A DYNAMIC TESTER FOR FOLDING
BOXBOARD SCORELINES

T[mﬂs foe the Dagoee of M S,
MICHIGAR STATE UNIVERSITY

Howard Colburn Blake Il
{860



(U

3 1293

-~
LIBRARY

Michigan State
University



A DYNAMIC TZ3T=ZR FOR FOLDING
BOXBOARD SCORILINES

By

Howard Colburn Blake III

AN ARSTRACT

Subnitted to the College of Azriculture of
Michiman State University of Agriculture and
Applied 3cience in partial fulfillment of
the requirements for the degree of

MASTER OF SCIZNC

=

Department of Forest Products

19260

Approved




AY ABSTRACT

This study was undertziten to develop a2 testing
device walch would evaluate foldinz boxhoard scorelines.
The tester developed bends specimens of folding

boxboard scorelines at rates approximating set-up
machinery speeds. The aazle throush which the specimens
are bent is also controlled.

The force required to beund a scoreline throush any
zivea angle 1s presented in the foram of an oscillozreph
trace. The force measurements are made by exnployin:
bonded strain zazes.

Three scoring variables were used on selected spect-
mens 1in order to demonstrate the device, These variatles
were [MANICO dies versus ensraved steel plate dles, seven
testin  speeds, and scores runnin- parallel to and per-
pendicular to the machine or grain direction of the
specimen board.

The tecster 1llustrated that scorelines running
parallel to the machine direction of the board were less
resistant to bending than those runninz perpendicular to
the machine direction. The scorelines made on enzraved
steel dles were more resistant to bendins than were those
scorelines produced on raNICO dies. Thls was lecause of
a difference in female die width and depth of the score-

lines.
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NTRODUCTION

The folding box industry has long souzht a labora-
tory method of testinc and evaluating folding boxboard
scorelines which would correlate sztisfactorily with
nachine runs. A fast, simple method of testing sample
scorelines would enable manufacturers of folding boxes
to make the correct selection of rule and makeready at
the bezinninz of the production run. Since the scores
determine the performance of a folding box in the set-up
machinery, proper selection of rule and makeready 1is
important to obtain a uniform run.

The device herein described was developed to test
scored boxboard up to and including 0.040 inch thickness,
The speed of testinzg may be varied as can the angle of
deflection throuzh which the specimen is bent. Permanent
records of the bendinz force plotted azainst the anzle
of deflection may be obtained in photozranhic form.
Sprinzback may be read either from the phétographlc record
or from a vernier type drum dial.

The specimens used were cut from ¢.032 inch thick
bending chipboard with a 50 pound per 1000 square feet
printed liner wax-laminated to 1it.

The method of testins employed was to bend the
specimens with the device herein described in order to
demonstrate its effectiveness, The testing of these specimens

was not conducted to evaluate or compare any materials or



combination of variables. The purpose was to demonstrate
the use of the device and its ability to chow changes in

scoreline performance as the scoringz variables are

changed (A).

(A) For a 1ist of scoring variables refer to Appendix B.



PRZVIOUS WORK

Until the middle 1950's, no method of testing score-
lines exlsted except the classic hand and eye method.
This procedure involved bending a scoreline and observing
the bead formation along the inside of the scoreline.
Whether or not the scoreline was too resistant to bending
depended entirely on the bender's Jjudgment.

In March of 1956, the Boxboard Research Associates
designed a bending tester employing principles originally
developed by the Ohio Boxboard Company (3). This pro-
cedure paralleled the classic procedure except that rule
width, makeready width, and depth of penetration were
closely controlled and varied., This allowed any number
of these variables to be studied at the same time while
employing the same board. Strips of board were scored in
several bays of the press, each bay being set up different-
ly. The specimens were then hand folded and compared one
against another,

D, J. Hine of PATRA developed a scoreline tester
employing several conditions encountered in an automatic
packaging line (1). The force required to bend & score-
line was measured by unbonded strain gages, The angular
deflection of the specimen was measured by a voltage drop
across a 30,000 ohm potentiometer. An oscillograph trace
was obtained by feeding the strain gage and voltage drop

signals into the oscillograph. Some variations in



testing speeds were also available.

