¥YSL)/cE
SYGCL=YGCL=-(GIL¥YCL)/tL
SYGRE=YGRE~-(GIE*YRE)/EE
SYGSE=YGSE~(GIE*YSE)/EE -
SYGCE=YGCE-(GIE*YCE)/EE
RRRL.2=(SYGRL*¥¥%¥2 )/ (SYR2L¥5G2L)
CRL=RRRL2%100.0
IF(SYGRL«LT«0)862.863
RRRL==1¢0*SQRT(RRRL2)

GO TO 864

RRRL=SQRT (RRRLZ2)
RRSL2=(SYGSL¥%¥2)/(SYS2L*5GclL)
CSL=RRSL2%1000

IF(SYGSL eLTeuU)B86D438566
RRSL==]1 ¢ O*¥SURT (RRSLZ)

GO TO 867

RRSL=SQRT (RRSLZ2)
IF(SYGCL.EQeD)1380+1381
RRCL2=0e0

CCL=0e0

RRCL =040

GO TO 870
RRCL2=(SYGCL*#2)/(SYC2L*¥SG<cL)
CCL=RRCLZ2*¥100.0
IF(SYGCL LT eV )B68s86Y
RRCL==1¢0¥SQRT (RRCLZ2)

GO TO 870

RRCL=SQRT(RRCLZ2)
RRREZ2=(SYGRE*#2)/ (5YRE*5Gck)
CRE=RRREZ2%¥100V 0

IF(SYGRE «LTe0)8714+872
RRRE==1¢0#*#SQRT (RRRER2)

GO TO 873

RRRE=SQRT (RRREZ)
RRSEZ2=(SYGSE*¥%2) / (SYSZE*5GcE)
CSE=RRSEZ¥100.0
IF(SYGSE el T e )B 744870
RRSE=-1e¢ 0¥*¥SQRT (RRSEZ)

GO TO 876

RRSE=SQRT (RRSER)
IF(SYGCE+EQe0)13834+1384
RRCE2=0.0

RRCE=0e0

CCE=040

GO TO 879
RRCEZ2=(SYGCE*¥%¥2 )/ (SYC2E*SG2E)
CCE=RRCEZ*100.0
IF(SYGCE LT 0 )B77.878
RRCE=-1¢0%¥SURT (KRCEZ)

GO TO 879

RRCE=SQRT (RRCEZ2)

PRINT 1224+ (RRRL ¢+ RRSL +RRCL)
PRINT 4994 (CRLsCSL +CCL)
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PRINT 880

880 FORMAT(S50X+*COEFFICIENTS OF WMULTIPLE CORRELATION¥*/)
PRINT 833 ‘

C DETERMINING RESIDUALS

DO 883 J=1e¢UM
PLRC(J)=AAR+DBR¥FEEDR(J)+BRR10*GS(J)
PLSC(J)=AAS+BBS*FEEDR(J)+BRS10%*GS(J)
PLCC(J)=AAC+BC*FEEDR(J)+BRC10%¥GS (V)
RER(J)=PLR(J)-PLRC(V)
RES(J)=PLS(J)-PLSC(J)

883 REC(J)=PLC(J)=-PLCC(J)

C DETERMINING MULTIPLE CORRELATION COEFFICIENTS

YRLB=YRL/EE
YSLB=YSL/EE
YCLB=YCL/EE
YREB=YRE/EE
YSEB=YSE/EE
YCEB=YCE/EE
RHBL=0
SHBL =0
CHBL=0
RYBL=0
syBL=0
CYBL=0
DO 1303 J=1.YM
RHBL=RHBL+(PLRC(J)-YRLB)¥*c2
SHBL=SHBL+(PLSC(J)-YSLB) *¥*2
CHBL=CHBL+(PLCC(J)-YCLB)**2
RYBL=RYBL+(PLR(J)~YRLB)¥%*2
SYBL=SYBL+(PLS(J)-YSLB) *¥%2

1303 CYBL=CYBL+(PLC(J)~-YCLB)*%x2
RMR2L =RHBL/RYBL
CMRL=RMR2L*¥10040
RMRL =SQRT (RMRZ2L)
RMS2L =SHBL/SYDBL
CMSL=RMS2L%1U040
RMSL =SQRT (RMS52L)
IF(CHBLeEQe0)1304,41300

