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ment Station2, Tucson, Arizona; 
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of ,4rizona, Tucson, respectively. 

Highlight 
A baffery-operated electronic scale 

recorded range caffle weights accu- 
rately on oscillograph charis wifh- 
out disturbing ihe animals. With re- 
finement, the system could operate 
automatically. 

The purpose of this study was 
to develop a cattle-weighing sys- 
tem that would operate under 
field conditions without affecting 
the animal’s rate of gain. The 
weighing system was designed 
for research on such questions, 
as: When do cattle gain or lose 
weight? How are gains or losses 
related to vegetation, rainfall, 
temperature, or other factors? 
And, how do gains and losses 
correlate with the quantity, 
chemical composition, and diges- 
tibility of forage eaten by the 
animals? 

The system was also designed 
to answer such practical ques- 

1Submitted as Journal Article #1130, 
Department of Agricultural Engi- 
neering, University of Arizona, Ag- 
ricultural Experiment Station. 

“Central headquarters located at 
Fort Collins, Colorado, in coopera- 
tion with Colorado State Univer- 
sity. Author stationed in Tucson, 
Arizona, in cooperation with the 
University of Arizona. 
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tions as: When do calves or year- 
lings reach their peak weights? 
and, how are these peak weights 
related to the end of the spring 
or summer growing seasons, the 
drying of the perennial grasses, 
maximum and minimum tem- 
peratures, etc? Answers to these 
questions will help ranchers de- 
termine when animal weights 
and market prices combine to 
give maximum returns. 

The usual way to weigh range 
cattle is to round them up, sort 
them, and weigh them over con- 
ventional level-fulcrum scales. 
This procedure is adequate for 
determining the value of cattle 
bought and sold, but it has seri- 
ous shortcomings for research 
either in range animal husband- 
ry or range management. One 
obvious disadvantage is cost. Few 
research projects are well enough 
financed to afford several sets 
of corrals and scales and a full- 
time weighing crew of two or 
three men equipped with saddle 
horses and the means for trans- 
porting them. A second disadvan- 
tage of conventional weighing 
is that range cattle lose weight 
in the process, and may not re- 
cover fully for several days. 
Thus, frequent weighing by con- 
ventional methods may be ex- 
pected to underestimate rates of 
gain and exaggerate rates of loss. 

With these thoughts in mind, 
we set out to devise a system 
that would meet the following 
minimum requirements: 
1. The basic system should con- 

sist of: 
a. 

b. 

An inexpensive platform 
which the animals would 
cross naturally to get to 
water or feed (identical 
platforms could be built at 
several locations). 
Weight-sensing devices and 
a remote recorder that 
could be quickly connected 
to any platform where ani- 
mal, weights might be 
taken. 

2. The scale should weigh ani- 
mals individually as they 

3. 

4. 
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cross the scale platform. 
Operation of the system must 
not disturb the normal routine 
of the animals. 
The system must be operable 
at remote locations not served 
by central station electric 
power. 

Design and Construction of fhe Scale 
The design criteria allowed for 

one animal entirely on the scale 
at one time, and restricted the 
animal from turning around on 
the scale. The width dimension 
was taken from a large Hereford 
bull. The length was determined 
by measuring the tracks of a 
900-lb cow walking through sand. 
With these measurements as a 
guide, a platform 42 x 90 inches 
and a supporting structure were 
built (Fig. 1). The supporting 
structure was constructed from 
6-inch channel iron and a 3-inch 
I-beam. The platform was con- 
structed from angle iron and 2 x 
8-inch planks. The platform rests 
on the base or below-ground 
portion of the supporting struc- 
ture, except when cattle are be- 
ing weighed. Four links attached 
to the platform and supporting 
structure allow sufficient verti- 
cal movement of the platform 
but prevent horizontal move- 
ment. 

Since one criterion of design 
was that the system weigh ani- 
mals as they moved across the 
scale without stopping, an elec- 
trical method was considered 
most feasible. 

