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THE INTERCHANGEABILITY OF INSTRUMENTS
' USED TO MEASURE PEA TENDERNESS |

Peter W. Voisey

SUMMARY . -

fhe intéréhangéaﬁiiity éf 3 iﬁstfﬁﬁents ﬁas'investigated by varioﬁé_.
metﬁods.. Whiié pga.tendérometers ééﬁ be‘madevto read the same Witﬁin
close 1imi£s é'typical difference between 2 instruments is 8 T.U}
Ottawa Pe; Tenderometer cells show differences of 1.8 to 2.7 T.U. over
the part ofvthe-tenderﬁesé scale used to appiylmarketing égréements; The
Food Téchnology,Corp. shear compression cell appears té.have é similar
perforﬁénée but may be pfonelto_wéar changing its standardization.

Theré are thus machineé‘available éo repléce-the Pea Ténderometer
that can improve the degree of sténda;dization in measuring pea tendefﬁess

to establish the price paid for peas.



1.0

INTRODUCTION

Tt is a well-known fact that it is difficult -to standardize the F.M.C.
Pea Tenderometer (P.T.) The author's experience over a number of fears
(see*referepces‘in section 4.0) indicates that it is practically iﬁposgible
to;standérdize‘a.group of these iﬁstruments, particularly when they.are
digpersed over .a wide area. This is because of a) -the way the ipsﬁrumgnt

‘is :designed precludes making the.criticai;parts of all machines precisely
‘the same; b) .a suitable material (including peas) ‘has yef to be found
‘that can -che¢k the .tenderometer reading under operating conditions. It
;appearé'fhat.for-administeriﬁg"pea marketing agreements thé‘P;T}.shoqlg be
‘replaced with a befter instrumeht._ The‘instrument used;as'agreplgégmén;
Ashould pot.introduce the .same standardizationvprobiems;

Two instruments are available aS‘répyacements: fThe“qud Téxture
Tési Tenderometef’System (qud'Technology Corp., Rockville, ‘Maryland)

. .developed from the Kramer SQéar Press, which consists of a'hyaraulically
powered press which opérafes a sheér;compression cell (Ca;s'No. CSfl);de
ihdicates the shearing foréé on é dial gauge (Cat. No.;TG%B'Tegderqmetéx
Gauge),in‘tenderometer units. The‘Qttawa,Texture Measuriég System congigps
df:a‘motorized-press which operates a wire extrusion cell and indicates the
foree on an»électronic readout in Kg. The comparative~merits of these
instrumeﬁtS'have already been discussed (4) . The main advantages offered-
by:both?aféf | J

-za) zthe “force :indicating system -can be separated from -the machineaand

calibrated independently or in situ uﬂder operatingacbﬁgitions;

.<b)7the'test.cell containing and shearing the pea sample is a removable,

~easily-replaced component.

‘Bracketed numbers cite references listed in Section 4.O.



2.0 .

The pufpose of the work here was to examine the interchangeability
of the test cells of the two instruments that could replace the P.T. so

that the feasibility of standardization could be determined.

EXPERIMENTAL METHObS AND OBSERVATIONS
2.1 F.M.C. Pea Tenderometer (P.T.)
2.1.1 Comparison of f.T.

P;T. that are in the same locafiqn so that they can be com-
pared regularly and- that ére properly maintained will give neariy/the
same average reading over a very large number of samples. For exémple

within 7 T.U.:-

P.T. No. _ Reading T.U.
1971 1972
1 114 120
2 117 124
3 - 120 - 127
i 118 124

' Thus if readings are taken on each batch with these 4 instruments and an

average result used it is reasonable to expeét repeatable accurate results.

However the majority of processors only use one P.T. Two such P.T. were

compared and found different as follows comparing the means of 10 readings:

Peé Tenderometer . A , ' B
Reading T.U. i %0 . 82
cov.7 - - 2.2 3.8
Motor RPM 1725 1725
Gearbox output RPM - | 72 ’ 79
Calibration full scale T.U. 200.5 . 199.5
Calibration at zero T.U. 0 | 0

Friction at pivot g ‘ o 70 1500



The difference in this'particular case was 8 T.U. even though both
machines calibrated corfectly at zero and full scale. Observation showed
that the rotation speed of the shearing blades wés different because differ-
eqt gearboxes were.instélled, which theoretically introduces a difference
- in reading. Also the friction in the'pen&ulum.pivot oonne machinme was
much higher)than the other and was eQuiValent to the 8 T.U. reduction in

réadihg.

