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Appleton, Wisconsin

ABSTRACT

At the request of the Technical Committee of the Fourdrlnler

Kraft Board Institute9 Inco, a round-robin study was made on the Concora

medium test in order to compare results obtained between Laboratories, For

this purpose, five samples were forwarded to each participating laboratory

or mill by The Institute of Paper Chemistry. A total of 18 Concora testers

participated in the study and the following results were obtained.

1. No given mill retained the ranking relative to the other

mills throughout all sample lots

2, When the results obtained at The Institute of Paper Chemistry

are used as an arbitrary reference level, the test results varied on an

average from a *9.4% for Mill G to a -602% for Mill S.

30 Eleven of the seventeen mills exhibited composite averages

which were within a r h% range of the composite averages obtained on the

IPC tester, When a range of 4 2,5% is considered, only seven of the seven-

teen mills fell within that range0

After the above results were reviewed by the Technical committee,

The Institute of Paper Chemistry forwarded additional samples to six of the

mills participating in the first study. Samples were sent to the four mills

(G, II, F and I) which exhibited particularly high results in the original

study and to the two mills (B and S) which previously exhibited low results.

The Concora flat-crush results showed that Mills G. H and I, which

exhibited high results in the original study, appeared to exhibit, equally high
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results in the second study, On the other, hand, Mill F' which also was

high in the original study now reported results which were in reasonable

agreement with the Institute results, The remaining two mills (B and S)

- -also appeared to-be in reasonable agreement with the Instltute results.

The above indicates that appreciable differences in Concora

test results may exist between rills , Because the variables causing such

differences are not known, it suggests that care must be taken to check

the performance of any'given tester at frequent intervals.
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by the Technical Colinittee, tne Institute was requested to foruard addi-

tional test samples to the ab'ce six illls bo deterrlor if the differences

observed in the first stud/ iwouid ,crs±ist - - -

Reports were rendprod to the Technical Conamrttee describing the

results obtained in each phese of the investigation: This present report

combines the results obtained in each phase. It should be emphasized that

the results contained herein are merely representative of the differences

in Concora test level at one given instarce of t.me, Concora test results

for each mill or laboratory ra, be expected to shift with time as such

instrumental factors as slide and pressure roll lubrications roll wear,

heat transfer, etc., change. Thus, somewhlat different results might be

obtained each time such a stuay was performed,

It should also, be rated that tne Concora flat-crush results oo-

tamned in Phase I are reported in pounds It w'as requested by the cormitttec

that the results in Pin'a e TL .- r'eportcd in pcs.i. Some confusion nay re

suit; however, perce-ta-c rlffserrncer rer-ian the sarie in either s, stem 'o

units,. For this reaso.., ;u ra3 ,ot thsu;ht necessary to convert Phase I

results to a p.s.i. uDsic,
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MATERIALS--PHASE I

_ -.. Five sample lots of corrugating medium were selected atThe

Institute of Paper Chemistry and cut into test strips 1/2-inch wide and

6 inches long in the machine direction The cut specimens were racdom-

ized and shuffled into samples containing 12 specimens in each sample.

One sample of 12 specimens for each of the five sample lots was then

sent to each participant in the round robin. By this method, each par-

tlclpant received specimens equally representative of the parent sample

lot.

The sample lots selected were identified by code number and

represent a range of flat crush as determined by the Concora medium

fluter at The Institute of Paper Chemistry, The identify of these

samples are tabulated in Table I.

Sample Lot

K-1048

K-1047

K-1058

K-1045

K-1064

TABLE I

MATERIALS USED

Type of Medium Weight, lb,

Kraft 27o8

Semichemical 2604

Bogus 28&7

Semichemlcal 27°4

Semichemical 2700

Caliper, pt.

9.2

10 7

11,2

11.0

100

II-
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TESTING PROCEDURE -PHASE I

.. . _ - -In order to restrict tne study to differences in equipment and _

operation, the following instructions were enclosed with each set of

sample and each participant was requested to make his evaluations under

the following conditions.

1, After receipt of the samples, open each package so that the

individual specimens are freely exposed to the atmosphere and condition

them for at least 24 hours at 50 4 2% relative humidity and 73 z 3.5'F.

prior to test.

2. Before performing any tests, measure (using a pyrometer) and

adjust the temperature of the two corrugating rolls. The temperature

for these tests should be 350" - 25"F.; thus, the difference in tempera-

ture between the front and back rolls may iot be greater than 50°F,

Please record the measured te-perarures in the appropriate location on

the attached data sheets,

3o After adjusting the temperature of the rolls, obtain at

least one pressure pattern using strips of pressure-sensitive paper (NCR)

enclosed with the samples Please nark the edge of the strip corres-

ponding to the top of the roll and the side of the strip facing the

pressure roll0 Return it with the data sheets

4, Before performing any tests, check the tines of forming

comb or fork to insure they are straight and parallel,
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5. Please have one operator test all samples. Ten specimens per

sanple are to be tested. It may be noted that each sample includes at

least 12 specimens to allow for the possibility of accidental damage

during shipment-or-testing. Any extra specimens may be discarded after - -

10 specimens are tested.

6. All specimens shall be conditioned at least 15 minutes and

no longer than 45 minutes at 50% relative humidity and 73'F. after taping

and prior to testing. This may be accomplished with little loss of time

by fluting and taping a number of specimens and then testing them in

consecutive order after the first taped specimen has conditioned at

least 15 minutes.

In addition to the test procedure, a strip of NCR paper was

enclosed with each set of samples. The NCR paper was for the purpose of

obtaining a pressure pattern of the corrugator rolls and was to be ob-

tained just prior to fluting the samples used in this study- Also, a

compression tester questionnaire was sent to obtain information which

might be of value in interpreting the data obtained, This questionnaire

dealt with information concerning the type of machine used, the load

range, testing speed, calibration method, type of platen surface, platen

parallelism, and whether a lazy hand indicator was used,
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MATERIALS--PHASE II

..- - -The four-sample-lots of-corrugating medium to be-used in this-

investigation were selected at The Institute of Paper Chemistry. These

sample lots embrace a range of flat crush from 32 to 43 p.s.I. as deter- -

mined by the Concora medium fluter at the Institute. The identity of

these samples are tabulated in Table II.

