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MRR.672 - An Electrical Conductivity Instaoment for Carcass Fat Thickness Measurment

1.0 INTRODUCTION

Preliminary experiments durlng 1971 with electrical
conduct1v1ty probes. showed that it was, possible to estimate
fat thickness on hot beef carcasses in about 70% of cases to
within + 3mm (0. 118”) and on chilled carcasses in about 70%

. of cases to. w1th1n + 2mm (0.08%). This early. work 1nd1cated

. that factors such as the position of the electrode relative

_to the tip of the probe, the number of electrodes and their
disposition along the stem of the probe, and the speed of
probe traverse. were of importance in obtaining accurate and
consistent results. : «

These factors were taken into consideration when an
improved fat thickness instrument was required for a carcass
classification project under the direction of the Australian
Meat Research Commlttee., Design and construction of the

"1nstrument_commenced in April 1972 and the proving tests
reported here were carried out in early June 1972. The
instrument was supplied on loan to the Australian Meat Board
on the 19th June, 1972.

2,2 DESCRIPTION OF INSTRUMENT

The ingtrument cem prl ses a hand held probe assembly and
vcontrol box. The unit is operated by pressing the end plate
firmly against the carcass fat surface and operating a trigger
which causes the probe to be driven into the fat. A direct

, read-out (in mm) of the fat thickness is displayed on the |
"control box when the probe electrodes pass through  the fat-
lean interface. The instrument then automatlcally resets

itself for the next measurement.

2,1 PROBE:

Probes are constructed of stalnless steel tublng, outt
side diameter 1.78mm (0.0797) and inside diameter 1.32mm
(0.052"), attached to a BC type plug; two conductivity elec-
trodes are formed by 0.33mm (0.013") diameter stainless
steel wires running down the centre of the ‘tubing and
brought out into two slots (drawing number 1202). The tubing
is filled with epoxy resin (araldite D and hardner HY956) to

. insulate the wirés and to set the electrodes in position.
The electrodes thus appear as two 0.33mm (0.013%).diameter
metal spots surrounded by araldite insulation; they are locat-

ed diametrically opposite on the probe stem and their centres

are separated by a distance of 2mm, measured: along the long
axis of the probe. A stainless steel p01nt is attached to
the tubing, the distance between the tip and the first elec-

" trode being 19mm (0.75%) (drawing number 1202). 'A BC type .

" socket attached to the drive nut enables the probe to be
easily connected (plate 1).. The electrodes are electrlcally
connected in series and the electronlc circuit (drawing

dcdnumber 1203) is arranged so that both electrodes must be’ in
- .a zone of hlgh ¢onductivity in, order to-- =“*ldatc the stop

and “reversé mechanism.
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2.2 DRIVING MECHANISM:

“The probe is traversed into or out of the carcass at a
constant speed of approximately 10mm (0.4") per second by i
operation of the nut and lead screw driven from the geared DC
motor (Monoperm Super Motor, with Richard Gearbox) (plate 1).

Probe speed can be altered by variation of the gear box ratios. ®
A number of mic¢roswitches (Omron VV-15-1A) are fitted to control
the driving mechanism (drdwings number 1201 and 1203). Pressing

the trlager actuates m1crosw1tch 5 and starts the motor; the
nut with the probe attached moves forward, and continues to
move until either the nut trips the limit sw1tch (microswitch 1)
or the electrodes detect a 81gn1flcant incréase in conductivity.
In either case, the motor is stopped and automatically reversed
'brlnglng the nut back to the start, at which p031t10n it trips
the reset switch (microswitch 4) and the motor is stopped.

There is then a five second dclay until a lamp on the control
box indicates that the next traverse may be started.