2.1.2, An Observation on the Use of an Indepéndent Instrument for
_ Calibration..
If an independent‘instrumeht is used to serve as a standard
- the weights on the pendﬁlum can be moved.until readings from the P.T.
and standard agree. Unfortunately it is then no longer possible‘tb check
the balance of the pendulum by-the acceptéd method. Because results'have
Shown.fhat_large errors exis£ in some'tghderometers it was necéssary to
establish the totai range'of'adjuétment available at thevP.fr pendulum..
Ten samples of peas Were tested with the.large pendulum weight.at
the minimum possible radius. This was then repeated moviﬁg the‘pendulum
weight in 0.5 in inérements up to the maximum possiblé radius. The entire
tést was repeated with two pea Qarieties. |
The results in Figure 1 shows that the maximum range of'adjustment
was about 9 T.U. This may be insufficient to bring some P.T. ubAto
standard in their present poorly maintained condition. The slop of the relationship
between radius: and reading waé not the same for the two variétiés tested indicatang
a varietal effect. .
~2.1.3.. An Observation on the Use of Wax Wafers as a Standardizing
Métérial.
Wax wafers have been used to measure differences between

tenderometers (2,3,9){ Readings at different points on the scale were



obtained by using one, two or threé wafefs'per test. Idealiy, the reading 
éhouid,be directly.proportional to the number of_wéfers uSed.bifhis was
investigated,by fesfing 10 replicates of 1 to 12 Wafers. ‘The results

(Fig. 2) showedAthat thé relationship was definitely non-linear. This

can be attribﬁfédAfo compressién and flow of‘the wax since the wafers do

not cover 1007 of the shearing blade area.

2.1.4; Impfoveﬁenté towthé Electronic Tendefometér;.

A P.T. was converted (]Q) to record electronicaliy by.in-
staliing a transducer (T, Fig. 3) in place of';he pen&glum.' This overcame
some of the;problems of‘the‘original.ipstrumént. The Transducer was cali—
'bratéd againsf a proving-riﬁg'(lO). If‘tﬁis instrument was:selected to
Serve as a fransﬁortable independent standard a more reliéble method of
‘calibrating tﬁe%transdﬁcer is- required. - This can be'abne by using weights
to apply forcé diféétly to the trénéducér via a cable (Fig. 3B);

The calibration weight required is calculated as follows:

Torque at full scale reading (200 T.U.) = 2464 in.lb..

2839 chg

Radius of transducer from center of rotation = 25'cm
Force at full scale at this radius = 113.56 Kg. |

.Thus if 113.56 Kg.islapplied horiéonﬁally at the transducer the elec- -
tronic readout:can be adjusted to readAZOO and the‘instrument will read

directly in T.U.



2.2. Shear Compression Cell of the Food Technology Corp. Tenderometer -System.

Thevmetﬁod that has been adopted for calibrating :this instrument 'is .to
‘compare -it with an ‘independent standard (qf fhe éame type). The sensitivity
of the'tendefometer gage is adjusted (same as moving weights on'P.Tf) uritil
~ the same éea‘Ienderness'is‘indicatedvby‘the instrumentrand.sfandard; As with
thevaT.'the,force.indicating:system (Tenderometer Gauge) .then cannot be
‘checked for aCcuracy'iﬁdependentlylusing a proving ring of“weights to -show
‘that -a standard force produceﬂ.a-given-readiﬂg. Howevén, unlike .the P.T.
:after -standardization, by qomparing~wiﬁh the independent«étandard,,the?actUal.
gauge reading .for .a given forcg;could be measuredvand'noted.on.the‘instnumenf
for ‘future checks. In effect ‘the method involves altering .the force.indicating
system to compensate for differences between the shear-compression .cells.

