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Considerable use is now being made
of recording simultaneously the in
stantaneous values of draft or torque
and ground speed to obtain more
accurate estimates of the power re
quirements of farm implements in
various field conditions. From these
recordings or traces, average values
are determined and the horsepower
calculated.

The tracing pens of these recorders
may be actuated by mechanical, hy
draulic, or electrical means. The elec
tric pen motors or galvanometers,
however, must have a high frequency
response in order to follow the fast
varying signal of draft or torque and
tor this reason an oscillograph is re
quired. In addition to draft and
ground speed, this equipment can be
used to measure pressure, vibration,
velocity, acceleration, displacement,
and such other phenomena as may be
useful in research or evaluation. The
devices to convert these physical prop
erties into appropriate electrical sig
nals are termed transducers.

TRANSDUCER TYPES AND

SELECTION

There are two distinct types of
transducers. One is the differential
transducer which modulates the cir
cuit voltage by induction. The strain
gauge transducer on the other hand,
modulates the circuit voltage by a
change in the circuit resistance. The
differential transducers can sense only
displacement but can be used to de
termine velocity and acceleration by
differentiating the output. They can
also be used to measure other physical
values such as pressures, draft, etc. by
detecting values of strain in devices
that suitably react to appropriate
physical changes. The most popular
means to sense these values of strain
however, are with bonded strain
gauges. The unbonded strain gauge
may be used but due to difficulty in
fabrication it is limited to commercial
types of transducers.

In the selection of bonded types
of strain gauges the following points
should be considered:

1. The amount of electrical output
for the physical input (gauge factor)
should be large.

2. "Gauge factor" should remain
constant for desired "life" of the
transducer.

3. Bonding of gauges should be
relatively simple.

4. Stability of the bonding medium
should not alter for the desired "life"
of transducer.

5. Moistureproofing should be sim
ple and effective.

Bonded strain gauges may be classi
fied in two types — the etched or
metal foil type and the wire type.
Experience has indicated a greater
degree of satisfaction in performance
by the former type.

TRANSDUCER DESIGN

In the design of the transducer the
normal electrical circuit is a Wheat-

stone bridge in which there may be
one, two or four "active" gauges.
From "The Strain Gage Primer" by
Perry and Lissner (3), equation of the
unbalanced Wheatstone-bridge is
E0=E (RQ - E (Rg) 1.

(R,+R4) (R2+R3)
where R,, R2, R3 and R4 are the
resistance arms of the bridge, E is
the input voltage, and E0 is the modu
lated or output voltage.

As can be seen from this equation
the output voltage is maximum if
the gauges are all active (four) and
the resistance in each arm varies as
follows: . i

r, + A R,; R3 + A R3; Ra-
A R2; and R4 - A R4- that 1S>
if R, and R3 are in compression and
R2 and R4 are in tension.

If only R, is active then equation
1 becomes E0 = E (R,) — C

(R,+Rc)
and E0 is one quarter the value of
that in equation 1 where all four
gauges are active.

In addition, it can be seen that E0
will be at its maximum value when
the strain in the sensing device ap
proaches the yield point. The yield
point must not, of course, be exceeed-
ed as the strain to stress relationship
would no longer be linear. The yield
point, however, may be greatly in
creased by suitably heat treating an
alloy or H grade of steel.

Serious consideration is required in
the design of a transducer for tem
perature compensation. From Equa
tion 1 it can be seen that the Wheat
stone-bridge is temperature compen
sated if all the gauges are affected
equally by change in temperature.
This may be most readily accom
plished by bonding the gauges in
close proximity on the same piece of
material. The most popular configur
ation of a transducer to suit these
considerations is the C and O type.

Fig. I. "C" & "O" Type Transducers

It can be seen from Figure 1 that
the stress developed in the outer part
of the C transducer is dependent on
the direction of the applied load but
it is always opposite to the stress de
veloped on the inside of the C. The
direction of the stress changes for a
change in direction of the load. The
O type develops two tension stresses
and two compression stresses on the
inner surface of the O which, of
course, reverses for a change in direc
tion of the load. As the four "active"
gauges may be mounted on the inside;
the O type transducer provides more
mechanical protection to the gauges
and as such is more satisfactory for
field use.