The Ohlo Boxboard Score Bend Tester was originally
designed to determine the force necessary to set up
folding boxes whose side seam had been zlued (2), The
process was simply to apply force to one corner of a
glued blank and measure the amount of force transmitted
to the diazonal edize, Later modifications have allowed
the force necessary to bend a scored flap to be measured.

Ge. L. Schulz developed a method for testing score-
lines using a Baldwin FGT=-SR-4 Uaniversal Testing
Yachine (4). This procedure also employed an auxillary
500 pound capacity load cell. The specimens were bent
at the rate of four inches per minute. An automatic
recorder plotted bending force azainst anzular deflection.
Springback was measured by means of a protractor after
the specimens were removed from the holders.

In February 1959, the Marathon Corporation developed
a nachine which compared specimens of scored board
against specimens of unscored board (5). The resulting
value represented the force necessary to bend the scored
specimen as a percentaze of the force necessary to bend
the unscored specimen. The specimens to be tested were
placed across two parallel, horizontal knife edzes so
that the scorellne ran parallel to the knives and was
centered between them. A third knife edge was placed

above the specimen and on top of the score. The base



knives were ralsed causing the specimen to bend along the

single knife edge above., The single knife was attached to

a strailn geze network which emitted a signal in direct

proportion to the force necessary to bend the board. This

signal was amplified and recorded.



SCORELINZ TESTZR DESCRIPTION

Specimen Holders

The specimen holders were designed to accommodate
boxboard up to and including 0.040 inch thickness. The
specimen size used was one inch by two and one-half inches
with the scoreline running parallel to the one inch di-
mension, The scoreline was one inch from the end of the
specimen,

The holders were constructed of 2424ST aluminum stock.
They were L-shaped cantilever beams with a stiffening
member added to increase rigidity. The beams were position-
ed on adjacent spur gears so that the flat surfaces of the
longer beam legs form a plane, The surface of this plane
lay 0,020 inch below the center of the spur gear axis and
varallel to the tester's base plate. The specimens were
held by means of plates which lay parallel to the hold-
ers' surfaces, Shim stock was used to raise‘or lower
the specimen so that a plane which passed through the
center of the specimen's thickness also passed through
the spur gear axis,

Torque Measurement (Bending Force)

The force needed to bend the scoreline of a specimen
was measured by a strain gage bridge. The gages were
mounted on a cantilever beam which was delfected by one
of the specimen holders as the scoreline was bent. The

bridge consisted of four Baldwin-Lima-Hamilton SR-4



FIGURE 1, SPECIMEN HOLDERS

PC. 1 M S
0.6250— [ /Lo.)875
—_0.0625
<— — /7500 ————>{
0.2500 —3 |[&—
PC.2 K |
0.6250 — T
<— 0.3750
0./250—> ko 875
@ Pc./ PRILLED & TAPPED  #¢-32 PC.2 DRILLED ™24
@ /70 @
@ D170 @
0.8/25—4
K- 0.0625
—-—| OO0 oOUTSIDE fk/o HOLES .
DRILLED & TAPPED Fo 6-32
0.4375— C[A/TEIt; Hozf"p 5 R
> 0.2/88
> <—ﬁo_.z/88
—> f—o. 4375

——)‘ <« 0.2500

O DRILLED ¢ TAPPED FoR %632 ,0.3750 pp




41

FIGURE 2, BENDING FCRCE NMEASURING CIRCUIT

1R

Baldwin-Lima-Hamilton SR-4, 350 ohm bakelite strain gage

24 volt dry cell
50,000 ohm micropotentiometer (linear)

To amplifier



FIGURE 3. PLACEMENT OF BENDING FORCE
MEASURING STRAIN GAGES AND GAGE BEAM

Strain Gage Arrangement on Beam
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bakelite strain gages, all of which were active. The

gages had a resistance of 350 ohms each., Two gages were
mounted on each side on the beam so that as the beam was
deflected, two of the gages were in tension and two were
compressed,

The signals generated by the gage bridge were fed
into a Tektronix Type 122 Low-Level Preamplifier., The
ampliflied signals were fed into the vertical or Y-axis of
a Du Mont model 304-A cathode ray oscillograph,

Angular Deflection Measurement

Measurement of angular deflection was accomplished
by utilizing a voltage increase caused by 5000 ohm
linear micropotentiometer, The potentiometer was geared
directly to one of the specimen holder's spur gears, As
the spur gear was rotated during the bending of the speci-
men, the potentiometer divided the voltage output of a
45 volt dry cell. This signal was fed into the horizontal
or X-axis of the oscillograph. The distance the oscillo-
&raph beam traveled horizontally was controlled by
ad justing the X-axls amplitude control until the beam
txraveled as far across the screen as desired for any

&1 ven number of degrees deflection.