Sample Lot

1489

1492

1482

1494

TABLE II

MATERIALS USED

Type of Medium

Semichemical

Semichemical

Semichemical

Semichemical

Weight, lb. Caliper, pt.

28.0 11.1

27.4 10.2

27.1 10.2

26.7 10.0

The four sample lots of corrugating medium were cut into test

strips 1/2-inch wide and 6 inches long in the machine direction. The sampling

procedure is illustrated in Figure ,l It may be seen in Figure 1 that for

each lot of material there were twelve samples of twenty-two specimens each,

The samples for Lot 1489 were numbered from i through 12, those for Lot

1492 from 13 through 24, those for Lot l482 from 25 through 36, and those

for Lot 1494 from 37 through 48. The eleven even-numbered specimens in

each sample were sent to one of the six participating mills. The mills

were requested to test only ten of the eleven specimens with the results

being identified according to specimen number. Since there were twelve

samples per sample lot and six mills, the even-numbered specimens from the

III
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Samnple Number
6 7 8 9 10 11 12

A-I B-i C-i D-i E-i F-i G-1 lI-i I-1I J-1 K-i L-1

A-2 B3-2 0-2 D-2 E-2 F-2 G-2 1H-2 I-2 J-2 K-2 L2

A-3 B3-3 0-3 D3-3 E-3 F-3 0-3 11-3 1-3 J-3 [(-3 L-3

A-II B-4 C-4 D3-4 IE-4 F-4 G-4 11-4 I-4 J-4 [(-4 L-4

A-5 13-5 C-5 D-5 IS-5 F-5 G-5 H-5 1-5 J-5 K-5 L-5

A-6 B3-6 0-6 13-6 B-C1 F-6 G-6 11-6 1-6 J-6 [(-6 L-6

A-7 13-7 C-?~ D-7 B-? F-7- G-? H4-7 I-7 J-7 K-? L.-7

A-S fl-S C-8 D-8 B-S F-S G-8 1H-8 143 J-8 K-8 L-R

A-9 EB-9 0-9 13-9 E-9 F- 9 G-9 11-9 1-9 J-9 K(-9 L-9

A-l0 B-10 0-10 U-i0 E-i0 F- 10 G-10 f 1-10 I-10 J-10 K-i0 L-10

A-il B-11 C-I] D-ii E-il F- Li C-11 H-li I-1i J-li K-il L-li,

A-12 13-12 C-12 D13-2 E-12 F- '2 G-12 [1-12 1-12 J-12 K-12 L-1 2

A-13 13-13 C-13 D13L E-13 F--L G-13 H4-13 I-13 J-13 [K-13 IL-13

A-11, 1 -1 1, C-1I. DF 1 4~1 B-lA, F-i/F G-14 11-14 I-14 J-14 K-i1F L-I /4

A- 15 13-13 0 -15 D-15 LS-i5 F-li 0-15 11-15 1-15 J-15 [K-15 L-15

ALO 13-15 C-16 U-Vf ES-i6 F-16 0-16 11-16 I-i6 J-16 K-i6 L-L(

a-V f-I? C- '? D13I -I Fi? -? f-i I- L7 J-17 K-1 7 L-1?/

A-1l. 3-I~C- 0-1 U-IS~ E-IC~ F-iS 0-1S 11-iC I-iS J-1 B K-IS L--1t2

A-19 5-19) 0-19 D3-19 E-19 F-19 G-19 1 1-19 1-19 J-19 I(-19 L-19,

IL-20 13-20 Ct20 1320 E-20 F-20 G-20 [1-20 1-20 J-20 [K-20 L-20

IL 21 3-21 021 13-) I IE-21 F- 21 G-21 11-21 t -142 (2 -

A-22 H-22~ -~22 D-22 LI- 22 I F-22 G-22 11-22 I 1-22 J1-22 K(-22 I L--22

F IIIre I

S-ti 'I in, Pi ic(-d]Ice (Inr Pi ,li 1I~. of l it~ orml .

r7
0

0)

0

_CI

U

A
(1)
C)

0)

in.
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DISCUSSION OF RESULTS

Phase I

As previously mentioned, the purpose of this study-was to develop 

information concerning the agreement in test results obtained between mills

using the Concora medium fluter. Five sample lots of corrugating medium

embracing a range of flat crush from 25 to AO p.s.i. were used in this study.

The specimens were selected, shuffled, and precut to test size by The Institute

of Paper Chemistry end then sent to the individual mills for fluting and test-

ing. The mills fluted and tested ten specimens of each sample lot and returned

a record of the individual test readings to the Institute for analysis. Taole

III presents a tabulation of the test averages obtained by each mill for the five
I'

sample lots tested. Bar charts indicating the range of test averages for each

sample lot are illustrated in Figures 2 through 6. It may be noted that these

charts are plotted in order of decreasing test average. The test average oz-

tained at The Institute of Paper Chemistry (Mill C) is presented as a solla

line across the entire char-t for purposes of comparison.

For purposes LC tomparoi-n, the results tabulated in Table III ha e

been rotabulatcd in Table IV to chow the 'distribution of the results per sa-r:e-

about the Institute results taken as an arbitrary reference point. In the case

of Sample Lot K-I4OLS the results ranged from a plus 5.4% (see Table III) for

Mill G to a minus 11 5% for Mill S Vor Senple K-1047 the range was frorr -1: 3

to minus 5,5Z for Mi Is iH aind A, r5spcrt]iely When the results for Sample L'.

K-1058 are considered, it may be eHen that the range was from +12,3% for Ml:_ -

to -4.9% for Hill S. Slmirlr'y for Sd'npie kLt 1064, the range was +14.5; ':
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Mill G to -4.0% for Mill S. For Sample Lot 1045, the range was +7.S% for

Mill H to -9.3% for Mill B.