It would'be'preferablebpo have the cells interchangéab;e sorthat3allzthe
ITenderometér Gauges could be adjustedAtOfthe-same standard. w-foe.Afo.ll’owing'
:measurementslwere'madeftb check.the'intercﬁangeability of these cells (K.S.) .
using the cells listed in Table 1 ﬁhich were made at .various sfageS}of fhe
instrument's development. TIn effect three cell designs were>ithlved“differ_
uing:in‘the materials used, the method qf<assembly and:the shape-at"the;end
_ of .the shearing blades (angled‘or square) but nominally”made to the,éame
‘dimensions. |

‘The results (Table 2) show that ‘two cel;s-made.to the latest.speéifi—
.cations (1 & 2) were thg.saﬁe within 0;5% iﬁ.testing frozeniandfthawedtpeas
‘but ithe two‘eérlier dgsigns (3 .& 4) gave.reédings that were;3't01132:differ-
ent. In.other words, dl&‘cells should not be incorporated,into“theAstandéfdi-
zdtion 'system. .In tesping-canned corn the difference ‘between cellsfl;andjé.
w&shSZ?indicaﬁing7that the test material used may have an effect on 'the

éppanentxdifferences. The -same effect was apparent for fresh peas but the




magnitude of the;differeﬁces between cells 1 and 2 or cells 1,2,3 and 4
were not consisteﬁt. That is, if a particular comparison of 2 cells shows
a difference in reading there is no means of:knowing that this difference

is constant especially if different pea varieties must be used.

2.3. Ottawa Pea Tenderometer (0.P.T.) and its Wire Extrusion Cellsf:

The O.P.T; has an electronic readout system that could be adjusted
to compensate for differences betwéen gells. However, the instrument is
not intended to operate in thié-way.»‘Thé objéétive ﬁas to use a standardized
force indicating system (100 Kg>= éOO_ﬁnits) andiprovide-interchaﬁgeable
céils; For’example, from‘the firét batéh_éf'cells manufactured-S.were
found to'give the folioWiﬁg averége réadihgs on 10 sampleé of‘péés from
.the same batch.f.

Cell - : ReadiﬁgiKgiv

| S 188 |
188
190

190
189

MO a W

Thus the ceils ali reéd within O;SZ of each'qther.

A total of 8 cells were tested, thesé'werévmadé at different times
and by different‘manufactureré (Table 3). _PreliminéryAﬁesté (Table 4)_with
small_numbers~of samples‘showed‘fhét thevcelis made by one manufacturer
were approximately interchangeable with baked beéns and freéh peas, howevef
phere wéré differences_up'tok9Z; .Fufther testing of fresh peas‘(fabie 5)
éhowéd that 6 cells ﬁade:by onevmanufaétufer over 2_yeafs were iﬁterchangeable
within 1.5 to-Z,SZ of,reading‘but early prototype cellé (7'and 8) were quite
differgnt. Based on these.tegts 4 ceils»(3,4,5Aand 6) made by one manufacturer

were selected for further tests.
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The 4 cells were operated using two 0.P.T. presses. Five pea samples
from one batch were tested in each cell in each of the two presses. This

simulated the use of two 0.P.T. each equipped with 2 cells. The test was

‘performed on several batches of several varieties. The results (Table 6)

show that within machines the readings were the same within close limits,
the majofityvbeing.within about +17 of’the mean reading for tﬁe four cells
(Table 7): The maximum difference was 3.7%. These differerces must be
evaluated taking into-accouhtAthat the peas within a batch vary and the
small differences between cells may be true readings of differences in: the
peas tested. | |

.There was a consisteﬁt difference between machines (Table 6) which
averaged 8.87. This was attributed to the‘4Z difference in speeds between
the two available O.P.T. presses. The higher speed. press produced higher
readings which agrees Qith the expected difference. The differences
appeafed to dependAon the batcﬁ of peas teste&(

Thus it appears feasible to make interchangeable test cells and pro-

viding the presses used are the same the systems should also be inter-

changeable..

" DISCUSSION. AND CONCLUSIONS

It appears feasible to make shear—compression or Ottawa Ped Tenderometer
cells interchangeable within acceptable limits. The O0.P.T. cells: appeat: to
give the same readings within less than *27 of reading. -Thus in operation

the errors that would be expected are as follows:

Pea Tendernmess |  Error
T.U. + T.U.