2.3 DISTANCE SENSOR:

The distance the probe has entered the carcass i1s measured

by counting the number of revolutions of the lead screw. A
vane is attached to the lead screw, one count being registered

each time the vane passes'between'aQreed switch (Hamlin MRLnDT)
~and a magnet. The lead screw has a pitch of 1lmm (0.039%),
~that ‘each revolution represents a 1.0mm lateral movement of the &
nut and probe.  The count from the reed switch, correspondlng '

to the maximum forward dlsplacement is stored and then display-

ed as a two digit number on numerlcal fluorescent indicator ®
tubes in the control box (plate 2). This read-out is held on

display until a similar position has been reached on the next

traverse, giving a new read-out. One other switch (microswitch

2, drawing 1201) is used to inhibit the reed switch from count-

1ng until the second electrode has moved to a p031tlon where

it is just emerging from the base plate. With the dimensions

used in the assembly described here, a maximum fat thickness

of approximately 28mm. (1.1") can be indicated.

2,4 CONTROL BOX .

Electrlcal conncctlons between probe assembly ‘and control
box are brought out from the lower end of the plstol grlp of the probe
”assembly, the probe connectlng wire is screened against pickup.
- The wires are enclosed in a flexible P.V.C. sheath and terminate
in a 12 pin plug which is inserted into a socket on the rear
panel of the control box (plate 2). Power supply- may be either ®
240V AC 50 Hz mains or 12V DC battery connected to socke+s on
the back panel and selected by a switch on the front panel. On
the back panel (plate 2) there are also two fuses and a multi- =~
way socket (Amphenol) allowing connection to an electrical data o
logging system. On’'the front panel (plate 2)in addition to
the power selector switch, there is an on-cff  switch, "Ready to
Operate® lamp, a panel cut out through which ‘the 1nd1cator tube
dlsplay may be viewed, and a reset button enabllng a dlsplayed
reading to be cancelled.
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2.5 ELECTRONIC MEASUREMENT, CONTROL AND.INDICATING CIRCUITS:

A series resistance circuit comprising a 2K2 resistor,
the conductivity electrodes of the probe, and a 4K7 resistor
wist formed between +5V and earth (drawing 1203). The voltage
developed across the UK7 resistor is dependent on the
conduct1v1ty of the medium in which the probe is placed i. e.,
.hlgh conductivity gives high voltage, and low conductivity
"gives low voltage. This developed voltage, the value of
which can be measured as indicated in Figure 2, is fed into
the 1nvert1ng input of an operational amplifier (type 741)
where it is integrated and compared with a reference voltage
generated in a 5K trim potentiometer. The reference volt-
age may be increased by turning the potentiometer screw
cleockwise and decreased by turning it anti<lockwise; its
value can be measured as indicated in Figure 2. When the
probe is -in fat, the developed voltage is lower than the
reference voltage and the output of the operational
~amplifier is +5V. When the probe is in lean, the developed
voltage exceeds the reference voltage and the output of
the operational amplifier is --4V. This output voltage is .
‘used ‘to actuate the control logic. '

2.5,2  'CONTROL:
@ IR N
In the “start” condltlon with the probe fully back in
® . its housing, the switches of relay Rl are set to glve forward
‘movement of the probe, and all other switches are in the
position shown in drawing 1203. At this stage the output
of the operatlonal ampllfler 1s +5V,

When nlcrosw1tch MS is actuated the charge held in. the
| 640 mfd condenser is fed via the dlode 2K2 resistor, and
t - transistor BFY 50 to operate the run relay The motor is
. energised and the probe starts its forward movement. A
| ~small forward movement of the probe causcs,mlcrosw1tch Mu
| to c¢hange over, thus maintaining motor energisation. - The
k probe continues to move forward until either it enters a
}. - pegion 6f high conductivity or it reaches the limit of its
| ‘ “forward movement, when the-drive nut trips microswitch Mil. -
| . When this happens, the output of the operational amplifier
| changes to =WV, causing the logic circuits to energise the
| "reverse" coil of relay R1l, thus reversing motor direction.
At the same time “one- ehot7 9603 sends a pulse which
actuates the indicating 01rcu1ts ‘ :
®
The motor, which has now reversed direction, drives the
:probe ‘back into its hou51ng until microswitch M4 is again
@ actuated, de=~ energlslng vun relay R2 and, via the logi¢ -~
?‘01rcu1try, energising the "forward" coil of relay Rl. The

|
|
|
|
) *°2,5,1° ' CONDUCTIVITY MEASUREMENT: -~ _» )
system has' now returned to the “start®-condition.
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~ 2.5.3..  INDICATING CIRCUITS: -