When the data are considered in terms of the composite average

deviation from Mill C results, it may be seen (see TablesIII and IV) that

the results of Mills G, H, F and I averaged from 5.8 to 9.4% higher with

the 9.4 being associated with Mill G, On the other hand, Mill B exhibited

results which averaged 5%4% lower than Mill C and Mill S. exhibited re-

sults which averaged 6.2% lower than Mill C, Eleven of the seventeen mills

exhibited composite averages which were within a + 4% range of Mill C re-

sults. When a range of + 2.5% is considered, only seven of the seventeen

fell within this range. These were 1:ills E, K, D, N, M, P and J. On the

basis of a cursory statistical study (3) carried out previously on the data

obtained from 78 samples of corrugating medium, it was estimated that the

reproducibility of sample averages at the 95% level was approximately l+ 4l

for specimen size 10 which was the size used in this study.

In order to determine whether the data as a whole yielded sig-

riLficant differences between mills or between sample lots of material, an

analysis of variance technique was first performed on the test results

From all five sample lots of material,

From the design of the test program it would, of course, be ex

pected that there would be a significant difference between the sample lo.:;

of material. The real question is to determine if there is a significant

difference in the results obtained by hoe different nillso The data fro:.

all mills were included in this analysis with the exception of the test

.,;
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results for Mill S which were received after the analysis had been completed.

However, subsequent analysis indicated that the over-all results would not

have been affected significantly had the results of Mill S been included.

-. _ .- --...-The results- of--this analysis of- variance are-presented in Table V. -- 

TABLE V

ANALYSIS OF VARIANCE OF COMPOSITE DATA

Source of Variance Degrees of Freedom' Square

Between mills 16 350.125

Between sample lots of material 4 17,970-365

Mill x sample lot. interaction 64 31.476

Residual (error) 765 8.742

Total 849

F

11.124 

570.923 '~

3.601"

Significant at 1% level--i.e., likelihood of obtaining F values of

above magnitude by chance alone is less than 1 in 100.

It may be noted in Table V that a significant m-ill x sample lot

interaction exists. This means that a given mill does not retain the same

test order relative' to the other mills throughout all sample lots of mate -

rials, Figures 2 through 6 indicate this same fact inasmuch as no mill re-

tained the same relative ranking (from highest to lowest) for all five

sample lots of material. Because the mill x sample lot interaction was

significant, the mean squares due to the variation between mills and be-

tween sample lots of materials were tested against the mill x sample lot

interaction mean square. Significant differences between mills and between

sample lots of material were noted,

1',

ih
i I

I I

,11�V�
V" 1,
ri,�
.11�._

li��
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In order to analyze the differences between mills without cor-

sidering the differences between saip.le lots of rr.aterial a:a_--ses of var:-' ---

were performed on each sample lot of material separately TP. results of

these analyses are presented in Table VI, It may be seen in Table VI th-a

a significant difference between mills is noted for each sa.-le lot of mae-

rial.

i,' The analyses of variance which have been performed indicate only

that significant differences between test results from. the various mills -

;!. eexist--i.e., that the irill averages as a whole differ si',:ifica-tly ao:-s~ 

those selves. However, these analyses do not indicate -whiich rills differ --

nificantly. Because the analyses of variance yielded significant differe-e_

between mills, the t-test was applied as a further aid to interpret the re-

sults of these analyses and to determine the magnitude of the difference ye

[; ~tween two means (in this case, between sample averages from tw- mills) whr.:-

, ~would be required for significance at the 5% end 1% leveL.

The data obtained at The Institute of Paper Cheris.r- (Mill C,

were taken as an arbitrary reference point-. It was possible, -.hen, to

·e dutcermine which mill averages were si.nificant!y differ-n fr-- The In- 

stitute of Paper Chemistry average.

The difference between two means which is re-uired fir signifi

!' cance at both the 5% and 1i levels have been .alc'.j- for o. .. sampl -

of material and are presented in Table VlT, Diffreences as reae. or Gree .

i{t ~ than those presented in Table VII for 5% LereL woul. e ozpee-e strict

by chance only one in twenty tin:es Dirrcre- . -. .i :ftr -.-- -.--.t

presented in Table VII f[r \i TL ' , ............ ch -- 

one in a hundred times.
€ ,
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TABLE VII

DIFFERENCE BETWEEN MILL AVERAGES REQUIRED FOR SIGNIFICANCE, LB.

Sample Lot 5% Level 1% Level

K-1048 -- 22 2.9

K-1047

K-1058

K-1045

K-1064

2.6

2o6

2o6

2.9

. - -

3.4

3.4

3.5

3.8

Obtained from analysis of variance data.

Note: Above should be multiplied by 0.6 to convert to p.s.i.

The differences between the Institute (Mill C) and mill aver-

ages are presented in Table VIIIo Also shown are the levels at which

the differences are significant.

The data tabulated in Table VIII has been retabullated in Table

IX to indicate the number of sample averages which differed significantly

ait, 5% Level from Mill C results for each rill

It may be observed from Tab'le 'X that, only one mill, namely,

Mi.i. K, did not differ significantly from .1il.1 C results on any of the

:a:iplcs.. Mill G on the other hand differed significantly on all five

sa:;p:l.es and Mills F, H, and I on four out of five samples,. If Mill C

results are a practical reference, then- it would appear that attention

should be focused on Mills G, F, H; and I to determine the reasons

for their apparent nonconformity:

';A
it.
*B-f

~_I I 

1,.
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TABLE VIII

- L IFEERECES BETW-EEN I. P. C AIM MILL- AVERAGES

K'.104h5 -

-4.6'

-3.44

+1,,9

--2. 1

+0. 2

-052

-3.3 8

-.2:.:

--3 0'

. Significant at 5%

Significant at. 1%

~K-1047

<-1,,6

.-C,,3

+ 5,,6

+ 5 a C"11I

-07

K-0.95

* 2.01

K-L1058

-2,,2

+2.3

43,,7

il.,2

+j.9

+-2,~ 1

--3tO

K-1045

-0,,8

4-3.7 

+ 5,7~

--3-4 

-2,3

-6-C

--1941 1-7 1

L
-.4

.7

I

le-del

level,

F"~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Ke

pi

A

E

F

G

H

I

J

K

L

P

S
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TABLE IX

DISTRIBUTION OF MILLS BASED ON SIGNIFICANT DIFFERENCES 

......--.. _-- - --... Noo Averages. Differing Significantly ------ - -

0 1 .2 3 4... 5. 