90 | 1.8

120 : 2.4

135 2.7




The data also indicates_that ahear—comprQSSion aells are interchangéable.
However it is more prone to wear and changing its performance than the O.P.T.
cell, | |

| It is concluded that thé sheaf compreésian:or Ottawa Pea Tenderometer
cells could be used to‘replage the Pea Ténderometer,and achieve a much bettef-_
degree bf standardization amang instruments. Thia was proved in a practical
way by transparting peas from one ba;th to twovplanté and testing them simul-

taneously in a P.T. and O.P.T. at each plant with the folidwing'result:

P.T. O.P.T. P.T. O.P.T.
. T.U. T.U.  T.U. T.U.
Plant A 87 92 111 112

Plant B 82 94 101 113
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 Table 1. Description of shear compression cells

Cell No. - Serial No.

i 500-412D-12101 - -
2 ' 500-412D-12112
3 €257

_ *
L | C334

*. . . N e
Modified from sguare blades

¥
Approximately

Year Purchésed
1970
1973
1960

19 62**

Material
Aluniinum

Aluminum

Stainless steel

Stainless steel

Blade type

Pihned-angie
Pinned-angle
Welded-square

Pifined-angleé -
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Table 2. Comparison of readings (means of 10 _sa_mples)v
from c_lifferent shear compression cells at 10 cm/min

Test Product - . Cell No.* Mea'n Reading Coefficient of
’ i ‘ variation
Kg | . . % '
Frozen and thawed peas 1l - 223 3.4
' o i ) 2 222 4.0
L 230 3.0
Canned whole'kernei'corn 1 225 - 5.0
o - 2 213 6.4
| Mean 219 5.1
Fresh peas (Trumpet) 1 3.
o 2 403 2.4
Mean - - 408 '
Fresh peas (4683) 1 . 403 1.9
: . 2 L02 . 2l
'3 L3 - L6
b3 3.2
- .Mean 396

" Fresh peas (Trumpet ) 1 313 2.0
: . _ . 2 - 310 25
3 - 315 C 1.7
L 304 ' 1.7

Mean 311

*Modified from square blades
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Table 3. Ottawa Pea Tenderometer cells tested (30 cm2 wire extrusion 'bype-)

Cell Number Ma_.rmfacturér* Year Manufactured. . Remarks
1 ’ CML | 1973 |
2 | CML _ 1973
3 | ML | 1973 | Shortened
L CML, o 973 ' Shortened
5 CML 1972 ' Shortened
6 CML | 1972 | Shortened
7 RS ; 1971
8 s 1971

*Canners Machinery Ltd., Simcoe, Ont.
Engineering Research Service
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Table L. Comparison of readings from different

products  Baked Beans
’ Samples~per cell: 6
| Mean | C;V.
Kg %
Cell Number
2 . .
E) 35 48
b 3L 3.6
5 33 7.3
6 32 k3
" Mean , 33 |
CV. % 6.8

* Rinsed with cold water .

XK
Fresh Peas

L
Mean C.V;.
Kg % .
360 5.3
382 2.6
368 1.8 -
365 4.0

369

** 142 T.U. on standard P.T. and 119 (C.V. 1.2%) on E.T.

Ottawa Pea Tenderometer cells

Frozen and Thawed Peas =

L

‘Mean
Kg

129
128
131
126

C.V.
R

2.8 |
47
6.7
3.6
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- Table 5. Comparison of Ottawa Pea Tenderometer readings using fresh peas. 10 samples per cell per batch means in Kg

Cell-Type - - Variety . Cell No. 12 3 L 5 6 7 - Mean
0.P.T.. 4683 Mean 213 217 - 217 217 220 218 211, 215 216
. ’ ' C.V. 3.2 2.6 2.0 3.0 ' 2.0 1.9 ’ 1.5 loLI- ’
Trumpet Mean - - 276 272 271, 271, 261 251, 269
: CoVo - - : " 2.3 2.5 303 3.6 2.5 2.2 ’
Trumpet, Mean 251 216 1 » : - 21,8
: Cc.V. 3.9 2.6 '
4683 - Mean 248 254 251 248 250
Cd.V. lo5 2.Ll- . 3.1 2.9 ‘
4683.>= Mean - 265 2617 268 266 _ 267

C.'Vo - ’ 30[4- 2-0 . 208 3.0
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Table 6. Comparison of readings from h ce1ls'ﬁsed in: two Ottawa.Pea Tenderometers in Kg
‘ ' (Means of 5 samples) '

