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ABSTRACT

Current practices in the Arizona cattle feeding industry re
quire1 feeding large amounts of alfalfa hay® Although most of the 
operations involved in making, handling and feeding baled alfalfa hay 
are mechanized, one operation (preparing baled hay for the grinder) 
still requires the use of manual labor» This study reports the initial 
endeavor toward the design and development of a machine which would 
perform this operation automatically.

Preliminary investigations were made on economical justification, 
bale size and wire specification, and existing feeding systems. Based 
on these investigations a mechanism was constructed which will auto
matically cut and remove the tie wire from baled hay. The wire is cut 
with a cutter bar assembly similar to that of a typical mower cutter 
bar and removed from the bale by a sweeping Steel finger that pulls the 
wire from the bale through a set of rotating rollers which insure posi
tive wire removal.

Results of the tests conducted indicate that fhis mechanism can 
provide a more economical method of removing the tie wire from baled 
hay, '

/
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INTRODUCTION

Background
The commercial cattle feeding industry is a significant part of 

the rapidly growing Arizona economy. Figure 1 shows a typical Arizona 
feed lot. The number of cattle and calves sold out of the feed lots 
during the period December 1962, through November 1963, has been esti
mated to be 617,000 head. This is 47,000 head more than during the same 
period a year earlier (1). The value of gain put on in these feed lots 
during the afore-mentioned period was estimated at 51 million dollars. 
There has been a gradual gain in the number of individual feed lots in 
Arizona, but the increase in total cattle fed also results from con
tinued expansion in capacity of the existing lots. In view of Arizona's 
highly favorable climate, abundant space and feed, proximity to an in
creasing population with its corresponding cattle market, the increase 
in cattle numbers will in all likelihood continue.

Prolonged feeding of a heavy grain ration is not required in 

Arizona (6). The market for Arizona fed cattle calls for a choice grade 
animal which is "finished" at a relatively light weight of 1,000 lbs. or 
less. A carcass of this type comes from cattle which have been fed a 
ration high in roughage for the major portion of their feeding period, 
terminating with a short period of heavy grain ration for finishing. The 
major source of roughage in these rations are alfalfa hay, green chop

1



FIGURE 1. Typical Arizona Feed Lot.



and ensilage. The trend toward feed lots of greater capacity necessi
tates the transporting of this roughage from greater distances.

Water constitutes about 75% of green chop and ensilage when they 
are harvested and hauled to the feed lot. Hauling roughage in these 
forms from other than the immediate vicinity of the feed lot incurs pro
hibitive cost. Consequently, the major form of roughage is baled alfalfa 

, which can be readily stored and transported great distances as the need 
arises.

In its course from the field to the feed bunk a unit of hay 
undergoes little manual handling and processing. One company boasts that 
it markets all the. equipment necessary for a completely mechanical system 
of processing and handling hay from field to feeding, Hull (4) states 
that field production of wafers presents a system which provides for 
completely mechanical handling. This particular line of equipment, how
ever, utilizes a packaging principle entirely different from the hay bale 
and has as yet not been accepted by Arizona feeders. Consequently, 
alfalfa hay in Arizona is handled almost exclusively in the bale form.

Alfalfa hay harvesting in Arizona has followed a relatively set 
pattern since the development of the field baler. Some modifications 
have been made by individuals as the result of the introduction of new 
pieces of equipment • such as the field windrower, the conditioner, the 
field elevator, the Haro-Bed self propelled automatic bale wagon, and 
the Farmhand complete hay handling system, but the general pattern has 
remained quite stable. Alfalfa is mowed or swathed, sometimes con- . 
ditioned, side raked if mowed, usually turned, and then baled into rec
tangular wire tied bales of 12-15 pounds per cubic foot density. Bales
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are picked up so the field can be cleared and irrigated as soon as 
possible. If a truck is used to accomplish this, the hay is hauled to 
open storage at the edge of the field or transported to brokers or to 
ultimate consumers, Haro-bed wagons or small flat-bed trailers are some
times used to "roadside" the hay in small stacks near the edge of the 
field. The hay is then later reloaded and transported to some more 
permanent storage location at or adjacent to a feed lot. Currently some 
of the loading and unloading operations are still accomplished by hand 
labor, but recently there has become available mechanical equipment which 
effectively performs ail bale handling operations.