For example, in the design of the
transducer it is desirable to obtain as

high a yield point as practical. An
alloy of H steel, SAE 4140, was select
ed which had an "as received" Brinell
hardness of approximately 275. After
appropriate machining the transducer
was heat treated which raised the
surface hardness to a Brinell of 510.
As it was not possible to determine
if the heat treat was uniform throueh-



out, it was necessary to assume the
"average minimum" hardness was
Brinell of 430. From the SAE Hand
book the ultimate strength for a steel
with a Brinell hardness of 430 is ap
proximately 127,000 p.s.i. The yield
point is given as 78% of the ultimate.
The minimum yield point of the
transducer after heat treat, therefore,
was 107,000 p.s.i., or more conven
iently 100,000 p.s.i.

The maximum stress on the inner
side of the O transducer is given by

S = P x K 2.

where P=load, A=cross sectional
area unload, and K=stress concen
tration factor or raiser.

From the "Formulas for Stress and
Strain' by R. J. Roark (4) when
h = .67 K = 4.37. If d of the trans-

<r
ducer is assumed to be 4 inches
and the thickness is issumed to be
11/16 inches then h = .67 X 4 = 2.68
inches and A = 2 X (h—d) X 11/16
= .935 square inches and therefore,
P = 100,000 X -935 = 21,400 pounds.

~~4J7

After installation of the gauges the
transducer was appropriately loaded
and using one of the four gauges the
peak strain was determined. This oc
curred on the inner edge of the ring,
90° from the centre of the O from
the direction of the load. The stress
level was calculated using a modulus
of elasticity of 30 X 1°"- The stress
developed for an equivalent load of
21,400 pounds was 114,000 s.p.i. This
indicated a slight error in the value
assumed for the stress concentration
factor.

Therefore,
K (corrected) = 114,000 X -935

21,400
= 4.98 or 5

and therefore,

P = 100,000 X -935 = 18,700 lbs.

which is then the maximum load for
this particular transducer. In order
to prevent inadvertent damage to the
transducer, the usual working loads
are limited to 10,000 pounds for this
transducer.

Using the above formulas, O type
transducers in other ranges can be
readily designed. In Figure 2 are
shown a 500, 5,000 pound transducer
as well as the 10,000 pound transducer
discussed here.

Fin. 2. Draft Transducers.

APPLICATION TO FARM

MACHINERY TESTING

The bonded strain gauge is without
parallel for use in determining the
draft of sell-propelled implements
such as swathers and combines. In

this case a shaft in the traction drive
becomes the sensing device and on
which the gauges are bonded. The
strain in the shaft due to the torque
is detected by the gauges. The circuits
to the Wheatstone-bridge are made
through a four-circuit slip ring as
sembly of special design. Unfortunate
ly, the design of these transducers does
not permit as much latitude as with
the draft or pull type as it is usually
necessary to use the shaft that is pro
vided with the implement. If the shaft
is greatly overdesigned for its load,
it may be necessary to reduce the
cross-sectional area of the shaft to

raise the stress level. In general, how
ever, this is not a problem.

In the determination of power re
quirements of towed farm imple
ments, only the value of the hori
zontal component which is in line
with the direction of travel is re

quired. The vertical and side forces
between implement and tractor are
parasitic and do not have any effect
on the power requirement. As the
angle of the "line of draft" with the
vertical is sometimes large, it is neces
sary to determine this angle in order
to calculate the horizontal compon
ent. In Figure 3 the "line of draft"
or resultant line is the line between

the centre of the pin in the ball bear
ings and the centre of the horizontal
pin in the clevis of the cultivator. As
it is difficult to record the instantan
eous values of this angle, the draft
fixture in Figure 3 is required so that
the vertical component is eliminated
and only the horizontal component is
sensed by the transducer. It can be
seen that the vertical component is
carried on the two ball bearings of
the single plane draft fixture. This
particular draft fixture was found to
be quite satisfactory for all imple
ments in which the centre of resist
ance and the centre of pull was in
the direction of travel such as culti-

vators. This does not apply to the
offset type of implement.

f Jto
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Fig. 3. Single Plane Draft Fixture.