Four electrical resistance 
strain-gage load rings were made 
up in the Department shop3. 
Each load ring was a 2-inch sec- 
tion of standard 5-inch-diameter 
black pipe with wall thickness of 
0.258 in. Eyebolts were attached 
to opposite sides of the ring along 
one diameter for loading. Strain 

3The design, construction, and cali- 
bration of the load rings and com- 
pleted system are described in “An 
automatic animal weight recording 
system,” by Leroy Leonard Bash- 
ford. MS Thesis, University of Ari- 
zona. 1966. 
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-Supporting structure 

E’IG. 1. To weigh cattle the scale is installed in a pit with the platform about 3 inches above the ground line. Lejt, the scale plat- 
form, supporting structure, and load rings. Center, link used to prevent lateral movement of platform. Right, single load ring 
in shade box after installation in the field. 

LOAD LOAD 

FIG. 2. Load ring showing the location of 
strain gages and direction of load. 

gages were attached to opposite 
sides of the ring along a diameter 
perpendicular to the direction of 
load (Fig. 2). Hooks on the plat- 
form and on the underside of the 
top beam of the supporting 
structure permit the load rings 
to be easily inserted, thereby 
raising the platform off the base 
supports. 

Adding weight to the platform 
stretches the strain gages on the 
inner surface of the load ring, 
compresses those on the outer 
surface, and changes the electri- 
cal output of the load-ring sys- 
tem. The magnitude of the elec- 
trical signal from the load rings 
is recorded on the oscillograph, 
and can be translated to weight 
by proper calibration4. 

In designing the load rings, it 
was estimated that the heavier 
range cows would weigh around 
900 lb, but that occasional weights 
for bulls might approach 2,000 
lb. The dead load of the platform 

4For a lucid discussion of strain 
gages see: Perry, C. C. and H. R. 
Lisner. 1962. The strain gage primer. 
McGraw-Hill, New York. 

was estimated at 400 lb. Thus, 
the total design load for the four 
load rings combined was 2,400 lb. 
To allow a safety margin of 200 
lb. per load ring, each ring was 
designed to carry 800 lb. 

Testing and Calibrafion 

It was necessary that the sen- 
sitivities of the four load rings be 
as nearly equal as possible to in- 
sure that a given load applied at 
any location on the scale plat- 
form would result in the same 
signal output. 

Before using the four load 
rings together in a system, they 
were labeled A, B, C, and D for 
identification, tested individual- 
ly, and adjusted to approximate- 
ly equal sensitivity by shaving 
metal off the ends of the less 
sensitive rings. 

The four load rings were then 
electrically connected in parallel 
as they would be on the scale, 

and each ring was individually 
loaded to check its individual 
sensitivity as part of the weigh- 
ing system. The individual ring 
sensitivities were within 3% of 
the mean of their sensitivities. 

The completed scale was in- 
stalled at the Campbell Avenue 
Farm of the University of Ari- 
zona for initial testing. The load 
rings electrically connected in 
parallel were used with a San- 
born 301 recording oscillograph5. 
Fifty-pouhd sand bags were used 
to load the scale in increments 
to 900 lb. When the platform 
was loaded at the corners, the 
sensitivity ranged within 1.57% 
of the mean. Thus, the position 
of the load on the platform had 
little influence on the reading 

*iTrade names are mentioned for the 
benefit of the reader; their use does 
not imply endorsement or prefer- 
ential treatment. 

800- 
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FIG. 3. Oscillograph traces taken from walking and standing animals, overlaid to demon- 
strate how charts can be interpreted. 
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obtained from the oscillograph. 
Two steers of known weight 

were then led across the scale to 
observe the oscillograph traces 
that would be obtained with live 
loads. The true weight of each 
steer was obtained when it stood 
still on the scale. When their 
walking and standing oscillo- 
graph traces were overlaid, ani- 
mal weights could be determined 
reasonably accurately by averag- 
ing the peaks and valleys of the 
oscillograph traces (Fig. 3). 

