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Jan, E.Z. and Yeager, T. 1990. The Melfort bale sampler: A self-un
loading power sampler. Can. Agric. Eng. 32:331-334. A
self-unloading power sampler for obtaining hay or silage bale core
samples has been developed. The coring tool is a 1 m long, 32 mm
diameter rotating tube mounted on a carriage riding on horizontal
tracks. A core is drilled on the forward stroke of the carriage and the
core sample is pushed out of the cutting end of the tube by a stationary
rod extending the length of the tube when the carriage is retracted. A
hole saw welded to the end of the tube forms the coring head. It can be
repeatedly sharpened as required. The device is powered by two
electric gear motors and the operation is controlled by two switches,
one for linearand one for rotationalmovement.The sampleris able to
operate in dry hay, silage or frozen silage. Total time for taking a
50-100 g sample is approximately 30 s.

INTRODUCTION

For the purpose of determining the moisture content and qual
ity of baled hay or silage, the general practice has been to
sample the bales with a corer in order to obtain a representative
sample.The "Penn State Forage Sampler" (Scientific Systems,
Inc., 1120W. College Ave., State College, PA 16801,U.S.A.)
has longbeen used in samplingrectangular hay bales.The unit
consists of a 25 mm stainless tube, a tapered cutting tip with
finely serrated teeth and an adapter for use with a portable
power hand drill. The unit can also use an extension to reach
the center of large round or square bales. The simplicity,
portability and low cost have led to its wide acceptance.

However, the coring tip of the Penn State samplerrequires
frequent replacement, and unloading requires removal of the
tube from the adapter and pushing the core with the rod from
the sharp end. Using a guarded push rod can avoid cuts to the
hands from thesharp cutting edge, buttheincidence ofdamage
to thecore head increases due to the guard hitting thecutting
edge. Considerable physical effort is required both in coring
and unloading the sample. On occasion a complete sample is
impossible to obtain due to insufficient torque on the hand
drill.

Kernan and Dyck (personal communication, Jack Kernan,
Saskatchewan Research Council, 15 Innovation Blvd., Saska
toon, SK, S7N 2X8) designed andbuiltanimproved coring tip
which was hardened andresharpenable. Thetipis tapered and
grooved with a ball nosed slot drill. Resharpening is accom
plished witha round file. The design is available in twosizes,
21 mm and 51 mm, for coring hay and straw bales, respec
tively.

The Star Uni-Forage Sampler (Star Quality Samplers,
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5719 -114 A Street, Edmonton, AB, T6H 3M8) has a cutting
tip which is wave edged and resharpenable. This sampler is
similar in design and the cutting tip is exchangeable to the
Penn State sampler.

McLaughlin (1974) designed an inexpensive manual coring
device for sampling in the field where 110 VAC power is not
available. The unit has a twist-lock plunger and bit assembly.
The plunger has a longer arm than the bit so that the cored
sample can be pushed off the cutting end by the plunger once
it is unlocked from the tube bit. He also reported that the sharp
smooth cutting edge was found to be most effective in cutting
hay bales.

In the design of a manually operated tool for sampling hay
bales in stacks, Alexander et al. (1969) used a coring tube with
a non-serrated mild steel cutting tube which required frequent
sharpening in the field with a sharpening jig. A port is opened
at the bottom of the tube for unloading without removal of the
tube from the adapter. Johnson et al. (1977) developed a power
hand sampler with a shear action at the cutting tip for coring
large stacks of loose hay. The corer consists of two concentric
tubes with cutting teeth, one rotating and one stationary. The
manually operated samplers reported in the literature all re
quire physicaleffort to core and unload the samples, and are
slow to operate.

In conducting large scale forage harvesting tests such as
round bale silage, a short sampling time period is required in
order to avoid quality deterioration. A self unloading power
sampler, named the Melfort Bale Sampler after the Agriculture
Canada Research Station at Melfort, Saskatchewan, was de
signed forrapid sampling with verylittle physical effort (Fig. 1).

The new bale sampler was developed based on the follow
ing design goals:

1. Obtaininga representative sample and automaticself
unloading of the cored sample.

2. Minimalphysical effort and ease of operation.
3. Use of locally available components.
4. Reasonably low cost.
5. Reduced sampling time.
6. Easily resharpenablecutting tip.

DESCRIPTION

The Melfort Bale Sampler consists of a corer with a rotational
drive mounted on a carriage with a chain drive to provide
linear movementto the carriage (Fig. 2a).
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Fig. 1. Coring and unloading round bale sample with the Melfort bale sampler.
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Fig. 2. Details of the Melfort bale sampler.
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Corer and the rotational drive

The corer and the rotational drive mounted on the carriage are
shown in Fig. 2b. The coring tube consists of a 32 mm nominal
diameter electrical conduit (35 mm I.D., 39 mm O.D.), 1 m
long. The cutting edge is formed from a 38 mm hole saw (trade
size, 34 mm I.D., 38 mm O.D.) with the back cut off and butt
brazed to the tube. The teeth are filed to a 45 degree face bevel.
A flange with 5 degree bevel is fitted and welded over the end
of the coring tube for mounting to the drive unit. A hollow
drive shaft is made with a 60 cm long 25 mm nominal diameter
standard pipe (26.6 mm I.D., 33.4 mm O.D.). A sprocket and
hub is machined to fit over the pipe to which it is welded. The
pipe is mounted to the carriage with two bearing blocks. A
flange welded to the front end of the pipe is used to accept the
corer. The corer is mounted to the drive flange with spring
loaded bolts to allow some angular misalignment (Fig. 2b).
The coring tube is driven at 154 RPM by a 0.34 kW electric
gear head motor mounted on the carriage.