K P 0 S I G

M N R H

E L A F

("~~~~~~~. J,

D,

I:~~~~~~~~~~~ B

i'~ Mill C used as reference.

It has been mentioned previously that each mill tested one,

sample of ten specimens for-each sample lot of material' It seemed de--

sirable to obtain an idea of the range in which such sample averages

Jif-ht ['all for each mill., In dealing with large size samples, the sample,

u. ru!: would v'ary 2 standard errors (rrx) or more from the population

ml-a':-l i tn rbout 5 sample averages out of 100,. However, in considering

;iunJples of ten specimens (9 degrees of freedom), sample averages will

i- vvary ,, 2,3 (T- or more from the population mean in about 5 samples oUL

1. , Ot 100.. -mayl be concluded, then, that 95% of the sample averages

; wob'.ld e expected to fall in the range x - 2,3 (T_ The probability

i;d .L;: also .9 out of 100 that the population mean falls within this range-.
.,2

The standard errors and 95% limits for averages are prcscnite-

a: i^n Table X for each mill or each sample lot of material. Thecc Limits

'j[
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for each mill are graphically presented in Figures 7 through 11 for each

sanple lot of material.

As previously mentioned, each participant was forwarded a

strip of NCR paper to enable a pressure pattern to be made of the corru-

,gator roll contact prior to the evaluation of the test samples. The

pressure patterns so obtained were returned and examined to determine

whether there was any correspondence between test results and corrugator

pattern. Figure 12 illustrates sections of the roll pattern obtained by

the participating mills. Patterns were examined and placed in categories

of good uniform pattern, heavy but uniform pressure lines, heavy inter-

mittent pressure lines, excessive pressure along one edge of the pattern

strip, and light pressure lines. There was no consistent agreement found

between the type of pressure pattern and the ranking of the samples. It

was noted, however, that all mills having very low test values submitted

uniform or good print patterns and all mills having exceptionally high

test values submitted uneven or distorted print patterns. This criteria

was not infallible, however, because some of the mills in the central

Lest value range had uneven patterns and some had uniform patterns.

Examination of the compression tester characteristics such as

platen parallelism, testing speed, and calibration accuracy which were

submitted by the participating mills gave no clue as to the reason for

differences in test results. Table XI presents a summary of the compression

tester data obtained.
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B
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C
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each mill on two samples from each of the four sample lots are compared with 

averages of similar samples tested at The Institute of Paper Chemistry. The

differences and per cent differences between the Institute and mill averages

are based on the Institute results..

- The "t"-values presented in Table'XII were used to ascertain the

significance of the differences between the sample averages. The "t" value

represents the ratio of the difference between two means to the standard

error of the difference between two means. Therefore.

XiPC ~ XMILL
t = _-

IPC XMILL

where

d z 2 IPC 2 2MILL
-IP C - XbNLL = + \

The variances,., 2 , needed to determine the standard error of the difference are
also presented in Table XII. The estimated population variance. r- 2 , is

calculated from

-T2 E Z2 - (iX)2

N N-1l

It should be noted that two factors influence the "t" test--first, the dif-

ference between sample averages, and second, the variability within the samples.

(NipC- 1) t (NM.lLL- 1) degrees of freedom are available for the "t"

test. Therefore, in this study, with 18 degrees of freedom, a "t" value greater

than 2,101 indicates significance at the 5% level--.i.e., such a difference be--

tween averages could be found, strictly by.chance, less than 5% of the time (one
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----in twenty'times); A "t" value'greater than 2.878 indicates I.,,,t 
~'1 .-reat a

difference between averages could be observed, by chance al'-., I1

of the time,

It may be seen in Table XII that for Mill B, only. . .i.
:""1 ;I ;,-- yielde.-

a significant difference between the mill and Institute aver;..... .
sa-ap-r.

from Lot 1482, yielded a difference of + 7.2%. It may be n-'. .. div * * '* ih dif-

ference obtained on the other sample from this lot was only * ;n/ ,
*lis was not

significant. The differences between Institute and mill aver;:..,
' "&'.1 ned on

the other samples varied from -0.6 to + 3.1%. The mill ave.;:;..
''' '"* h i.gher

than the Institute averages for all samples except those frr . .
:,;i where

the Institute results were only slightly higher. In the fir-. 
.'. ,hLs mill

was lower than the Institute on all five samples with result'-.- 
,"'' ':,nples

being significantly lower by -9.3%. Other differences range: .

-3.6%. Thus, it appears that the results for this mill now t,. ..

favorably with Institute results.

Two samples tested at Mill F yielded averages whit

cantly different from averages obtained at the Institute, 

Lot 1492 yielded a significant difference between averages of

sample froi: Lot 1494 yielded a significant difference of +7.'.

ferences observed for the other samples varied from zero to 

averages were higher than the Institute averages except for ,.

Previously, Mill F was significantly higher than the Institu-.

five samples. Those differences ranged from +,.1 to -12.5%, 

ference which was not significant was -4.2%. It appears tha-

"'" ',i[(:
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now compare quite favorably with the Institute results although they arc

generally slightly higher.

It may be seen in Table XII that all the sample averages obtained -

by Mill G are significantly higher than the averages obtained at The In-

~'- --stitute of Paper Chemistry. The differences range from +9.5 to +15.0%.

In the first round-robin study, the results from Mill G were also signifi-

cantly higher than the Institute results on all five samples. The differ-

ences ranged from +5.4 to +14.6%.

Regarding Mill H, all the mill averages except one are significantly

higher than the Institute averages. The significant differences range from

+8.2 to +19.0%. The sample difference which is not significant is 42.3%.