Following storage at the feed lot, the bales are reloaded and 
transported to the feed lot processing mill. The majority of cattle 
feeders.follow a practice of feeding a complete ration in which the 
roughage and the dtker ihgredients are thoroughly.mixed. To accomplish 
this mixing, the hay must first be subjected to some type of size re
duction process. This is generally done with a hammer mill type hay 
grinder which strikes the incoming bale with revolving flails that pro
gressively reduce the size of hay particles until they pass through a 
screen from where, they are pneumatically conveyed to a temporary storage 
bin and are ready for incorporation into a complete ration. In all feed 
lots this grinding, conveying, mixing and subsequent delivery to the 
cattle is accomplished by mechanical means.

The only operation in the entire sequence from the field to the 
feedbunk which still requires hand labor is the preparation of the bale 
for grinding.
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Statement of the Problem
In preparing the bale for grinding, another relatively standard 

pattern of operations is presently utilized. Two men are required to 
prepare hay bales for grinders that have capacities greater than three 
ton# per hour, . Grinders with this capacity are common to all large feed 
lots. Figure 2 shows a typical grinding operation. One man manually 
moves the bale from the adjacent hay stack and places it on a horizontal 
conveying mechanism called a "drag". This drag* as seen in Figure 3, ' 
then conveys the bale to the grinder. At a point along the drag immedi
ately ahead of the grinder, a second man cuts and removes the wire which 
has bound the hay into a dense bale. This second man usually cuts the 
wires near one end of the bale with a pair of side cutters, pulls the 
wires from beneath the bale and tosses them to one side for later dis
posal, Wiersma (7) has observed that although this laborer must devote 
full time to the operation, he usually is working at only a fraction of 
his capacity. Since labor costs in a feed lottape exceeded only by 
feed costs, a constant lookout must be kept for opportunities to reduce 
labor costs through mechanization and automation. It appears feasible 
that wire removal from hay bales can be accomplished much more eco
nomically by mechanical means.

In all machinery, some level of reliability is required for one 
or more reasons. The cost of reliability is justified by the improve
ment it provides:the system; for example, to prevent loss of time and 
manpower, to prevent damage to equipment, or to insure a consistently 

uniform product. In the case of a machine for the wire removal, the 
primary purposes for reliability would be to prevent time loss and to



FIGURE 2. Present Procedure Involved in Moving Hay 
From the Stack to the Grinder.



FIGURE 3. Conveyer Chain or Hay Drag.



insure a product which will not be harmful to cattlee Any automatic 
equipment used to perform this function must be highly reliable® If 
at any time one or more tie wires are allowed to pass into the grinder, 
this wire will be chopped into short pieces, and pass on into the ground 
hay or become wrapped tightly afdund the grinder's cylinder or cylinder 
shaft» If it becomes wrapped in the grinder, the only solution is to 
stop the machinery and manually.remove the wires

Short sections of wire in the ground hay present a far more 
serious.problems Cattle will eat small bits of metal which have been 
mixed with their feed and as a consequence may suffer traumatic gas
tritis e Traumatic gastritis, or hardware disease as it is commonly 
called, is the result of some foreign object, usually a piece of metal, 
penetrating the wall of the stomach® Dobie, et® al. (3) have indicated 
that 90% of the observed cases of hardware disease, were caused by one 
to six-inch long pieces of baling wire® This baling wire has in all 
probability found its way to the feed mangers because either man or 
machine has been incompletely reliable somewhere along the sequence of 
operations in bringing the hay from the field to the feedbunk. With 
the high incidence of baling wire as the cause of hardware sickness, a 
tie wire removing machine less reliable than man would be unacceptable® 

One partial solution to the removal of tramp iron from ground 
hay is the use of magnetic ducts in the line through which hay is con
veyed from the grinder to the hay bin® One manufacturer of magnetic 
ducts estimates that the efficiencies of magnetic iron removal vary from 
20% to 95%, depending on grinder type and conveyor speed„ The use of 
magnetic ducts is limited since this will not provide a complete solution



to the problem of tramp Iron in ground hay® No machine which would 
increase the amount of tramp iron now reaching the feed could be added 
to the hay processing system.