1304 RMC2L=0e0
RMCL=0e0
CMCL =040
GO TO 1306

1305 RMC2L=CHBL/CYBL
CMCL=RMC2L%*100.0
RMCL=SQRT (RMC2L)

1306 RHBE=0
SHBE =0
CHBE=0
RYBE=0
SYBE=0
CYBE=0
DO 1309 J=1+IM
RHBE=RHBE+( (EAR+ (EbR¥FLN(J) )+ (BRR2O*¥GLN(J) ) )—-YREDB) *#2
SHBE=SHBE+( (EAS+ (EBS*¥FLN(J) )+ (BRS20*GLN(J) ) )-YSEB)**2
CHBE=CHBE+( (EAC+ (EBC*FLN(J))+(BRC20*GLN(J) ) )-YCEDb)*¥*2
RYBE=RYBE+(RLN(J)=YREB) ¥%#2
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SYBE=SYBE+(SLN(J)-YSEB) *¥%*2
1309 CYBE=CYBE+(CLN(J)-YCEB)*%*2
RMR2E=RHBE/RYBE
CMRE=RMRZE*10040
RMRE =SQRT (RMRZE)
RMS2E=SHBE/SYBE
CMSE=RMS2ZE*10040
RMSE=SQRT (RMS2E)
IF(CHBE+EQeO) 131041311
1310 RMC2E=040
RMCE=0.0
CMCE=0.0
GO TO 1312
1311 RMC2E=CHBE/CYBE
CMCE=RMC2E*100.0
RMCE=SQRT (RMCZ2E)
1312 PRINT 881 (RMRL s RMSL ¢+ RMCL)

881 FORMAT (#+%435HCOEFFICIENT MULTIPLE CORRELATION = +F7e444X0
135HCOEFFICIENT MULTIPLE CORRELATION sFT7ed404Xy
235HCOEFFICIENT MULTIPLE CORRELATION 1FT7e4/)