The resultant force applied to the
tractor from a one-way disk and one
way disk harrow is not only at some
angle to the horizontal plane, but
could be as much as 15° to the vertical
plane or the direction of travel. The
problem here was the same as with
the cultivator, except that two angles
had to be determined instead of just
one. A second type of draft fixture
was designed to eliminate the vertical
and the side force components. This
made it possible to measure only the
component in the plane of the trans
ducer. In Figure 4 the "line of draft"
in the horizontal plane will be paral
lel to the drawbar of the tractor if
the drawbar is free to pivot. The
plane of the transducer is in the di
rection of travel.

r

Fig. 4. Multi-plane Draft Fixture.

An exploded view of the multi
plane draft fixture in Figure 5 indi
cates the mechanics of this device.

The side and vertical forces are

carried by a special ball bearing. The
shaft is free to slide in the plane of
the fixture but is normally resisted
by the transducer. The moment ap
plied to the shaft is resisted by two
small bearings.

The plate on the bottom of the
bearing housing provides for adjust
ing the plane of the transducer to
parallel the direction of travel of the
tractor. For extremely accurate meas-

Continued on page 18



At 54.5° and 79.0° F. the evapora
tion from treatment 1 did not differ
significantly from the corresponding
check. The inability of this low rate
of application to maintain an evapor-
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Figure I. Effect of a monomolecular film of cetyl
alcohol on evaporation, and significant differ
ences between treatments, at four water tem
peratures. (Any two means underscored by the
same line are not significantly different at the
b% level.)

ation retarding film was attributed to
an evaporative loss of the cetyl alco
hol and the fact that there was little
or no excess material available for

film replenishment. Treatments 2 and
3, at 54.5°, 67.0°, and 79.0° F., were
significantly different from their re
spective checks although not neces
sarily from one another. Treatment
4, the maximum rate employed, pro
vided a significantly greater reduction
in evaporation than did all other
treatments at the above temperatures.

The evaporation reduction effi
ciency of each treatment at each water
temperature is shown in Figure 2.
Although the difference in efficiency
of comparable treatments at water
temperatures of 54.5° and 67.0° F.
was not great, there was a marked de
crease in efficiency for all treatments
at 79.0° F. This lower efficiency oc
curred despite the fact that almost
twice as many applications of cetyl
alcohol were made to the pots held
at 79.0° F. than to those held at 67.0°
F.
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ure 2. Percentage evaporation reduction by
treatments at three temperatures.

CONCLUSIONS

Fig

P

four

The amount of evaporation occur
ring at 41.5° F. was too slight to be
of practical concern. Application of
cetyl alcohol had no significant effect

upon evaporation at this temperature.
At all other water temperatures stud
ied, high rates of treatment applica
tion were more effective than low
rates. As water temperature increased
beyond 67.0° F., the efficiency of all
treatment rates declined. In order to

compensate for the higher water tem
peratures occurring during midsum
mer, heavier and more frequent treat
ment applications would be required
to maintain evaporation control at a
practical level.
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Multi-plane Draft hxture.

urements the drawbar of the tractor
should be pinned so that the normal
soil variations and resulting changes
in the line of draft will not move the
plane of the transducer from the
plane of the direction of travel. For
most work, however, this is not neces
sary as the error introduced is small
and for small angles can be readily
ignored.

An electronic integrator is an ex
tremely valuable edition to any draft
recording system, especially in the
measurement of torque which may
have one or more peak values per
revolution. Any time base may be
selected for the limits of integration
up to the maximum capacity of the
electronic counter (upper rack Figure
6). For draft measurements a ten-
second time base has been selected as
an estimate of the reaction time of
an operator to an overload condition
of his tractor.