Results from the first round-robin study indicated that this mill yielded

significantly higher results than the Institute on four of five samples. In

that study, the significant differences ranged from +7.8 to +10.3%. while the

difference which was not significant was +O4%o

The sample averages obtained at Mill I are significantly higher

than the Institute averages for all samples except the two obtained on Lot

1489. The significant differences ranged from +5.4 to +10.8%. Lot 1469

yielded sample differences of 0.3 and -0.6., This mill was significantly

higher than the Institute on four of five samples tested in the initial round-

robin study. In that study, the significant differences ranged from +4-9

to +9.2%o. The difference which was not significant was -0.4%.

Only two samples tested at Mill S yielded averages which were

significantly different from those obtained at the Institute. One sample
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from Lot 1482 yielded a significant difference between averages of -5.3%

and' one sample from Lot 1494 yielded a significant difference of +5.2,% The

differences between averages observed on the other samples ranged from +1.2

to +5.1%. -The mill averages were higher for all samples. In the previous

study, this mill was lower than the Institute-on all five samples--signifi-

cantly lower on three samples (-4.9 to -11.5%). Other. differences were

about -4%, It appears that the results for this mill now compare quite

favorably with the Institute results. Whereas the mill results were pre-

viously significantly lower than the Institute, they are now slightly higher.

By comparing the results of this study with those of the initial

round-robin study, it may be noted that Mills G and I, as before, yielded re-

sults significantly higher than the Institute results with differences of ap-

proximately the same magnitude as those previously obtained. The results from

Mill H are also significantly higher than Institute results as before; however,

the current differences appear to be greater than those noted previously.

The results for Mill F now appear to compare quite favorably with Institute

results as the mill results are only slightly higher that those obtained at

the Institute. While the previous results (first round-robin) for Mills 3

and S were generally significantly lower than the results obtained at th.

Institute, the results from these mills now agree favorably with Institute

results. The results for both mills were found to be slightly higher than the

Institute results. Thus, it appears that Mills G, H and I are still yieldin;-

Concora flat-crush results sign^iica:tiy different from Institute result,,

while Mills B, S and F are in reasonable agreement with the Institute results.

Foo
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The "F" values presented in Table II are used to ascertain sig-

nificant differences between the estimated population variances. The variance

ratio, F, is determined from 0 2/O2 where i2 is the greater variance and -2

- . is the smaller variance. As mentioned previously, the population variances are

estimated from- -

: = N x2 - ( 2
N (N-l)

It may be seen in Table II that no significant differences between

estimated population variances obtained at the mill and those obtained at the

Institute were noted for Mills B, F, G and H. The variability obtained by

Mills G and H was generally greater than the variability obtained at the

Institute, though not significantly so. No clearly defined trends were noted

~~ | for Mills B and F.

The variances on two samples tested at Mill I (one sample from Lot

l 1492 and one from Lot 1482) were significantly greater than those obtained at

t;A 'the Institute on the same two samples. The variability obtained at Mill I was

generally greater than that obtained at the Institute, though not significantly

so,

One sample tested at Mill S yielded a significantly greater variance

i, , than that obtained at the Institute, This sample was from Lot 1489. The var--

; : . iability obtained by Mill S was greater than the Institute variability on three

of the eight samples tested.

~'/ y:. In general, then, the variability obtained on samples tested at the

mills agreed very well with the variability obtained at The Institute of Paper

Chemistry.

T
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.---. .- As mentioned previously, each participant in this second round-

robin study was requested to measure the caliper (flute height) of the fluted

specimens. This measurement was requested because it was thought that dif-

ferences in flute height could cause differences in test results. Thus, it

.-- -might be reasoned that-the lower the flute height or caliper, the higher the

flat crush.

A comparison of the caliper and Concora results is presented in'

Table XIII. Reviewing those results, it may be noted that differences in

flute height were related to differences in Concora results in the expected

manner for three of the mills--namely, B, F, and G. No correlation between

the results was found for Mills H and S and Mill I did not report caliper

readings, so no comparison is possible in this case. The results, therefore,

do not conclusively indicate that differences in flute height are related to

Cpncora differences. However, there is the- suggestion that, at least under

some circumstances, differences in flute height may cause differences in

Concora readings. Until these results can be confirmed, measurement of

pressure on the idler roll and frequent inspection of the slider for stick-

ing are recommended.

It may be further remarked that the procedure used in measuring

flute height in this study was not ideal--it was primarily selected because

it could readily be carried out by the participating mills. Because the

broad base of the depth micrometer will be supported by the two highest flutes,

the measured depth corresponds to neither the greatest nor the least flute

height. Individual flute heights cannot be determined by this method.. In

an effort to determine differences in flute height and to relate such

i



Fourdrinier IKraft Board Institute, Inc.Project 1108

Prgress Report Nine

COMPARISON OF CONCORA FLAT CRUSH AND FLUTE

Concora Flat Crushl p.g.i.
IJP.C. Mill DiPT.,0 % I.. Caliper, tn.a.

I Mill Diff.,b '

Composj� 6Averages

36.5

36.2'

35.9

35.7

36.4

36.8

37.3

37.2.

40 *4

39 *9

38.5

38,2

±2,*2

42-25

+11. 8

+5.8

t3 .8

0.061

0.063

o0.062

0,061

0.059

0.061

0.057

0.061

0.062 0.062

caliper plus .1/8 inch equals flute height.
Based on I.FQC, results as

reference,

Mill

B

B

C

H

I

-3.3.~

-3.2

-8.*1

0.0

S

aIniae

b

0.0

HEIGHT RESULTS
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differences to test results, a device has been constructed along the lines

of a paper micrometer. This device is being used to measure flute_heights

at both ends and middle of the fluted specimens in connection with an in-

struneritation study being conducted at the present time.

The remaining information requested in the questionnaires is tabu-

lated in Table XIV. As may be noted in the table, only Mill S reported any

change in equipment--a new weighing beam in their H and D compression tester.