Dxrive Mechanism

The motor used to power the device was a Redman,
model BL-6, 0,02 horsepower, 3000 rpm, continuous duty

mo tor,
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FIGURE 4, ANGULAR DEFLECTION MEASURING CIRCUIT

<§°‘ ®

22% volt dry cell

1000 ohm potentiometer (linear)
Three position non-shorting switch
0-10 volt direct current voltmeter

5000 ohm micropotentiometer (linear)

'To oscillograph

N2
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The remaining sections of the device were stock

items produced by the Pic Design Corporation of East Rock-
away, Long Island, New York (A). The parts included a
magnetic clutch, medel D2-1, rated at 70 ounce-inches
output torque and a series of reduction and idler gears,
All gzears used were 438 pltch, 0.25 inch tore with either
0.1250 inch or 0.1875 inch face width, These gears
served to reduce the drive motor rotation to the desired
speed for testing and to increase the motor's output torque,
By changing the gear relationships within the gear train,
operations at rates of 100 to 400 cycles per minute were
obtalned. For the tests, increments of 50 cycles per
minute were utilized.

The primary purpose of the magnetic clutch was to act
as an instantaneous coupler between the gear traln and the

spur gear holding a specimen holder,

Controls

The control system for the device consisted of one
A, C, circult which controlled the magnetic clutch and
one D, C, circuit which powered thé clutch.

The 110 V.A.C, circuilt was designed to operate the
drive motor and to actuate a Potter and Brumfleld type
KB latching relay. The function of the relay was to
engage and dlsengaze the magnetic clutch depending upon

how it received signals.,

(A) For complete parts 1list refer to Appendix A,
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The 26 V.D.C. circuilt was used to power the magnetic
clutch, The source for the 26 V.D.C. was a laboratory

power supply augmented by a Superior model 116 powerstat,
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FIGURZ 7. BLOCK DIAGRANM Cr SCOREILINE TEZTZR CCHPONENTS

3 4 ) 6
l. Powerstat
2. D, C. power supply for clutch
3. Control unit
4, Tester
5. Textronix preamplifier
6. Oscilloscope
7. Bridge power supply
8. Preamplifier power supply (6 volts D. C.)
9. Preamplifier power supply (45 volts D. C.)
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EXPERIMENTAL PROCEDURE

Specimen Material.

The test specimens used were taken from materials
furnished by the Carton and Container Division of
General Foods Corporation. The materials were selected
at random from materials used in production.

Specimens were cut from blanks constructed of 0.034
inch thick bending chipboard with a 60 pound per 1000

square feet printed liner wax-laminated to it.

Specimen Machine Direction

The direction of the scoreline in relation to the
machine or grain direction of the board was considered
by using an equal number of specimens having scorelines
parallel to the grain direction and specimens having
scorelines perpendicular to the grain direction.

The widths of the femal dles were greater for score-
lines which were across the grain direction. This was
done in an effort to reduce the normally high resistance

to bending that cross direction scorelines generally have,

~pecimen Scorelines

One-half of the specimens were scored on MANICO
female dies and one-half on engraved steel makeready
Plates,

The scorelines produced on aANICO dies had widths
of 0,084 inch (No. 6 MANICO) for machine direction scores

and 0,099 inch (No. 8 MANICO) for cross direction scores.
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The scoreline depth into the board was 0.031 inch.

Tne scorelines produced on the engraved steel make-
ready plates had widths of 0,102 inch for machine
direction scores and 0.110 inch for cross direction scores,
The scoreline depth into the board was 0.034 inch.

The scoring rules used for all specimens were 0,042
inch wide., All other variables belleved connected with

scoring were held constant.

Specimen Conditioning

The moisture content of the specimens used was con-
trolled by storing the specimens in an atmosphere of
50% 2% relative humidity and 73% 29F for a period of 96

hours prior to testing.