In short, the problem is one of reducing labor costs and in
creasing reliability. It is the author’s opinion that the function of 
removing the wire from a hay bale on a hay drag can be effectively 
performed automatically with an acceptable degree of reliability. It 
was toward this end that this project was initiated.

Justification
All feed lot managers should, and many of them do, completely 

justify any expenditures made for replacing hand labor with some type of 
machine» Although various criteria such as safety and appearance may be 
considered in justifying any such expenditures, the usual prime consider
ation is the affect on net profit of the entire enterprise. Manu
facturers also make detailed analysis before producing any product to 
determine the market potential, A brief study of the economic justifi
cation of mechanizing tie wire removal was made prior to directing any 
effort toward design and development.

Following a preliminary investigation, it was estimated that a 
wire removing machine with ah expected life of five years could be 
built and sold at a price ranging from $1200 to $2400, The power re
quirements for this machine should not exceed two horsepower. Based 
on these estimates, in addition to corresponding costs for interest, 
insurance, and maintenance, the cost of mechanically removing wire per 
ton of hay was determined for grinder capacities ranging from a
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minimum of three tons up to fifteen tons per 'hour.. Fifteen tons per 
hour is the maximum capacity of one man preparing bales on the drag.
Five hours per day was selected for the minimum daily grinder operating 
time as typical of large Arizona feed lots.

 ̂A corresponding labor cost was calculated for manual tie wire re
moval. Curves representing the relationship between these variables are 
shown in Figure 4® It can be seen that machine operation is more eco
nomical for all grinder capacities if the initial cost is less than 
$1900. If the initial cost is $2400, a minimum rate of four tons per hour 
is needed before a manager could afford to replace a man with this ma
chine. At 15 tons per hour manual labor is operating at a cost slightly 
less than the machine. However, it is doubtful that a man can maintain 
this rate over an extended period of time since it requires handling a 
bale every 12 - 16 seconds. Therefore it is safe to assume that a rate 
of operation greater than four tons per hour and longer than five hours 
per day could economically justify automation in large Arizona feed lots.
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INVESTIGATION

Existing Conditions
The ultimate design of any machine is guided by a number of 

criteria all depending upon the functions to be performed and the re
quirements of the machine operatora A machine designed for hay bale 
preparation will be required to automatically cut and remove» with a 
high level of reliability, the tie wire from baled hay on a hay drag. 
Since hay bale dimensions vary with different baler manufacturers and 
with different baler operators, a knowledge of the complete range of 
bale sizes is essential* A summary of the published (4) bale specifi
cations on hay bales is as follows:

Height 14 to 17 inches
Width 18 to 23 inches
Length 12 to 52 inches

These dimensions permit an extensive number of bale shapese
There are, however, practical limitations on the bale shape* For this
project a bale with dimensions of 16 inches high, 20 inches wide and
48 inches long was used as a standard. The machine must, of course, be
designed with adjustments to provide the capability of handling bales
which vary from this standard*

A knowledge of the variety of wire encountered on hay bales is
also essential. The wire cutting and handling mechanisms were designed
for wire that meets ASAE standards (2) of baling wire for automatic
balers: "The wire shall be 14 1/2 gage, 0,076 inches 2 0*002 inches in

12
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diameter and have a tensile strength of 50,000 to 70,000 psi"„ Although 
not all baler manufacturers conform to the ASAE standards, they use wire 
that is similar in dimension and other physical properties.

The nature of this project demands being aware of the location 
and type of knot encountered on a hay bale, Investigation disclosed that 
all the knots are located on the top or bottom surface near the end of the 
bale«- Figure 5 shows the location of the knots on a typical hay bale.
The knots are two or three inches past the corner and made by a knotter 
which twists the wire together several times. There is two pr three 
inches of loose end left with each knot,

Since many of the feed mills have a number of homemade components, 
the existing hay bale conveying mechanisms are of variable design. Most 
bale conveyers consist, of an endless chain or chains which run the length 
of a long concrete slab with the hay bales stacked on both sides. This 
requires a minimum distance of hand moving when transferring bales from 
the stack onto the drag. The drag moves the hay to the grinder which is
located at one end of the slab as shown in Figure 6, The conveyer chain
and bales usually run in a large depression or channel, the walls of the 
channel serving as guides for the bales. The channels vary in depth from 
four to ten inches, '