The integrator operates on the
principle of converting the voltage
(lower rack Figure 6) applied to the
pen of the ascillograph to an oscillat
ing voltage which is then fed to the
electronic counter. As the frequency
of oscillations is directly proportion
ate to the pen voltage (pen deflec
tion) the count is then the integration
or summation of the area under the
curve drawn by the pen.

Fig. 6. Integrator.

SUMMARY

The use of transducers provides an
extremely accurate method for deter-

Con+inued on page 29
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CONCLUSIONS

Except for the bulb failure men
tioned, which would likely not hap
pen unless the bulbs were disturbed,
it would appear that heat lamps are
quite satisiactory as a means of pre
venting livestock watering tanks from
freezing. It is significant that, al
though the outside temperatures may
vary from 40-50 degrees F. within a
day or two, the water temperature
changes but very slowly. Using tanks
and heaters similar to those described

temperatures would need to be well
below zero for several days before
ice might be thicker than livestock
could break. Current consumption
will not be excessive if tanks are prop
erly insulated and properly managed.
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mining power requirements of farm
machinery. If it is necessary to meas
ure torque such as in self-propelled
equipment, it is the only successful
method. The necessary amplifiers and
oscillograph are unfortunately quite
expensive, however, due to their ex
treme flexibility they can be used
for many other measurements than
draft and torque. A large number of
functional characteristics of farm ma

chinery can be recorded in like man
ner to draft, such as depth of tillage
and resulting soil tilth or density. The
limitation is in the design of suitable
transducers. As the scientific testing
of farm machinery progresses, these
transducers will be developed.

The electronic integrator is an ex
tremely useful addition to the re
cording equipment for extending the
evaluation of not only draft and
torque, but all measurements of phys
ical phenomena as can be converted
by a transducer.
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The pigs in the litter appeared
healthy but it could not be con
cluded that they were in better
health than pigs in the main far
rowing barn. They were observed
outside in the gilt exercising area
on different occasions, particularly
when the sun was shining.

2. Cleaning out operations in both
units were difficult due to the
design of the structure and limited
space available.

3. Handling of small pigs for inocu
lation, vaccination, notching, etc.,
required the operator to work in
very close quarters.

4. Water had to be warmed and
placed in an individual trough for
sows in each structure. Ice forma
tion was encountered which re
quired melting with resulting ad
ditional labor in caring for the
sow and litter.

An individual unit would not war
rant expenditure in an electrically
heated water bowl.

CONCLUSIONS

1. Portable farrowing units of the
type tested are superior to many
existing farm buildings which are
used for farrowing sows but are
inferior to a properly designed and
equipped farrowing barn.

2. Units of this design will provide
economical housing for a farmer
raising a few litters per year, par
ticularly if farrowing is planned
during the summer months.
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3. Outside temperatures during win
ter farrowing were in the range
of 5° F. to 9° F. Inside tempera
tures during the same period were
76° F. to 84° F. The minimum de

sired temperature in a farrowing
barn is 60° F. Based on the results

obtained so far, it is not feasible
to operate these units at tempera
tures below 0° F. Much lower tem

peratures are frequently experi
enced during the winter months
in Manitoba.

4. The nervousness and hyper excit
ability of some sows made it im
possible for one man to manage
them.

5. Piglet losses due to freezing is a
problem, especially in the unin
sulated units. No conclusions can

be drawn from the one litter far

rowed in the insulated unit.

6. Some change in design may have
to be made to facilitate cleaning
(a smalt door may be the answer).

7. Some of the smaller sows were able

to lie with their back to the hover

area. (A change in design may be
of some advantage.)

8. A thermostat would be desirable
to control hover temperature.

9. Two of these portable farrowing
units were constructed and used
at Iowa State University. The gen

eral feeling at Iowa State was that
the portable unit provided rather
satisiactory shelter when compared
with other individual units.
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