Testing Speed

The speed of testing was varied from 100 cycles per
minute to 400 cycles per minute by 50 cycles per minute
increments., This range of testing speeds was selected
because it approximateé the ranges of today's packaging
lines. The higher speeds were given equal weight with
the lower and middle range speeds because rates of 400

units per minute are now in the experimental stage,

Specimen Sample Size

The number of variables involved in the tests were
burposely kept to a minimum. The three variables used
were the two types of makereadies, the seven testing speeds,

&nd the two directions of scorelines in relation to the



ny
N

machline direction of the board.
These variables resulted in 28 possible combinations,
In order to faclilitate testing, a sample size of filve

was selected., This gave a total sample size of 140

specimens,
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ANALYSIS OF DATA

As stated previously, the tests were conducted to
demonstrate the testing device. Therefore, the following
tables are presented only to 1llustrate the ability of the
machine to show changes in the force required to bend a
scoreline as a result of changes in the scoring variables,

The values of the tending force, break angle, and
springback represent an average vélue of the five speci-
men sample (A). All specimens were bent to 90°, The
angle of 90° was used because this is the angle through
which folding box scorellnes are bent when the boxes are
set up and sealed, All values were obtained from photo-
graphs of the oscillograph traces.

The values obtained for bending force were not in
units of force., They were relative values used to
1llustrate differences in the force necessary to bend
different speclmens,

The values of bending force were seen to follow two
general patterns, The first pattern was a sharp lncrease
in force up to the break angle after which the values
dropped, leveled off, or continued to rise gradually.
These values represented scorellnes perpendicular to the

the grain direction of the board. The second pattern was

(A) Break angle refers to that angle at which the initial
bend occurred, Springback refers to that angle which the
Specimen rmade after the specimen had been bent and released,
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a gradual increase to the break angle after which the values

leveled off or continued to rise, This pattern was typilcal
of scorelines running parallel to the grain direction.

The break angle values for scorelines running per-
pendicular to the grain direction of the board were general-
ly lower than for graln direction scorelines, This was
due to the flbers actually breaking when cross direction
scorelines were bent. In grain direction scorelines, the
fibers pull apart giving a gradual failure,

Springback values for scorelines running parallel to
the grain directlon of the board were generally higher
than for cross direction scorelines, This too is due to

the fibers rupturing in cross direction scorelines,



TABLZ I

AV3IRAGE VALUZES OF EZIDINZ FORCZ OF SPT
TESTEZD AT 100 CYCLES PER MINUTE

MANICO SNGRAVED
MAKEREADY MAKEREADY
DEFLECTION  WITH ACROS5S WITH ACROSS
GRAIX GRAIN GRAIN GRAIN

5 0.5 2.3 0.5 4.0
10 2.0 4,9 2,3 7.1
15 2.5 6.0 3.3 Te3
20 3.1 5.9 4.8 6.7
25 3.1 5.5 5.1 5.5
30 2.3 5.6 4,9 5.4
35 3.5 5.5 4.9 S.4
40 3.7 5.7 4.9 6.3
45 3.8 5.9 4,3 5.5
50 2.9 6.0 4.3 5.5
55 4,0 5.2 4.8 6.7
60 4.1 £.2 4.7 .7
55 4,2 6.2 4.3 6.3
70 4,2 5.2 4.7 6.5
75 4.3 6.5 4.7 5.3
80 443 5.6 4.8 6.5
85 4.3 5.6 4,8 5.3
90 4,4 Co7 4.3 5.7

*Values of bending force are relative. The units used
represent the distance the force signal traveled on the
oscillozraph screen.