Machine: 'A'(rWhit¢")118'O=°m/min e ... .. B 18.75 cm/min Mean
Cell No. 3 4 5 6  Mean , 3 b 5 - 6 Mean A& B
Variety | L ' |
D.S.P. o 310.4 307.9 297.h 300.5 3041 332.4 327.7 319.7 320.0 325.0  3lk.5
D.S.P. | C249.4 249.9 241.1 243.2° 245.9 . 255.1 259.5 257.9 272.1 261.2  253.5
- | 248.8 245.6 2bh.ly 240.2 2Ll . 252.6 255.9 260.8 262.7 258.0  251.
— | 239.7 235.2 233.4 237.5 236.5  243.8 246.8 245.0 248.4 246.0  241.2
Med. 303 o 250.9 256.0 254.8 2541 256.2 2841 280.4 2843 291.1 285.0  270.6
‘Perf. 213 196.3 192.4 198.3 194.0 195.2 . 209.2 204.8 212.6° 219.4 211.5  203.4
D.S.P. 200.8 2842 280.8 28L. 284.3 299.9 294.3 295.7 298.5 297.1  290.7
Perf. 213 o 276.2 275.9 Wl 276.6 275.8. . 30L.5 20h.6 297.3 30L.2 208.7  287.2
o g C.V. % . |
D.S.P. - ©3.91 2,05 - 2.00 3.10 3.20 ©3.23 LAl 071 2,930 270 L5
D.S.P. | 2.63 3.20. 0.35 3.51° 2.97 3,63 4.89  3.02  4.00 . Luhk . 4.85
- . ©1.90 2.83 L4.51 2,10 3.05 3.40  3.33 k.60 3.26  3.74 4.31
— | 2.98  2.77 233 LT3 3.23 © k12 234 275 151 270 3.55
Med. 303 3.95 1.25 1.88  3.19 2.72 173 2,65 L2 2.8 3.05 6.10
Perf. 213 k23 1.0l L.l 204 2.59 3.bh 1.68° 2.26 177 3.38 5.05
D.S.P.. 132 465  he26  L.49  3.86 2.2 3.25 1.7 1.64  2.25  3.80

Perf. 213 ' | Le52 2,690 2.58 1.76  2.83 3.1 0.57 1.82 1.36 2.15 LT3



_Machine:
Cell No.
D;S.P.
D.S.P.

Med; 303
.Perf. 213
D.S.P.
Perf. 213

+
Mean

3
+2.1

4l

+1.7
+1.4

1.4

+0.6

C 4+2.3

+0.1
1.4

- ]_8._

Tabie 7. Differences*among L cells used in 2 Ottawa Pea Tenderometers in %

b

+1.3

+1.6

+0.4
-0.5
0.1
-1.4

0.0
0.0
.0.6

Reading — Mean x 100%

Mean

" Mean A - Mean B x 1004

Mean (A + B)

S+

: Neglécting sign

5

+2.2°

-2.0
-0.1

" =1.3

-0.5
+1.6
~1.2

0'5

1.2 -

6

_152

~1.1

_l.8
+0.4
-0.8

-0.6

-1.0
+0.3
0.9

L

+0.6
—Oo 7

B.

' —1;3A

_008 )

+0.3
-1.6

- -3.2

-0.9
A
1.2

5
-l.6

+1.1

~0.4

_002

~0.5
0.5

—005 ’

0.8

6

-1.5

2.
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' Figure 1. Plot of tenderometer reading against radius (R) of pendulum weight.

A. Dark skin perfection P.T. = -3,21R + 263.0
- B, Small sieve freezers P.T. = -4.82R 4+ 293.5
C. A and B pooled P.T. = ~-4.02+ 278,2 (r =

(r = -0.732);
(r = -0.941);

-0.309).
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Figure 2. Plots:of A, pendulum :angle and B. tenderometer reading :againsit
" ithe ‘number of wax wafers (i.e. ‘thickness) wsed. Each -point s
‘the ‘mean of 10 replicates :at 24°Ce, ;and the wvertical lines
‘represent one 'standard dev1ation.



Electronic tenderometer, A. transducer (T) installation;
B. improved method of calibrating transducer to read directly

in T.U.




Figure 3. Electronic tenderometer, A. transducer (T) installation;
B. improved method of calibrating transducer to read directly
in T U