As in the previous study, pressure patterns were taken by the par-

ticipating mills and returned to the IPC together with the test results. The

pressure patterns are illustrated in Figure 19 and may be compared with the

patterns illustrated in the previous reports. While some changes in pressure

pattern are evident--see Mills G and I for example--it appears difficult

to relate the patterns to the observed differences in flat-crush results.

TABLE

INSTRUMENTAL

XIV

MEASUREMENTS

Platen
Av, Fluting Load Test Speed, Parallelism, Equipment

Mill Temp,, 'F. Range, lb. in,/min, 0,001 in. Changes

B 340 500 0.91 0.5 None

F 350 LOO 1.62 4.0 None

G 345 100' 1.59 1.0 -

H 350 500 1,67 31 

I 345 300 300 30 --

S 350 500 1.69 1.5

" In the previous round-robin, the load range or weighing beam used was re-
ported as 500 lb.

'-A new calibrated beam had been ir-lballed in the compression machine.
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The above study indicates that-there maay be substantial differences

in test results between mills when using the Concora medium fluter under the

conditions existing. It would seem desirable that those mills obtaiJing

_.extremes.-in-test results-examine theirF machines and test procedure critically

to determine whether these test results could be- brought more nearly in line

-with the other mills participating in the round-robin test program.

It should be emphasized that the Concora results are obtained only

after the test specimens have been subjected to a sequence of events involving

different pieces of equipment--i.e., fluter, rack and comb, compression tester.

etc. Further, that instrumental and operational variables arc undoubtedly

associated with each operation and equipment. Therefore, it is to be expected

that the Concora test will exhibit a variability higher than obtained on con-

ventional tests such as bursting strength, tensile, tear, etc..

An instrumentation study has been initiated at The Institute of

Paper Chemistry with the objective of determining mechanical or operational

factors that cause differences in Concora test machine performance. It is hoped

that the results of this study will make possible the establishment of a

calibration procedure which, if adhered to, will permit the maintena-ice of all

Concora testers within a given specified calibration range or tolerance. In

addition, the study should provide information as to how the test level oC a

given Concora may be changed to brin, it into calibration with another.

Such a calibration procedure is necessary before the establishment of

specifications or standards for medium based on Concora values. An instrument

has been loaned to The Institute of Paper Chcmistry for this study by the in-

strument manufacturer, Liberty Engineein ng Co,, Beloit, Wis. Among the variables

being studied are the following

--�-
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I. Preparation of, fluted mediums for testing. 

A. Condition of rack and comb

BH Methods of taping

. - C. Removal-of-specimen from rack 

IIL Concora operation. .

A. Roll temperature--uniform and nonuniform

Be Pressure roll assembly

1. Sticking slider

2.. Spring pressure

3.. Uneven pressure

4. Roll worn into hot-plate surface

5, Warped plater

C. Drive roll assembly

D, Roller bearings

E, General

1, Dry lubricants

2 Fluid lubricants

;;^ tt»
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SUMMARY -

At the request of the technical committee of the Fourdrinier Kraft

Board Institute, a round-robin study was made of the-Concora medium fluter

in order to determine the magnitude of difference existing in test results

obtained between laboratories. Five samples of corrugating.mediums were

selected by The Institute of Paper Chemistry, cut, randomized, and sent to

each participating mill laboratory, together with instructions for, forming

and testing, A questionnaire was also sent so that information could be ob-

tained covering the physical adjustments of the test equipment which might

be of value in interpreting the test results,,

A total of eighteen Concora testers participated in this study.

The results indicated the followings

1. No given mill retained the same test order relative to the

other mills throughout all sample Lotso

2, When the results obtained on The Institute of Paper Chemistryz

Concora tester are used as an arbitrary reference level, the test results

varied on an average for all. sample lots from a -9,A% for Mill G to a -6,2%

for Mill S.

3, Eleven of the seventeen mills exhibited composite averages

which were within a_ ,i% range of the composite average obtained on The In--

stitute of Paper Chemistry tester (identified as Mill C), When a range of

* 2.5% is concerned, only seven of the seventeen mills fell within that

range, These were Mll5s E, K D, iN. P, and J,

1,. A sratist.ical a:ialyJi.s based on the t-test was used to

_c Li_
_ _ _^,.
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determine whether the differences in test results were significant, The

following results were obtained.

a, The results obtained by Mill K were not significantly

different from the corresponding results obtained on The Institute of Paper

-Chemistry tester.,' -

b. The results obtained by Mills g, M, and P differed sigj-

nificantly from The Institute of Paper Chemistry results in one instance

out of five for each mill,.

c. Mills B0 D; J L, N, and 0 exhibited significant differences

in two out of five cases; Mills A, R. and S three out of five.

d. Mill G differed significantly from The Institute of Paper

Chemistry results on all five samples, whereas Mills F; H, and I differed

significantly on four out of the five samples. This indicates that if The

Institute of Paper Chemistry results have any significance as a reference

level, then it would appear that attention should be focused on Mills G, F,

H, and I to try to bring then into calibration with the reference since they

are the farthest out based on the results of this sruidy,

5. No correlation was found to ex'St between Concora corrugating

roll pressure pattern and the test r-esuts except that inl general the mills

exhibiting exceptionally high ,esullt elso exhibited uneven pressure patterns

whereas low results were associated with normal: or uniform pressure patterns.

After the above results ,i-ere reviewed by the Technical committee

of the Fourdrinier Kraft Board Tnsitui.i. The Institute nf Paper Chemistry

sent additional test samples to six L' the mills which hed participated in

the first round-robin study of the Cn:,.o.-a mndiun: tester Samples were se;.t
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to the four mills (G, H, F, and I) which had exhibited particularly high

Concora flat-crush results in the original study and to the two mills (B

and S) which had previously exhibited results-on the low side. Four-

sample lots of corrugating medium were carefully sampled and two samples

of ten specimens from each lot were sent' to each mill. Duplicate samples

were retained and tested at The Institute of Paper Chemistry. No changes

in test procedure were made; however, each mill was requested to make

measurements of flute height or caliper of the taped specimen prior to fluting.