TABLE II

AVERAGS VALUES OF BENDING FORCE OF SPZCIMENS
TESTED AT 150 CYCLES PER MIKUTE”

MANICO ZNGRAVED
MAKERZADY ¥AXERZADY
DIFLECTION  WITH ACROSS WITH ACRO33
GRAIN GRAIN GRAIY GRAIN

5 1.0 1.3 0.9 3.3
10 3.0 5.0 2.3 6.2
15 4.3 5.4 3.2 7.5
20 4.8 5.5 3.5 7.3
25 5.0 5.5 3.7 7.0
30 5.0 5.5 3.3 7.0
35 5.0 5.3 3.8 7.1
40 5.0 6.0 3.8 7.3
45 5.1 6.1 4,0 7.5
50 5.1 6.3 4,1 7.6
55 5.2 6.4 4,2 7.8
50 5.2 6.5 4,2 3.0
65 5.4 6.7 4,2 8.3
70 5.6 6.3 4ob 3.5
75 5.8 6.9 4ob 3.3
80 5.9 7.0 4,5 9.0
85 6.1 7.1 4,6 9.3
90 6.4 7.2 4,6 9.5

*Values of bendinz force are relative. The units used
represent the distance the force signal traveled on the
osclllograph screen.



TABLE III

AVERAGE VALUES OF BEUDIYS FORCE OF SPZCIMENS
TESTED AT 200 CYCLES PER MINUTE™

DEFLECTION

5
10
15
20
25
30
35
40
45
50
55
60
55
70
75
80
35

90

MANICO
MAKEREADY
WITH ACROSS
GRAIN GRAIN
1.2 2.7
2.4 5.8
3.5 5.1
3.9 6.1
4.1 €.0
4.1 5.9
4,2 5.9
4.4 6.2
4.5 6.2
4.6 6.5
4.7 6.3
4.9 7.0
5.1 7.2
5.2 7.5
5.3 7.8
5.5 8.1
5.6 8.4
5.7 8.7

ENGRAVED
MAKERZAD

WITH
GRAIN

0.8
2.3
4.5
5.4
5.4
5.4
5.4

5.5

6.1
€.1
£.2
6.3

*Values of bendinz force are relative. The units

represent the distance the force sicnal traveled on the

oscillograph screen.

Y

ACROSS
GRAIK

3.0
5.4
7.4
7.1
7.0
7.0
7.0
7.0
7.2
T4
7.4
7.6
7.8
8.0
8.1
8.1
8.1
3.1

used

27



TABLE IV

AVERAGZ VALUZES OF BZINDING FORCE OF SPZCIMENS
TESTED AT 250 CYCLZS PER MINUTEX

MANICO ENGRAVED
MAKEREADY MAKZREADY

DEFLECTION  WITH ACROSS WITH CROSS

GRAIN GRAIN GRAIN GRAIN
5 1.7 4,3 1.8 5.2
10 3.2 5.3 3.8 7.2
15 3.9 6.5 5.3 7.2
20 4ok 6.5 5.3 7.2
25 4,7 5.6 5.3 6.9
30 4,9 6.5 5.3 6.8
35 5.0 6.5 5.3 6.9
40 5.0 6.8 5.3 7.0
45 5.1 6.8 5.3 7.2
50 5.1 - 5.3 5.3 T.4
55 5.2 6.7 5.3 7.5
60 5.2 5.7 5.3 7.5
£5 5.2 €.7 5.5 7.7
70 5.3 6.7 5.5 T.7
75 5.3 5.8 5.6 7.8
g0 5¢3 7.0 5.7 7.8
85 5ok 7.1 5.7 7.8
90 5.5 7.2 5.9 7.9

" *Values of bending force are relative. The units used
represent the distance the force sisnal traveled on the
oscillograph screen.



TABLE V

AVERAGE VALUZS OF BZINDING FORCE OF SPZCINMZIN

T3STED AT 300 CYCLIZ3 PER MINUTZ¥

MANICO
MAKEREADY
DEFLECTION WITH ACROSS
GRAIN GRAIN

5 1.4 4,0
10 2.5 5.7
15 2.1 5.7
20 2.3 5.7
25 3.5 5.3
30 3.8 5.9
35 5.8 5.1
490 4.0 €3
45 4.0 .4
50 4,1 6.5
55 4.2 5.6
60 4,2 6.6
65 4,4 6.3
70 4,6 6.9
75 4.8 7.1
80 5.0 Te.2
35 5.6 Te3
90 5.8 T3

P

ENGRAVED
MAXERZAD

WITH
GRAIN

1.3
3.5
4.7
5.3
5.5
5.7
5.3
5.5
5.9
6.0
6.1
5.1
6.1
5.2
€.4
5.6
5.7
6.9

*Values of bending force are relative. The units
represent the distance the force signal traveled on the

oscillograph screen.