Linear drive

The carriage is mounted on two pairs of rollers which roll
inside the inverted barn door tracks (Fig. 2). The tracks and
their braces make up the chassis of the machine which is
mounted on a four-wheel trailer. A second 0.34 kW gear motor
mounted on the rearend of the chassis and a simple chain drive
mechanism provides 10 cm/s linear motion for the carriage
along the tracks forcing the rotating corer into the bale. By
reversing the direction of the motor, the linear movement of
the carriage is reversed, retracting the corer from the bale. A
spring loaded chain tightener is used to take up the slack
during operation.

Self unloading mechanism

A 25 mm diameter rod, mounted at the rear end of the chassis,
extends through the drive tube and into the corer to 38 cm from
the front end of the chassis. The rod provides support to the
corerbefore it enters the bale and expels the collected sample
from the tube as it retracts.

Controls

A single pole, single throw switch is used to control the motor
whichrotates the tube. A double pole, double throw,centeroff
switch controls the motor for forward-retract motion of the
carriage. In this switch, one pole controls the running coil of
the motor "on" and "off and the other pole controls the
starting coil through a double pole, double throw relay. The
cross coupling of contacts of the relay determines the direction
of rotation. A safety limit switch is mounted at the rear to
prevent the carriage from over travel during retraction.

Operation procedure

The trailer wheels are blocked to prevent movement during
coring. The bale is hauled to the sampler with a front-end
loader. The operator moves the coreragainstthe baleandturns
on therotation switchwhen the cuttingtip presses against the
bale. After the tube reaches the required depth, the carriage is
retracted and the sample is compressed and then pushedout of
the coring tube into the sample bag or a container.The rotation
switch is left on during retraction andturnedoff just beforethe
tube left the bale. Rotation facilitates easy removal of the tube
from the bale.
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RESULTS AND DISCUSSION

The peak current draw is less than 15 A at 115 VAC which can
be provided by standard duplex receptacles. In the field, a 15
A DC-AC power converter and an automotive battery or a
portable generator can be used to power the unit. A core
sample of 50 g dry matter can be completed in 30 s with little
physical effort. Hay bales or silage bales can be cored 1 m deep
in one stroke. However, in the case of hard packed bales, the
rotational drive motor did not have sufficient torque and
stalled during coring. This required backing off to restart the
rotation and then moving forward again. Similarly unloading
the sample in this situation required more than one attempt.
This limitation of torque was purposely designed to avoid
corer breakage in case of excessive angular misalignment.

The hole saw chosen for the cutting tip is 1 mm smaller in
diameter (I.D. and O.D.) than the coring tube which has the
same wall thickness. Butt brazing the hole saw to the coring
tube left a smooth transition between the two outside diame

ters, and a 0.5 mm ridge on the inside. This did not present a
problem to the power unloading of the sample. The corer was
designed to be easily replaceable, and the tip sharpening can
be easily accomplished on the machine. In one incident, the
corer struck the grapple fork embedded in the bale and the tip
was manually resharpened in 15 minutes using a file.

In the earlier design, where the corer was rigidly mounted
to the drive flange, frequent breaking of the tube at the joint to
the flange occurred due to a large cyclic bending stress during
rotation when the coring tip was not in line with the drive shaft.
The 5 degree conical flange and spring loaded bolts allow an
angular misalignment of the corer and the drive shaft while
transmitting torque. The coring tube is supported by the push
rod prior to entering the bale, and thus the flange assembly
does not have to transmit a bending moment.

It is necessary to press the coring tip against the bale before
rotating the corer; otherwise, the teeth tend to grab on one side
forcing the coring tip away from the center line of the power
drive at the moment of contact with the bale. Also coring in a
direction toward the center of the bale is recommended. Cor
ing along a chord results in plant stems not being
perpendicularto the cutting tip, and excessive lateralpressure
is applied to the corer due to the tendency for the tip to slide
along the stems rather than cutting through them.

Although Alexander et al. (1969), Warboys and Pizano
(1970), and McLaughlin (1974, 1978) used a smooth cutting
edge, the toothed hole saw with a 45 degree face bevel used in
this machine performed well. It was probably due to the high
pressureof the corer against the bale, as well as the high torque
rotating it. It was observed that the teeth pulled the hay instead
of cutting it if the corer was turning before pressing against the
bale. However, with cutting teeth and sufficient power, speed
iercoringresulted.Due to its looseness,an 83 cm long sample
is compressed in the tube during the early partof retraction to
about 13 cm. The compressed sample is pushed out of the tube
when the tip is about25 cm away from the baleallowingspace
for collecting the sample.

All the required hardware was purchased from the local
agricultural service center and the lumber yard. The electrical
parts were ordered from a larger service center. The total cost
of parts was $600.
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