In general, the variability obtained on samples tested at the mills

agreed very well with the variability obtained at The Institute of Paper Chem-

istry.

The Concora flat-crush results showed that Mills G. H. and I, which

exhibited high results in the original study, appeared to exhibit equally high

results in this investigation. On the other hand, Mill F. which also was high

in the original study, now reported results which were in reasonable agree-

ment with the Institute results, The remaining two mills (B and S) which re-

ported lower results than the Institute in the original study now also appear

to he in reasonably good agreement with the Institute.

A comparison of the caliper and Concora results showed that differ-

ences in flute height were related to differences in Concora results in the

expected manner for three of the mills--namely, B, F, and G, iNo correlat.i.'

between the results was found for Mills H and S, Mill I did not report cal.

per readings, so no comparison was possible. While these results do rot

I

. --------- .--I

i
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conclusively indicate that differences in flute height are related to Con-

cora differences, there is a possibility that, at least under some circum-

stances, differences in flute height may cause differences in Concora readings.

It is recommended that attention be given to machine and opera-

- tional characteristics of each sequence in the Concora test, especially

those mills which exhibited the most divergent results in order to see if

these testers can be brought into proper agreement or calibration. For

this purpose, an outline of calibration and test procedure is appended to

this report.
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CONCORA MEDIUIM'FLUTER OPERATIONAL PROCEDURE

PREFACE

- -- .. - -- The precision of the Concora medium test is influenced by mate-

rial, instrumental, and operational variables;. Specifically, these vnria!jle:j

consist of the variability associated with the sample, the variability due tL

sample preparation, the variability associated with the Concora medium. fluter,

the variability associated with the rack and comb facing operation, the condi-

tioning procedure between the facing and testing operation, the variability

associated with the compression tester, and the variability associated Wi.i:n

the operation of the compression tester. The following procedure is recom-

nmended as a guide for reducing the variables e. xcept those associated with the

sample itself. The procedure is composed of sections dealing with each phase

of the testing operation in sequence from sample preparation to the reporting

of the compression values obtained.

PROCEDURE

SAMPLE PREPARATION

A. SpecinLen Size

The fluter was designed to test a backed strip containing ten flute

tips. This requires eleven lines of attachment between the corrugated redium,

and the pressure-sensi;ive backing tape. Thus, specimen length docs not appear

to be critical as long as eleven lines of attachment arc obtai.r!ed based a.. a

1% tolerance in area, the specimen width should be cut 0.5' 0,005 inch, with

the sides straight and parallel to one part in onle thnusaid. Specimen lerngit

4 

i
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is recor.mended as six iches.. 

B. Conaditioninp

Moisture content of the test specimen prior to corrugating does - -

not appear to be critical as judged by a change of less than 1.5% in test

results between samples conditioned at 25% relative humidity and samples

conditioned at 85% relative humidity (2,i). Unless a sample is noticeably

moist, exposure in a 50% atmosphere for 1/2 hour formally is sufficicct-

conditioningn prior to forcing.

II. !THE CONCORA MEDIWI FLUTZR

A. Fluting Te-perature

The temperature or the corrucating rolls should be 350 + 25'F.

when measured by an accurate contact pyrometer with the rolls stationary

If the difference between the two rolls exceeds 50°F., remove the rolls

and check the temperature of the hot plate under the rolls. The pressure

roll may be removed after backing off the plate on the side of the hot

plate to ren.ove the spring tension on the roll and then removing the cap

screw over the bearing. Before lifting the roll, marks should be made

on the teeth to permit replacing with the same teeth in mesh. The driving

roll may be removed by removing the screws holding the upper.yoke and care-

fully lifting the yoke vertically, The removal of both rolls is facilitated

by inserting screws in the two threaded holes in each roll. Under no circum-

stances should the rolls be pried away fro:.i the hot plate because burrs can

easily be raised which preve.it adequate contact beftwee:I the rolls and the

hot plate.
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1. If the hot plate temperature appears to be uniform, check

for the reasons for poor heat transfer to the rolls. Thi; I..e." i, due to

caking of the dry lubricant, too .ucch dry 1ur, an., C 'l.. · ea;1l,'I

.. .properly on the hot plate due- to- --- - - .

a. Warped hot plate. Check by placi.:l -straip:tl, ecdro-; ;ur-

face of-clean hot plate. If light can be seen between hot plate and strai;:ht

edge, it indicates that the plate is warped and should either be straightened 

or replaced with a flat plate.

b. Gear box spindle not at right angles to hot plate. If

the hot plate is not warped, the alignment of the gear can be checked by

inserting a feeler gage between the driving corrugating roll and the hot

plate. If there is clearance on one side but not on the other, the assembly

should be realigned. The equivalent normally can be accomplished by shift-

ing the gear box slightly.

c. If a feeler gage can be inserted between the hot plate

and the entire periphery of the driving corru"atiin rll, the collar an

the Lear 'box sh aft m"ay ec holding the shaft so hi'gh that the 0i-;.Dilig cor-

rugating roll cam.lot rFull- soit nn i -v't ria. Thi:3 ilay bo rm":.ed.ld

b-y r-is3ing the collar slightly;

d. If a feeler Cage can be inserted between driven corru--

gatinc roll and the hot plate, ;he roll is not seating correctly. This in-

dicates that the pressure spindle may be cocked or the corrugatinE roll is

too tight on the spindle.

2. It a ter.,peraturc difference exists on the hot plate, check

the electrical resistance of the individual heating elc e:ts wi'! an ohm-
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Thrfeter catable o'fedg 50 LO 55 oimrl~s. if" hig-hrei utrculmrb oes

~~uW~~tl! the- Cool reg~nn, ShiJft tire elefmentsu to eala~ico L~ti o TSSG'

Liarce~i l~jI ara 'r sre-lace ele 'co ts. Elenients ur'ay al-so 1ho interchalngun

as required to balance the hecat. If' there is no relationship bet~wee.n th~e

- - ~~res-_stan-ce ofC the e-lemenits and the tauipe ra~ure of the hot plate., lnFl.

f~or poor thermal contact between the hneating element a id the ho~t plate~

Bend, clean or adjust element as needed to provide ;-ood contact.