3
9

Y

ACROSS
GRAIN

5.3
7.3
7.9

9.9
10.1
10.3

used

29



TABLZ VI

AVERAGE VALUZS OF BENDING FORCE OF S ¢VIMDF°
TESTZED AT 350 CYCLES PZR MIKUIZE

MANICO ENGRAVED
MAKEREADY MAKEREADY
DIFLECTION  WITH ACROS3 WITH ACROS3
GRAIN GRAIN GRAIN GRAIN
5 0.9 6.1 1.5 5.3
10 3.0 £.5 3.3 7.5
15 4,0 5.5 4.6 3.1
20 4.5 6.5 5.0 8.3
25 4,9 5.7 5.4 2.4
30 5.3 5.8 5.4 8.7
35 5.5 =9 5.5 3.8
490 5.3 Te1 5.7 3.9
45 5.9 Te2 5.9 9.1
50 5.0 T4 5.0 9.3
55 6.1 Te5 A S~ 9.5
50 6.3 TeT 5.3 9.7
65 6.4 7.3 6.5 10.0
70 5.7 8.3 £.8 10.4
75 7.2 8.3 7.5 10.8
80 7.8 9.0 3.5 11.6
535 3.2 9.4 9.5 12.2
90 3.6 9.5 11.0 12.3

3

Values of bendinz force are relative. The units used
Tecoresent the distance the force sienal traveled on the
0Scillograph screen.



15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90

*Values of bending force are relative.

TABLE VII

AVIRAGZE VALUZS OF BENZINT FORZE CF SP;CIMENS
TZISTED AT 4C0 CYCZLZS PER MINUTZE

MAYICO
MAKZREADY
WITH ACRCSS
GRAIN GRAIN
1.5 3.0
4.5 5.2
5.3 7.0
5.6 7.1
5.2 7.2
6.1 7.3
&, 7.5
.4 7.6
5.5 7.7
€.5 7.8
5T T+9
5.3 8.0
Tob 3.2
3.0 8.3
9.1 8.3
10.3 9.0
11.7 9.5
12.7 10.0

ENGRAVZED
MAKEREADY
WITH ACROSS
GRAIN GRAIN
3.0 4.8
5.0 7.3
5.7 8.2
5.0 3,2
5.5 3.3
5.9 8.3
5.8 8.3
5.7 3.3
6.9 8.3
6.8 8.4
5.9 8.7
7.0 S.1
7.2 9.5
7.5 10.0
8.0 10.5
8.3 11.0
9.1 11.5
9.8 12.0

The units used

21

represent the distance the force siznal traveled on the
oscillograph screen.
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TABLE VIII 30

AVIRAGE VALUZS OF THE BRZAKING ANGLE™

MATICO ENGRAVED
MAXERZADY MAKEREADY
TESTING WITH ACROSS WITH ACROSS
SPZED GRAIN GRAIN GRAIN GRAINW
100 13 15 18 12
150 20 11 17 12.5
200 17 14 13 13
250 17 13 17 10
300 13 9 13 9
350 13 8 15 13
400 15 15 11 9

* Break an~le refers to that an~le at which the initial

bend occurs, All values are 1n degrees,

33
Cycles per minute,



TESTI)G

SPEED
100
150
200
250
300
350
400

s
*©

TABL=Z IX

AVZRAGE VALUZS OF SPRINGBACKY

MAKICO
MAKEREADY
WITH . ACROSS
GRAIN GRAIXN
32 17
25 23
25 23
32 32
28 27
22 24
13 13

-
""Cycles per minute.

All values are in dezrees.

ZINGRAVED
MAKEZREADY
WITH ACROSS
GRATIN GRAIN
17 19
25 15
25 23
30 18
22 22
20 19
10 25

33



TABLE X 34
AVERAGE VALUES OF BREAKING FORCZ’

MANICO ENGRAVED
MAKZREADY MAKEREADY

TESTING WITH " " ACROSS ‘" WITH *" ACROSS <
SPEED*¥ GRAIN GRAIN GRAIN GRAIN
100 2.5 6.0 4.6 7.3
150 4,8 5.3 5.3 7.4
200 3.8 6.1 5.2 7.3
250 4.1 6.5 5.3 7.2
300 3.9 5.9 5.1 7.8
350 4.8 6.4 4.6 8.1
400 5.1 7.0 5.2 7.8

* Breaking force refers to the value of the bending force
at the break angle.