The Completed Field Insiallafion 
After initial testing at the Uni- 

versity of Arizona farm, the scale 
was set up at the entrance to a 
livestock watering place on the 
Santa Rita Experimental Range. 
A chute was constructed to force 
cattle to cross over the scale 
(Fig. 4). Trigger gates were built 
at the scale and at an alternate 
exit to force cattle to cross the 
platform in only one direction. 
The chute does not rest on the 
weighing mechanism and could 
be built narrower than 42 inches 
for smaller animals. At first the 
scale platform was covered with 
about 1 inch of soil so the cattle 
would not hesitate to cross the 
scale because of the wood floor. 
After a few days the soil was re- 
moved, and the cattle were given 
a few more days to become ac- 
customed to the wood floor. 
When cattle were to be weighed, 
the load rings were installed and 
connected to the recorder, which 
was operated from a pickup 
truck parked about 50 ft from 
the scale. Since the cattle had 
little fear of the truck, it was not 
necessary to build a blind. The 
oscillograph was powered from 
the 12-volt truck battery through 
a convertor, which supplied 120 
V, 60 c.p.s. current. 

The calibration of the scale 
was checked again after it was 
moved to the Santa Rita Experi- 
mental Range. This field test was 
accomplished with five men and 
several lo-kg weights to provide 
a range in loads from 151 to 862 

FIG. 4. The scale installed at the Santa Rita 
Experimental Range. Trigger gates keep 
cattle from recrossing the scale after 
watering. 

weight, as interpreted from the 
oscillograph, was slightly but 
consistently higher than the ap- 
plied load. The cause of the 
change in the sensitivity of the 
system was not isolated. This 
bias could have been eliminated 
by recalibrating the scale. For 
our purpose, however, satisfac- 
tory corrections were made by a 
regression formula computed 
from applied and observed 
weights. 

When cattle were first weighed 
at the Experimental Range, some 
of the animals still hesitated to 
cross the scale platform. The 
charts for these animals were 
sometimes uninterpretable be- 
cause the animals jumped or ran 
across the scale, causing extreme 
fluctuations on the oscillograph. 
These results indicate that longer 

conditioning periods are needed 
for some animals. Whether the 
nervous animals were excited by 
the wood floor, by the narrow 
passageway, by the presence of 
the truck and operator, by the 
faint hum of the recorder, or by-e 
combination of these factors was 
not determined. 

Most cattle weighed in the 
field crossed the scale more lei- 
surely than those that were led 
across the scale during calibra- 
tion at the Campbell Avenue 
Farm. Their oscillograph traces 
(Fig. 5) were less variable than 
those obtained by leading tame 
animals over the scale in the 
calibration studies. 

Discussion 

The results demonstrate that, 
by using load rings or equivalent 

A900 LB. COW 

,730 LB. COW 

lb. The test showed that the FIG. 5. Oscillograph traces obtained as two cows and a calf each crossed the scale. 
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transducers and a recording sys- 
tem, range cattle can be weighed 
without disturbing their normal 
routine. The weighing procedure 
does not require elaborate prep- 
aration. One person can insert 
the load rings and prepare the 
instrument for recording in about 
30 min. 

It should be stressed that the 
weighing system described here 
is a pioneer model, and that 
many refinements are possible. 
The use of commercially built 
load cells or transducers might 
well improve the performance 
of the instrument. For example, 
the experimental load rings must 
be shaded because they are not 
temperature-compensating, as 
most commercial units are. Ade- 
quate scale platforms can be 
built more cheaply from lighter 
weight materials. Some mechani- 
cal means of damping the scale, 
or a method to momentarily stop 
the animals on the scale, would 
eliminate some of the oscillating 
traces due to movement. 

Cattle weights can be obtained 
with the experimental scale, but 
an operator is required. To fully 

Comparison of Cage ‘M.ethods 
for Determining Utilization 

on Pine-Bluesfern Rangel 
HAROLD E. GRELEN 

Associate Range Scientist, Southern 
Forest Experiment Station, Forest 
Service, U.S.D.A., Alexandria, 
Louisiana. 