PRINT 4994 (CMRL +CMSL +CMCL)
C ANOVA
C DETERMINING ADOITIONAL REGRESSIUN DUt TO GRAIN/STRAW
C PARTIAL CORRELATION COEFFICIENTS
RYXXRL=( (RRRL= (RRL*¥RGL ) )*¥%*¥2)/((10-RR2L)*(1e0-RG2L))
RYXXSL=( (RRSL=(RSL*¥RGL))*%¥2)/((1e0-RS2L)*(1e0-RG2L))
RYXXCL=((RRCL=(RCL#*RGL))**¥2)/((]1+0-RC2L)*(140-RG2L))
RYXXRE=( (RRRE—-(RRE*¥RGE ) ) *¥*¥2)/( (1 e«0-RR2E)*¥(1+0~-RG2E))
RYXXSE=( (RRSE-(RSE*RGE) ) #%¥2)/((1e0-RS2E)*(1¢0-RG2E))
RYXXCE=( (RRCE~(RCE¥RGE ) ) #%¥2)/((10-RC2E)*(10-RG2E))
SSRL=RYXXRL*(1¢0-RR2L)*SYRZL
SSSL=RYXXSL*(1e0-RS2L)*¥5YS2L
SSCL=RYXXCL*¥(1e0—-RC2L)*5SYCcL
SSRE=RYXXRE#*(1e0-RR2E) #¥5YREE
SSSE=RYXXSE*(1e0-RS2E)#SYS2E
SSCE=RYXXCE*(1e0-RC2E)*SYCZE
SMMRL=((1e0-RMR2L ) ¥SYR2L)/ (EE-3.0)
SMMSL =( (1 e0—-RMS2L ) *¥SYS2L )/ (EE-340)
SMMCL=((1e0~-RMC2L)%¥SYC2L )/ (EE-3+0)
SMMRE=((1e0-RMR2E ) ¥SYR2E )/ (EE-3.0)
SMMSE=( (1 e0-RMSZ2E ) *¥SYS2E)/ (EE-3.0)
SMMCE=((1+0-RMCZE ) ¥SYC2E )/ (EE-340)
FRL=SSRL/SMMRL
FSL=5S5SL/SMMsL
IF(SSCLeEWe0) 134091341
1340 FCL=0e0
GO TO 1342
1341 FCL=SSCL/SMMCL
1342 FRE=SSRE/SMMRE
FSE=SSSE/SMMSE
IF(SSCE«EQe0) 134441345
1344 FCE=0.0
GO TO 1346
1345 FCE=SSCE/SMMCE
C COMPUTING STANDARD ERROR OF THE ESTIMATE
1346 SERL=SQRT (SMMRL)
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SESL=5SQRT (SMMSL )
IF(SMMCiheEUWeU) 135041391
1390 SECL=0.0
GO TO 139¢
1391 SECL=SQRT(SMMCL)
1392 SERE=SQRT (SMMRKE)
SESE=SQRT (SMMSE)
IF(SMMCE+EQe0) 139441395
1394 SECE=0.0
GO TO 1396
1395 SECE=SQRT (SMMCE)
1396 PRINT 3124+ (SERL +SESL+SECL)
PRINT 882
882 FORMAT (45X ¢ ¥ADDITIONAL REGRESSION DUE TO GRAIN/STRAW*/)
PRINT 123
PRINT 124 s (FRLWFTAB((IM=3)42) sFRLIFTAB((IM=3)s1)sFSLFTAB((JIM=3) 2
1) sFSLeFTAB((JIM=3) 1) s FCLWFTAB((IM=3)42)+sFCLWFTAB((IM=3)41))
C CHECK FOR SIGNIFICANCE
IF(FRLeGTeFTAB((JUM=3)42))2090+2091
2090 MR2L=1
GO TO 2092
2091 MRa2L=3
2092 IF(FRLeGTeFTAB((JUM=3)41))2093+2094
2093 MR5L=1
GO TO 2095
2094 MRS5SL=3
2095 IF(FSLeGTeFTAS((IM=3)42))209642097
2096 MSz2L=1
GO TO 2098
2097 MS2L=3
2098 IF(FSLeGTeFTAB((JUM=3)41))20994+2100
<099 MS5SL=1
GO TO 2101
2100 MS5L=3
2101 IF(FCLeGTFTAB((UM=3)4+42))2102+2103
2102 MmCc2aL=1
GO TO 2104
2103 MC2L=3
2104 IF(FCLeGTFTAB((JIM=3)41))2102+2106
2105 MCsL=1
GO TO 2107
2106 MC5L=3
2107 IF(FRE«GTeFTAUL((JIM=3)4+2))3050+3091
3090 MRZ2E=1
GO TO 309¢&2
3091 MR2E=3
3092 IF(FRE«GT«FTAB((UM=3)41))3093+3094
3093 MRSE=1
GO TO 3095
3094 MRSE=3
3095 IF(FSEeGT«FTAB((UM=3)42))3096+3097