**Cycles per minute,



CONCLUSIONS

The tests indicated that the tester is capable of
11lustrating scoreline variations in three areas.

The direction of the scoreline in relation to the
crain direction of the board was the most flexible
variable. In all cases, the force required to bend
scorelines parallél to the grain direction was consider-
ably less than the force required to bend scorelines
perpendicular to the srain direction. The breakXing anzle
was generally csreater for wlith-zgrain scorelines than for
across-zrain scorelines. Springback was generally less
for with-grain scorelines than for across-grain scorelines,

The variation of bendin~ force as a function of
makeready width and depth of scoreline was conclusively
illustrated. There was evidence that wide, shallow
scorelines are somewhat more resistant to bending than
narrow, deep scorelines.,

Variation in bendint force, 2s a function of testinc
speed, was showvn by an increase in bendins force required
as testing speed increased. The force required to break
the scorelines was greatly increased as the testiny
speed increased. This would mean that as testing speeds
increase, the scorelines should be narrower and deeper 1if
1t is desirable to have all the specimens perform about the

Same,



RECOMMENDATIONS FOR FUTURE DZVELOPMENT
OF TH&Z SCORELINz TESTER

Replacement of the gear train by a varlable speed
motor or by a trancmission or a variable speed reducer
unit would decrease vibration, allow quicker changes in
the testing speed, and greatly reduce operation noise.

In order to test specimens at rates above 400 cycles
per minute, the magnetic clutch used should be replaced
with a clutch-brake combination. This would allow the
torque to be applied through any angle and then the rota-
tion stopped at any angle,

The mass of the dynamic specimen holder assembly
should be reduced as much as possible., The smaller the
holder assembly mass, the less inertia it will present
when the specimens are belng stopped at the test angle,
The present holder assembly has a tendency to ride past
the test angle.

Some other method of measuring angular deflection
may be desirable. The turning friction of the micropoten-
tiometer may cause springback values to be too high.

Coupling the oscillograph camera into the cycling
circuit so that there is no danger of obtaining an
incomplete trace record may be desirable,. Emplojing
a8 timer to hold the shutter open is another solution.

The main danger 1s not obtaining accurate springback

measurements,



Calibratin> the strein saze bridce in units of
ounce-inches or zrams-millimeters would z2llow actual
rhysical unit values to be cobtained. Tnese values may te
of sreater iInterest than relative values.

These recommendations are made on the basis of ex-
perience and observations. They were not incorporated
into the tester because the time and materials were not

available,
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APPENDIX A, OPZRATION OF THZ SCOREZLINZI TZ3TER

1l.) Select the correct cear relationships for the
desired testinz speed from the zear chart. Use care

to assure proper gear alignment when adjusting gears.
2.) Refer to circult diacrams for correct voltaces

and currents. OVERLOADING OF DIRECT CURRENT CIRCUIT
WILL CAUSZ COMPONZNT FAILURSZ.

3.) Adjust the microswitch activatinz cam to obtain
the desired deflection. Thls must be done by trial due
to the 1lnertia of the movingz specimen holder assembly.
4,) Selection of oscillograph and preamplifier
settincs are dependent on the materizl being tested.
The most favorable settings must be obtalned by trial.
5.) Shim stock or other suitable rizid filler must be
used to raise the center of the specimen's thickness so
that 1t passes through the spur gear axis.

6.) If photozraphic récords are colng to be teken,
select proper camera acdjustzents and oscillograph
intensity settings.

7.) Place specimen in holders. Do not tizhten clamps
down excessively tigcht.

8.) Open camera shutter and press cycle switch. DO NOT
HOLD CYCLE SWITCH BUTTON DOWN. Close camera shutter

as soon as specimen has sprung back.

9.) Do not leave oscillograph intensity on a hizh

setting when developing plctures or changing drive gear
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relationships.

10.) For =2dditioncl syecimens, reve

- -+
] S»C

Sy

N
S seven ena

L&

eisht, Frequent chec!”s on the position of the oscillo-

craph beam's position whould be made to assure repeatibi-

lity of traces.