Highlight 
Plucking herbage from caged 

quadrais fo simulate graqing re- 
sulted in lower estimates of yield 
and utilization than did monthly or 
yearly clipping of herbage from 
caged and open quadrafs. At the end 
of the grazing season, estimates of 
ungrazed herbage did noi differ sig- 
nificantly by measurement f e c h - 
nique. The overestimate of yield 
when herbage was clipped once a 

IPaper presented at the 20th Annual 
Meeting, American Society of 
Range Management, Seattle, Wash- 
ington, February 16, 1967. 
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automate the scale would require 
the following additional features: 

A recorder with sufficient 
range to accommodate the 
full range of weights antici- 
pated. The recorder we used 
required a change of attenu- 
ator setting for heavy ani- 
mals. 
Remote control of the chart 
drive, such that an animal 
would start the chart by step- 
ping on the platform, and that 
the chart would run 1 or 2 
seconds after the animal 
leaves, in order to establish 
the base or “no load” line. 
Since long intervals may 
elapse between animals, it is 
essential that the chart not 
run all the time. 
Where individual animals 
must be identified, numbers 
could be painted on the ani- 
mals. These numbers could be 
recorded by a camera tripped 
by the signal that starts the 
chart drive. 

A scale with these additional 
features will soon be completed. 
If it is successful, we will pro- 
ceed with tests to learn how to 

9 
year was probably caused by greater 
growth on caged than on open quad- 
rats. 

When forage consumption is 
computed as the difference be- 
tween herbage weight on pro- 
tected and grazed plots, greater 
growth on protected plots may 
distort the estimate. The longer 
the period of protection, the 
greater the discrepancy is likely 
to become (Joint Committee, 
1962). To assess the magnitude 
of this error, various measure- 
ment techniques were compared 
in a 2-year study on pine-blue- 
stem range. 

Procedure 
The study was made in 1963-64 

on a 570-acre range unit of the 
Palustris Experimental Forest in 
central Louisiana. Longleaf pine, 
Pinus palustris Mill., had been 

distinguish between gain or loss 
of tissue and changes in fill. 

When perfected, the electronic 
scale will offer several cost ad- 
vantages. One set of instruments 
can be moved about to obtain 
cattle weights on inexpensive, 
permanent platforms at several 
locations. Since cattle are not 
restrained, elaborate, expensive 
corrals are not needed. One man 
can set up and calibrate the sys- 
tem and record weights as ani- 
mals cross the platform, or, he 
can set the system to operate 
automatically. 

In its present stage of develop- 
ment, the system should work 
well where cattle visit a certain 
area regularly for feed or water. 
Weighing at water offers promise 
in the Southwest, where many 
animals drink daily during 
warm, dry weather, and where 
cool, moist weather is unusual. 
Until automatic operation is 
worked out, however, much op- 
erator time can be saved by clos- 
ing the water the day before 
weighing, and allowing most of 
the cattle to gather before letting 
them cross the scale. 
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clearcut more than 20 years be- 
fore. The woody cover now con- 
sists mainly of scattered second- 
growth pines, scrub oaks, Quer- 
cus spp., and southern wax- 
myrtle, Myrica cerifera L. Pine- 
hill bluestem, Andropogon diver- 
gens (Hack.) Anderss. ex Hitchc., 
and slender bluestem, A. tener 
(Nees) Kunth, dominate the her- 

baceous cover. Herbage averages 
about a ton (oven-dry) /acre/ 
year. Annual rainfall is about 58 
inches. 

Before the study, l/3 of the unit 
was burned each April in a 3- 
year rotation. A cow herd grazed 
yearlong, and utilization aver- 
aged about 75% on the newly 
burned portions and 25% on the 
unburned. For 1963, the study 
site was a 190-acre area burned 
in April. To intensify use during 