In the floor of the channel there exists a second smaller de

pression in which the conveying chain slides. The conveying chain is 
usually one of two types, the most common type being a single chain with
upright spikes welded or bolted to it. The other type consists of two
parallel chains, one near each edge of the channel, with double spikes, 
or with scraper bars between them. The bales are placed on or in front
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Figure 5. Typical Hay Bale.
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Figure 6. Plan View of Hay Stacks, Conveyer Chain and Grinder.
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of the spikes as the chain moves continuously toward the grinder. The 
chain speeds normally range from three to twenty-five feet per minute, 
depending on the ability of the operator to keep the conveyer loaded and 
on the capacity of the grinder into which the conveyer deposits its load,, 

Another homemade mechanical contrivance found in many of the 
feed lots is a wire winder which is used to consolidate the waste wire 
into spools. The baling wire is cut and removed from the bales and 
thrown to one side. The wire is accumulated in this manner for several 
hours and then mechanically wound into salvable spools. If no wire 
winder is available, the man removing the wire folds it as he removes 
it, providing individual disposable units about one foot long, each 
containing the three wires removed from one bale, Winding the wire 
provides several advantages, namely; a saving in labor, a compact spool 
which is more easily handled and saleable for scrap, and a reduction in 
the nonproductive disposal area. Figures 7 and 8 show two of the differ
ent types of wire winders observed. Figure 7 is an elaborate design 
which involves the use of two hydraulic cylinders for ejecting spools.
The spools of wire seen in the background weigh 250 to 300 pounds. The 
simpler wire winder shown in Figure 8 is basically composed of one-half 
horsepower motor, a right angle speed reducer, and a consolidating weight 
wheel. One of the walls is hinged and allows the removal of the 125 to 
150 pound spools. The presence of a wire winder would be necessary to 
completely realize the benefits of a machine for cutting and removing 
the wire from the bale. The wire which accumulates from a half day of 
grinding could be hand fed into the winder to form the disposable spools, 

an operation which requires only a few minutes.



FIGURE 7. Electric and Hydraulic Wire Winder 
Used by a Large Feed Lot.
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FIGURE 8. Small Wire Winder
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Objectives
The primary objective of this investigation was to design, 

construct and evaluate a prototype automatic tie wire remover which 
would cut and remove baling wire from baled hay on a drag®

In the course of this design, primary emphasis was devoted to 
the dimensions, the velocities, and the system of operations with little 
or no consideration given to suitabilities of particular metals used, 
strength characteristics of components or compatability with production 
methods other than to maintain an assurance that no unreasonable con
ditions would be encountered in future involvement with these latter 
design considerationse



PRINCIPLE OF OPERATION

The Wire Gutter» Since the wires under the present method of 
operation are cut manually, ho problem results from the variation of 
wire location on the bale. In the mechanized unit, to insure that all 
the wires are cut regardless of their location on the upper surface of 
the bale, a cutter bar assembly similar to that of a typical mower 
cutter bar is utilized. The cutter bar assembly as shown in Figure 9 
is driven by a solenoid controlled two-way hydraulic cylinder which has 
a maximum vertical travel of eight inches. Bolted to the cutter bar is 
the %nife (Fig. 10) which moves horizontally across the cutter bar. The 
knife has a maximum travel of three and one-fourth inches, or the equiva
lent width of one and one-half cutter bar teeth, as controlled by the 
eight horizontal slots in the cutter bar shown in Figure 9, The knife . 
actuating linkage shown in Figures. 10, 11, and 12 provides the horizontal 
movement. As the cutter bar is lowered the teeth penetrate the surface 
of the bale and simultaneously the knife is forced across the cutter bar 
shearing all wires* Rapid motion of the cutter bar and knife is obtained 
by employing a high volume hydraulic pump and a two inch hydraulic cylin
der which provides a combination Of impact and shear, rather than shear 
alone.

The Removal Mechanism. After the wire is cut it must be removed 
before the bale reaches the grinder. To prevent any tight wires from 
snapping off the bale when cut, a steel cylinder 24 inches long, six 
inches in diameter and weighing approximately 60 pounds, rides on the



FIGURE 9. Front View of Cutter Bar.



FIGURE 10, Cutter Bar, Top of Stroke,
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FIGURE 11. Cutter Bar, Midstroke
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FIGURE 12, Cutter Bar, Bottom of Stroke.