In the "“start” condition, the decade counters (type 9390)
are held in the reset (zero) condition. Operation of micro- #
switech M4 at the start of the forward traverse actlvates the
decade coudters._, .

)
' 'When the probe has travelled far enough for inhibit micro-

switch M2 to be actuated, the count reed switch M3 produces
pulses whlch are fed to the decade counters. When the ‘one-
shot® produces a pulse, the count existing at that moment is
transferred to the “stores’ and thence to the computer socket
and "decoder~drivers' for the indicator units. The stored
value is held up to the time that the next “one- shot“-pulse
occurs, ‘although the decade counters may have been reset to
zero 1n the meantlme : ,

3.0 ' PROCEDURE FOR SETTING AND_ADJUSTHENT OF INSTRUMENT'

. (a) Removal of the rear cover of the probe assembly gives
access to a switch mounted on the motor. o

(b) The probe is traversed forward in air, until both
electrodes are exposed:; further forward movemenL is stopped by
switching the motor switch to the centre (off) positlon.

(c) The probe is inserted into a carcass or a piece of
meat so that one electrode is in lean and the other electrode
is in fat. The probe voltage is measured as shown in Fig. 2. _ &

(d) The probe is then inserted so that both electrodes
are in lean and the probe voltage is again meéasured.

‘ (e) The reference voltage is measured as shown in Fig. 2 ®
and is ad]usted, using the trim potentiometer, to a value between

the probe voltage measured in {c) and that measured in (d).

To increase the reference voltage turn pot screw clockwise; to

decrease reference voltage turn pot screw anti-clockwise.

(f) The motor switch is returned to the forward run
position and the probe allowed to run until it returns to the
"start" position.

(g) . The .probe is operated normally, allowing the electrodes
to enter fat only. If the stop and reverse mechanism actuates, -
the reference voltage is too low and it is necessary to re-
adjust and test agaln

(h) The probe is operated normally, allow1ng the electrodes
to enter lean only. If the stop and reverse mechanism does not
actuate, the reference voltage is too high and.it is necessary
to readjust and test again. ‘ : _ S

4,0 EXPERIMENTAL. PROCEDURE:

Durlng 1n1t1al tests9 probc tra»crces were carrled out on
several hundred carcasses; several minor faults were corrected -
and operating procedures were established. With practlce, fat
thickness estimates could be made on up to 6 carcasses per .
minute - fast enough to keep up with the slaughtering rate on
the beef rail of most abattoirs.
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Control tests were carried out in June 1972, durlng

,whlch a “total of 135 measurements. were made on. 80 hot beef.
'carcasses, approx1mate1y 1 to 1% hours after slaughtepr. '

With the carcasses hanging vertically by the Achilles .

" tendon, traverses were made. horlzontally, and at right
’angles to the carcass surface, as near as possible to the

quarterlng cut which was normally made between the
eleventh and twelfth ribs. In some cases, several
traverses were made in the above horizontal plane, at
distances of 10-15cm (4-6") measured around the carcass
from the centre line of the backbone. Fat thickness

' varies considerably in this part of the carcass; after.

chilling and quartering, fat thickness can be measured by

~ruler in the vicinity of the traverse points without fur-
thér cutting. In most cases, the points at which traverses
"had been. m::ﬁn nnnnnwr‘ioﬂ to within 2.5cm {1") of +he qua,_ Lt:L-' -

'dlng cut.