3096 MS2E=1
GO TO 3098
3097 MS2E=3
3098 IF(FSEeGTeFTAB((JUM=3)41))3099+3100
3099 MSS5E=1
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GO TO 3101
3100 MS5E=3
3101 IF(FCEeGTeFTAB((JIM=3)42))3102¢3103
3102 MCz2E=1
GO TO 3104
3103 MC2E=3
3104 IF(FCEeGTeFTAB((JIM=3)41))3105+3106
3105 MC5E=1
GO TO 3107
3106 MC5E=3
3107 PRINT 125+ (KSIGIMR2L) +KSIGIMR2L+1) +'KSIGIMRSL ) +KSIGIMRSL+1)
IKSIGIMS2L ) +KSIGIMS2L+1) +KSIGIMSSL ) +KSIGIMSSL+1) +KSIGI(NMCZL) o
2KSIG(MC2L+1) +KSIGI(MCHL ) yKSIGI(MCSL+1))
PRINT 71
PRINT 121+ (FEEDR(J) sPLR(J) sPLRC(J) s RER(J) sFEEDR(J) +PLS(J) sPLSC(J)
1RES (J) +FEEDR(J) sPLC(J) sPLCC(J) s REC(JI) o Jd=19sJM)
NOE=NOE+1
GO TO 4000
884 DO 885 IN=1,419
PRINT 441 ¢ (GRR(IINsJ11)9J=1049D) ¢ (GRRIINsJIIZ2) 1J=1445)
1 (GRR(INsJ93)9J=1045)
885 CONTINUE
PRINT 204+ (SPEC(I(NK) +NK=14+10)
PRINT 851
851 FORMAT(S7X+20HMULTIPLICATIVE MODEL/)
PRINT 833
PRINT 8523 (EARYEBR+BRR20IEASEBSyORS20+EAC£CsBRC20)
852 FORMAT (*+% 4SHLNPL=9E10 e3¢ 1H+sE10e393HLNF s l1H++E10e3¢4HLNGS
11X eSHLNPL=4E1Q e3¢ 1H+1E10e393HLNF ¢ 1H++sE10e394HLNGS
21X eSHLNPL=4E1Q0e3s1H+4sE10e393HLNF s IH++sE10e6394HLNGS/)
AAR1=EXP (EAR)
AAS1=EXP (EAS)
AAC1=EXP (EAC)
PRINT 853+ (AAR]1 +'EBRIBRR201AAS1 +EBS+BRS20+AACL EBCWBRC20)
853 FORMAT ( %+ %, BHPL=4E1Q e3¢ 7H(FR)IEXP sF6e¢3+s8H(G/S)IEXP+E10e30
11Xe3HPL=4E1Qe3 s 7TH(FR)EXP ¢sF6e¢3+s8H(G/S)IEXPsE10e3
21Xs3HPL=9E1Qe 3¢y 7TH(FR)EXP ¢sFOeI398H(G/S)EXP 2 10e0/)
PRINT 860
PRINT 833
PRINT 122+ (RRRE+RRSE +RRCE)
PRINT 4994 (CRECSE +CCE)
PRINT 880
PRINT 833
PRINT 881+ (RMRE +sRMSE s RMCE)
PRINT 4994 (CMRE +CMSE + CMCE)
PRINT 312+(SERE«SESE«SECE)
PRINT 882
PRINT 123
PRINT 124+ (FREWWFTAB((JIM=3)¢2) o FREIFTAS((JMi=3) 91 ) sFSEWFTAB((JIM=3) s 2
1)sFSEWWTAB((IM=3)41)sFCEWFTAS((IM=3)42) sFCEFTAB((JIM=3)91))
PRINT 125+ (KOIGI(MR2E) +KSIGIMRZ2E+1) +KSIGIMRSE ) yKSIGIMRIE+1) s
IKSIGI(MS2E ) +KSIGIMS2E+1 ) +KSIGIMSSE ) o+ KSIGIMOSSE+1) +KSIGIMCRZE ) »
2KSIG(MC2E+1) +KSIGIMCHE ) o+ KSIGI(MCBE+1))
C DETERMINING RESIDUALS
DO 854 J=14JUM
PLRC(J)=AAR1* (FEEDR(J) ¥ ¥EBR) ¥ (GS(J) ¥¥BRR20)
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PLSC(J)=AASI#(FEEDR(J) ¥ ¥EBS) ¥ (GS(J) *¥¥3RS520)
PLCC(J)=AAC1* (FEEDR(J)*¥EBC)* (GS(J) ¥¥3RC20)
RER(J)=RLN(J) = (EAR+(EBRY¥FLN(J) )+ (BRR20O¥GLN(J)))
RES(J)=SLN(J)=(EAS+(EBSH*FLN(J) )+ (BRS20*¥GLN(J)))
854 REC(J)I=CLN(J)—(EACH+(EBCHFLN(J) )+ (LRC20*¥GLN(J)))