; : " ■. .. . ■ '. 
moving bale® The cut wiW is removed by a steel finger sweeping across .
the bale® The finger (Figure 13) is connected to one link of a Number 
80 roller chain suspended immediately above the bale® To insure that 
the finger hooks all of the wires as it passes through the continuously 
moving bale* the linear speed of the chain is 22 inches per second® The 
four inch finger profrudes into the bale far enough to pick up any wire 
that may have slipped from the edge of the bale ®

As the finger moves across the bale, it gathers all the wires, 
folding them at the point of contact and pulling them between two 
rotating rollers® The rollers as shown in Figure 14 are two smooth steel 
cylinders seven inches long and six inches in diameter® Both are driven 
at a surface linear speed of 33 inches per second or 1 1/2 times the 
speed of the finger® One roller is stationary while the other is spring 
loaded against it providing pressure on the wire once the finger has 
passed between the rollers® The shape of the finger (Figure 15) provides 
a means of collecting all wires at a point one inch from the bottom in
suring the placement of the wires at a point near the center of the 
rollers® After passing through the rollers the finger enters a box shaped 
funnel which guides the wire coming through the rollers® The rate of 
movement of the wires is now accelerated to that of the surface speed of 
the rollers, forcing the fold of the wire to advance ahead of the finger®, 
To provide positive removal of the wires the top of the funnel is sloped 
gently downward to force the wire down and away from the finger®
Figure 16 shows the finger passing through the narrow slot in the sloping 
funnel top® The wire is pulled from the bale and forced out through the
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FIGURE 13. Steel Finger in the Home Position.
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FIGURE 14. Rotating Steel Rollers.
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D I R E C T I O N  OF T R A V E L

T H R O A T

Figure 15. Shape of Steel Finger.
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FIGURE 16. Wire Guiding Funnel.
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funnel by the continuously rotating rollers6 From this point the tie 
wire may be gathered and conveyed to the winding mechanism.

Sequence of Operation
Timing is of the utmost importance to the successful operation 

of the automatic wire removing machine. The sweep ©f the finger must 
not be initiated until the wires ate cptvand it must complete its sweep 
before the end of . the moving bale has passed beneath the chain. Figure 
17 is a diagram showing the electric circuit used to control the sequence 
of Operations of the various components of the machine. After the main 
line switch is closeds the sequence is begun by the closing of two 
momentary switches, 62 and S4* The switch S2 and a tripping lever are 
suspended over the drag 50 inches in front of the cutter bar assembly,
When a moving bale on the hay drag swings this first lever up the switch 
is not closed. However, when the bale has passed, the down awing of the 
lever closes the switch. The impulse through this switch energizes the 
ready relay, Kl, The second switch S4 and tripping lever are suspended 
six inches behind the cutter bar assembly. The cutter must cut the wire 
at least six inches behind the. front of the bale to eliminate the possi
bility of cutting the knots which could leave small pieces of wire in 
the hay. This second switch also closes by travel of the lever in only 
one direction. In this case the switch is closed as the front of the 
bale swings the lever up. The impulse from this switch energizes the 
start relay, K2, which does two things. First, the solenoid valve actuates 
the hydraulic cylinder which puts the cutter bar in motion, (During the 
field tests an indicator lamp was used to signal the start of the manually
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controlled hydraulic cylinder.) The start relay, also initiates the 
cycle of the steel finger by engaging the magnetic clutch. The finger 
travels one complete cycle, returning to its home position and opens 
a third momentary switch S6 which disengages the magnetic clutch and 
stops the finger. The mechanism is then ready to repeat the complete 
operation when another bale comes into position.