IO R0 5400 WLTCIILNY £ (VA ’a U.L

5.0 RESULTS AND DISCUSSION:

The fat thickness in mm estlmated by probe (y) has
been pletted against the measured fat thickness Lﬁ mm {X)
in- Flg 1. A 11ne '
y = 9.04 + 0,91 (x)

drawn through ‘the p01nts is the line of best fit.

v A line is also drawn through the points at
y-=x + 8.0

The constant in the above equation (8 0) may be assumed to

represent the extent of surface and fat/lean interface
deformation by the probe as it is driven through the

carcass. This deformation may be expected to be greatest

on carcasses just following slaughter and to be least on
chilled carcasses, where the fat and 1ean have both ‘become
firm.

. From the 135 points plotted it was found that 70%.
were within * 2mm, and 84% within * 3mm of the line of best
fit; 16% were greater than * 3mm from the line, and 3 points
1ndlcated a probe estimate 7mm greater than the measured
fat thickness. In one carcass, the stop and reverse -
mechanism was not actuated, even though the electrodes were
known to have, entered the 1ean layer. In this case, and in

”others in which poor correlation was noted between the estim-

ated and measured fat thlckness, low values of lean conduct-
ivity (known  to occur in ‘high PH muscle) may have been
encountered. In one series of runs erratic probe readings
appeared to be due to smears of fat fouling: the electrode .
surfaces. . Occasional cleaning, about onceevery four .

.. traverses, was found to: éliminate. the varlablllty due to

this cause.

In considering the correlation between estimated and
measured values, it should be borne in mind that the measured
value is subject to error. It is obtained by placing a

ruler on the cut surface of the quarter carcass and measuring

the distance between the outer fat surface and the fat/lean
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interface. Under the most favourable conditions it would be
difficult" to measure this distance to better than * lmm; ;n a
crowded chiller measuremeénts would be less dccurate. It is
suggested therefore that part, at least, of the 1ack of close
agreement between estimated and measured values of fat thick-
ness, is due’ to the inaccuracies 1nherent in the method of
obtaining Lhe measured values

However, there rémain ‘the 16% of points in Fig, 1 which
represent differences between estimated and measured values of
greated than * 3mm and which canhot be explalned by measure-
ment inaccuracies.’ It is belleved that improVements in .
instrument operatlng technque may redice this percentage,. but
it is probable that in some 10% of traverses, unusual phy81cal
factors assdciated with the carcass will give rise to smgnlf-
icant differences between estimated and measured values. Low
conductivity in the lean, and inclusions of lean, or conducting
fluid, in the fat layers are more obvious examples of carcass
factors that could cause false instrument readings.

6.0 CONCLUSTONS:

(a) An instrument has been developed to estimate the thick-
ness of fat on hot beef :carcasses. . It operates on the
electrical conductivity principle; a prototype  instru-
ment has been found to be simple to operate and capable
of taking readings at the rate of 6/minute. Readings are
displayed on electronic tubes as 2 digit numbers and
connections are provided on- the 1nput of a data process-
ing computer. ' : ,

(b) :Duwlug extensive initial trials of the protbtype instru-~
ment its performance mechanlcally and electrically, was
very satisfactory.

(c) Using a constant correcting. factor it was possible to
= correlate estimated .values. of: fat thickness - (by -instru-
:-ment on the hot carcass) against measured values (by
~ruler on the chilled quarter). >
70% of estimated values were w1th1ﬂ 3 2mm.of measured
values; S : o
BU% were w1th1n i 3mm

(d) 16% of estimated values ‘differed by" more “than 't 3mm from
© measured values, It is probable that in many of these
“cases unusual carcass factors were respon31ble for the '
poor agreement. ' -

(e) ﬁResults from fleld trlals durlng the course’ of the
classification project should indicate the: rellablllty

and accuracy -of the instrument and indicate the. dlrectlon
for future development. e
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