B. The Pressure on th-e Corrur~ator Idler Roll (Drive~n Roil) Should Be

20 to 24 Pounds

A corlve~crlet way to c!eck thisis by tie so~3 o a springLScale

can~abIs of mcasuring, force Sfl nofl-'YouiM 2•ifcnr~ents, The' scale `s atca

t) tl ccŽ.rul Cr-u 're de''Ol anid the wzm 71fwrca rcqlijred toi

just cause a separation of th- corrurat~ing, rolls is not~ed. A sticking

slide on the idler roll can greatly influence the mag-nitude of' test~ values

(2 fthe force -c:ystct_:_ t~ie 0 tv 'v2 301 :O 1:rUSStit an

move the pressure Y.l:)!n!o(tetc: rhte LQ& :3t± 

of' the slide, If Sticking is apparent, or if much resistance is encountered,

the slide should be freed up arid relubricated Tditli a sniail amount of dr-

lubricant. It also may be desirable to remove the pressure roll and try

to move the slide while tilting it slightly to see vtnetlher bindirir' occurs.

C. Roller Bearing~s onl Corruvaating Roll Mounits

Because of the heat, these bearin,?s are difficult to maintain.1 in

rmoo condition, It is suggested that thre bearings- be cleaned periodically
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and, when reinstalling -the bearinrgs in the pressure roll, tighten-the cap-

screw "finger tight." The drive roll seems to perform best when there is a

little play vertically between the r11 and its shaft. Under this con-

dition, the two- corrugating rolls have a little freedom to orient the.n-

selves on the hot plate to -give the-best inter!neshing of the teeth.

D. Use of NCR Pacer for Cursory Examination of Concora

It has been found practical to use NCR paper as a coarse check on

the condition of the corrugator. For this purpose, a sandwich of the two

matings--i.e., CB and CF-sheets of NCR paper is prepared one-half inch wide

by thirty inches long and fed into the guide of the Concora. The resulting

pressure pattern is then examined to determine the distribution and intensity

of the pressure in the nip of the corrugating rolls. If the pressure pattern

so obtained indicates an uneven distribution of the pressure in the area

of the flute tips, the following items should be checked:

1. Wfarpage of hot plate--check item II, A la.

2. Gear box drive not allowing rolls to seat fully--

Check items II A lb, C, and d.

3. Uneven pressure on corrugator idler roll--check

item TI B.

4. Faulty roller bearings--check item II C.

E. WarpaFe of Corrurated Test Strip

If the test strip is started in the guide plate too high or tipped,

curvature of the test strip could occur which results in distortion when back-

ing. A distorted strip will not take the compression load uniformly.
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.-- - III. -Facing - - -

A. The comb used to reshape the specimen in the rack is quite

fragile and the teeth may easily be bent or distorted. The free ends of

i= . ..the com:b should be placed against a straight edge to determine if all

teeth touch the straight edge.- Bending-the teeth-with the fingers will 

usually suffice to straighten then if required. After straightening the

teeth, a scale should be placed on the flats to determine whether the teeth

are equally spaced. If adjustment is required, they should be rechecked

with a straight edge.

B. Pressure-Sensitive Tape. It has been noted that different

lots of pressure-sensitive tape No. 400 may have different adhesive char-

acteristics. If a roll is used which does not adhere readily, warming the

tape slightly will sometimes improve the adhesion. Under ideal conditions.

the tape may be applied by finger pressure; however, to insure adequate

adhesion, it is recommended that a rubber roller be fabricated from a large

(No. 12 or larger) rubber stopper so that pressure can be brought te bear on

the flute tips by. rolling the tape after it has been applied.

J4^~ ~C. Re-forming the fluted medium in the rack and taping with fac-

'| ~ ing tape should be done with care to insure that the specimen does not curve

in the rack, A curved specimen cannot be loaded uniformly and will result

in a lowered test,

IV. CONDITIONING

A, The heat applied during the forming operation tends to drive

moisture out of the specimen, During the first few minutes after forming,

I
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both the moisture content and the temperature of the specimen changes most

rapidly. Investigations (-) have shown that there is a marked change in

test results with small changes in time interval between forming and testing.

The test value will decrease as the specimen cools and moisture content is

regained until equilibrium is reached, - - -

B. If tests must be made within a short time lapse, it is recom-

mended that the requisite number of specimens in the sample be formed and

taped in a sequence and then tested in the same sequence so that not less

than 15 nor more than 45 minutes elapse between forming and testing.

V. COMPRESSION TESTING

A. Instrumental Precautions

1. Platen Parallelism.. The surfacesof the platen shall be flat

and parallel to each other within one part in two thousand throughout the test

and shall be so mounted as to have no more than 0,002-inch movement parallel

to the surfacesof the platens.

2, Load Indicating Device, The load-indicating device should be

capable of registering the greatest compression load, in pounds, with an ac-

curacy of 0.5 pound. If a more sensitive weighing beam is used, considera-

tion should be given to the possibility that differences in speed of loading

will occur so that results obtained with a sensitive machine may not be

identical with results obtained with the normal machine. Speed of loading

should be 900 i 300 pounds per minute with the platens in contact with each

other.

i

i
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B;. Operational Procedure

1. The specimen should be inserted on the platens in a repro- 

ducible manner oriented so that advantage is taken of the maximum rigidity

of the platens .

2. With some types of compression machine it is-necessary to use.

abrasive paper on the platens to minimize slippage or roll of the specimen.

VI. REPORT

The maximum peak load shall be observed and recorded for each

test specimen. The average compressive load value for the sample shall be

reported to three significant figures.

The area of the test specimen in terms of corrugated board is

approximately 1-2/3 square inches. Accordingly, the maximum compressive

load in pounds may be converted to unit load (p.s.i.) by dividing by 1-2/3

or more conveniently by multiplying by the reciprocal or 0.6.
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