PR

INT 71

PRINT 121+ (FEEDR(J) ¢PLR(J) +PLRC(J) ¢y RER(J) sFEEDR(J) yPLS(J)PLSC(I) o

1RES(J) yFEEDR(J) ¢PLC(J) sPLCC(J) s REC(J) sJd=10eJdM)
NOE=NOE+1
GO TO 4000

856 DO

1 (GRR(INsJes3)9+J=1445)

857 IN=14,19
PRINT 441+ (GRR(OINsJo1)9J=104D) s (GRRINsJ12) e J=144D)

857 CONTINUE
RETURN
END
SAMPLE DATA CARDS
16600 27400 ¢ 36 24400 6400 1900 e 04 «10
16400 34450 e39 30400 B8B+00 194,00 e 06 e 04
1600 42400 e29 34,00 B8Be00 364,00 o116 e 04
1600 40450 o2 336400 11600 24.00 «73 e 06
1600 48400 e24 35400 106400 24400 73 e 06
16.00 51400 e19 37400 1100 29400 56 e 05
16,00 51400 e18 35,00 12400 314,00 94 «13
16400 57,00 el6 49,00 1300 28400 2454 13
16400 6000 ol5 51400 10600 30600 4e63 oll
16,00 63,00 el3 D6400 10600 32600 60l o144
OCKe 431 T-1963 S WHEAT THATCHER wINDROW
12400 73.00 048 31600 4400 <7400 e15 24
12400 62400 eDOD 34400 4400 06600 17 24
12,00 51400 ¢e47 30400 2400 34,00 12 15
12,00 66400 e39 28400 4400 054400 e« 07 12
12400 62400 o2 28B400 200 19400 o9 °19
1200 44.00 ¢34 30600 3400 34,00 «20 17
12,00 55600 025 31600 2400 26600 27 17
12,00 42.00 o3 36400 1e00 104CO 1e90 24
1200 67600 e25 29400 2600 25400 27 21
iF 82 AMS—-10 2 WHEAT SELKIRKS WINDROUW

3

e10
¢ 09
o1l
«10
29
28
e’
0 36
o4l
.7@

el
ol
27
25
A
e 31
«35
e 55
« 56

ROSTHERN 30-9-03

ArRCULA 1 7-0-04
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Instructions for Using the Program

Data preparation

Sample data cards, for loss tests on two machines, are
shown on the previous page. The following rules should be
observed in data preparation:

1. The program is based on a loss test consisting of a
maximum of ten runs (ten individual loss collections). Data from
loss tests consisting of ten runs, or less, can be processed; if
more than ten runs are used, modifications to the program are
necessary.

2. The format for punching the ten data cards is (I2, 9F6. 2).
Data is punched in the following order on each card: number of
run, width of cut (feet), distance travelled (feet), length of run
(minutes), weight of rack effluent - straw plus loss (pounds),
weight of shoe effluent - chaff plus loss (pounds), grain collected
in grain tank (pounds), rack loss (pounds), shoe loss (pounds),
cylinder loss (pounds).

3. An eleventh data card, describing machine and crop
specifications, is now inserted. The format for this card is
(4A6, 6A8). Data is punched in the following order on this card:
make of machine, model number, test number, test series
number, crop type, crop variety, crop condition (windrowed or
standing), straw condition, location, date.

4. If the test consisted of less than ten runs, blank cards
must be inserted between the last data card and the specification

card to make a total of eleven cards.
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Interpretation of confidence intervals

The confidence intervals for the exponential model and simple
exponential model (Figures 14 and 15) are based on the transformed
data. These confidence intervals can be plotted only on linear
coordinate paper. For example, in the exponential fit, if In (per-
cent loss) is plotted against ln (feedrate) on linear coordinate paper,
then the confidence belt may be plotted directly, using the values
given in the lower part of Figure 14. These are plotted as
In (percent loss) £ A, If the original data is to be plotted on
""log-log paper', then the values for the confidence interval must
be transformed as follows: For each feedrate, the confidence
belt boundary will be located at antilog [ In (percent loss) + A]
and antilog [ In (percent loss) - Al. Similarly, if the standard
error of the estimate is used to express the confidence belt width,
the value given in Figure 14 may be used directly if the transformed
data is plotted on linear coordinate paper, but must be transformed,

as above, if the original data is plotted on ''log-log paper''.

Graphs and residual plots

The scatter diagrams (Figure 13) are plotted to the nearest
10 lbs/min feedrate and to the nearest 1/2 percent loss. If the
vertical or horizontal scale is exceeded, a plus (+) is used as the
plotting symbol, rather than a star (*). The plus is placed at
the upper limit of the axis which was exceeded.

The residuals (Figures 14 to 16) are plotted to the nearest
0.1 units. If the absolute value of the residuals is greater than

2, an "X" is used as the plotting symbol rather than a star (%),
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The "X'" is placed in either the (+2) or (-2) position.

Zero loss

If the value of percent loss is zero, for any particular run,
the loss value is automatically changed to . 01% before the data is
fitted. This is necessary to avoid errors in fitting the exponential
models, since In(0) = - @,

If cylinder loss data is not collected (as is sometimes done
in combine loss measurements) and cylinder loss is entered as
zero on all the data cards, computer error diagnostics will occur
during the cylinder loss fitting process. These diagnostics refer
only to the cylinder loss data; the rack and shoe loss data is still
fitted correctly. The error diagnostics can be eliminated, in this
case, by using fictitious cylinder loss data or by modifying the

program to eliminate the cylinder loss fitting process.
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