Two relays are employed to insure only one cycle of the machine 
per bale. The 56 inches between switches S2 and S4 guarantee that the 
ready relay Kl is energized before the second switch S4 is closed. The 
mechanism will not start unless the ready relay is energized before the 
start relay K2 received the impulse from the second switch. If the 
ready relay were not used,the start relay could be re-energized and start 
the mechanism by the tripping lever detecting a depression in the hay. 
Under the present system the ready relay can only be energized by the 
tripping lever as it swings down off another bale. Both the ready relay 
and the start relay are de-energized by a fourth switch S3 which is opened 

momentarily by the steel finger in its first four inches of travel.
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S3
NC

S4
no'

S5
NC

S6
NCNO

K2A|  
NO f

K2B
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2 2 0  V 
AC

KIA
NO

K3A
NO

K4A
NO

K2 K 3 K4

♦12 V I U J ‘ L r 7 4 T N O  - ' 2  V

Mechanically Actuated Switches Relay Actuated Switches
SlA Main line KIA Ready
SIB Main line KlB Ready
S2 Rear bale trip K2A Start
S3 Finger advance K2B Start
S4 Front bale trip K3A Hydr. solenoid control
S5 Cylinder home K4A Magnetic clutch
S6 Finger home K4B Magnetic clutch

Figure 17. Diagram of the Electrical Circuit
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FIGURE 18, Sequence of Operation Start Position

FIGURE 19. Knife About to Penetrate Bale.



FIGURE 20. Cutter Bar Extended, Wires Cut

FIGURE 21. Steel Finger Sweeping Across Bale.
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FIGURE 22. Wire and Finger Entering Rollers

FIGURE 23. Folded Wire Being Ejected.



EVALUATION AND CONCLUSIONS

The mechanism was designed to handle bales 16 inches high,
20 inches wide and 48 inches longo No adjustment is necessary to 
compensate for variations of bale width« The machine can accommodate 
bales of any height because adjustments may be made with the tele*- 
scoping legSo The limiting factor in adapting to various bale sizes 
is minimum length. The length of bale that can be handled is con
trolled by two factors.

The primary controlling factor is conveyer speed. The finger 
must pass through the bale after the wire is cut, and before the bale 
passes beneath the chain. The finger can sweep through a short bale, 
picking up the wire if the conveyer speed is slow. An increase in 
conveyer speed necessitates a longer bale. The second controlling 
factor is determined by the design. By reducing the distance between 
the cutter bar assembly and the chain, shorter bales may be handled.
If the conveyer speed is ten feet per minute, the machine cannot handle 
bales shorter than 37 inches in length. This 37 inch minimum length 
requirement was obtained by summarizing the following: Twenty-six
inches, which is the distance between the cutter bar assembly and the 
chain; six inches, the distance the bale extends beyond the knife; and 
five inches, which is required to insure that the finger hooks all of 
the wire ,-

36
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To facilitate shorter bales the 26 inch dimension may be re
duced. However, a minimum distance between the cutter bar assembly 
and the chain must be maintained to prevent the loose ends of the wire 
from slipping past the finger, rather than folding around it.

Effective cutting can be obtained with the cutter bar assembly 
that is presently employed. Preliminary tests disclosed the need for 
rapid travel of the cutter bar to utilize impact and shear in cutting 
the wires, rather than shear alone. As would be expected, the cutting 
surface of the teeth will require some hard-facing or conditioning to 
maintain a sharp cutting edge. "

The finger must be long enough to catch all of the wires as it 
sweeps across the bale. Additional length is desirable to insure catch
ing any wires that may have slipped from the edge of the bale. But, 
additional length of the finger in the bale increases the drag, and this 
tends to tip the finger back, allowing the wires to slip off. Fingers 
from two to five inches in length were tested and the four inch finger 
was found to be the most effective. However, these test results may 
have been affected by the type and the condition of the hay encountered.

The spring loaded rotating rollers provide a positive system 
for pulling the wires from the hay bale. It may be desirable to coat 
the steel rollers to reduce the noise.



SUGGESTIONS FOR FUTURE STUDY

Some investigation is still required before automatic 
removal and disposal of tie wire from baled hay will be com

mercially feasiblee Some of the possibilities for future in
vestigations are enumerated below a

lo Investigate the possibility of a mechanically powered 
cutter that will allow the elimination of the hydraulic 
pump and cylinder,

2e Develop a mechanical wi#e winder that can be coupled 
with the cutting and' removing mechanism to form a 
complete mechani.eal wire cutter s remover9 and con
solidating unite.

3, Investigate the alterations necessary to include the 
handling of twine tied bales,

4, Shorten existing mechanism to facilitate the handling 
of shorter bales such as straw and oat hay,

5, Investigate the possibilities of incorporating in the . 
system a mechanism which will detect any tie wire left 

on the hay bale.
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