TESTING SPLEZD GIZAR SILECTIOCN CHART

KOTOg REDUCTION CPERATING

GEAR GZAR SPEZD
35 40 1C0
72 30 150
72 40 200
72 50 250
72 =0 200
72 70 350
72 30 400
72 90 450
T2 100 500
72 110 550
72 120 €00

"Gear values indicate teeth number.
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FIGURE 10, FULL SCALE DRAWING
OF THE SCORELINE TESTER UNIT
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Unless otherwise stated, all parts used in the con-

struction of the Scoreline Tester Unit were manufactured
by the Pic Design Corporation, East Rockaway, Long Island,
New York., The part numbers listed were taken from the
Pic Master Catalog number 21,
1. Bud CU-2106A Minibox
2. Strain Gage Beam (Fizure 3.)
5. C1-3 Set Screw Collar
4, A3 Series 5Shaft
5. R5<12 Douﬁle Shaft Hanger
€. E2-7 Flanged Ball Bearing
7. BQ2-20 Gear Blank
8. Specimen Holders (Figure 1.)
9. G8-120 Spur Gear
10, R1-10 Universal Shaft Hanger
11. 2-21 Engraved Drum Dial
12, Pl-3 Adjustable Cam Assemxbly
13, Cl-3 Set Screw Collar
14, T7-3 Oldham Coupling
15, ©Sl-3 Component iMounting Hanger
16, Assembly consisting of one each:
12-2 Cleat
Y6-4 Washer
Y1-4-V Screw
17. DzZ-1 Magnetic Clutch
18., 19. N3-3 Miter and Bevel Gear Set
20. G8-120 Spur Gear
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21, Bud CU=-2102A Minibox

22, G7-120 Spur Gear

23, a3 Series Shafts

24, G7-120 Spur Gear

25. This gzear 1s changed to create desired testing speed.
26, G8-120 Spur Gear

27. This gear i1s changed to create desired testing speed.
28. AO0-1T Caz Switch Hanger

29, Type 2HBT23-1 Microswitch

30, IRC 5000 ohm, 10 Turn kicropotentiometer

31. Redman Model BL-6, 0,02 h,p.

32, ©Sl-6 Component Mounting Hanger

33, G8-120 Spur Gear

Bage consists of a BB2, 8" x 16" Breadboard Plate,



APPENDIX B. SCORING VARIABLES

Calipher of board

Board material

Grain direction

Moisture content

Width male

Width female

Male corners

Female corners

Depth of penetration
Motion of scoring machine
Speed of scoring machine

Pressure of scoring machine



APPENDIX C. BENDING FORCE - ANGULAR DEFLECTION GRAPHS



JRAPH I

Bending force - angular®deflection graph for
tested at 100 cycles rer minute,

- MANICO makeready machine direction
—X- MANICO makeready cross direction
-A—- Ingraved makeready machine direction
—5%-

Engraved makeready cross direction

specimens
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GRAPH 11

Bending force - angular delfection graph for specimens
tested at 150 cycles per minute,

—~ MANICO makeready machine direction
—> FKANICO makeready cross direction
—— Engraved makeready machine direction

-~ Engraved makeready cross direction
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GRAPH III

Bending Force - angular deflection graph for specimens
tested at 200 cycles per minute.

-~ FKANICO makeready machine direction
¢~ MANCIO mekeready cross direction
-~ Engraved makeready machine direction

—&— Engraved makeready cross direction
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GRAPH IV

Bending force - angular deflection graph for specimens
tested at 250 cycles per minute

—— MANCIO makeready machine direction
—~ MANICO makeready cross direction
—A~ Engraved makeready machine direction

—50— Engraved makeready cross direction
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GRAPH V

Bending force - angular deflection graph for
tested at 30C cycles per minute. -

— (- MANICO makeready machine direction
__¥— VMANICO makeready cross direction
~/\- - Engraved makeready machine direction

— "»— Engraved makeready cross direction

specimens
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GRAPH VI

Bending force - angular deflection graph for specimens
tested at 350 cycles per minute,

-5~ MANICO makeready machine directlon
X~ MANICO makeready cross direction
—A— ingraved makeready machine direction

—%- Engraved makeready cross direction
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GRAPH VII

Bending force - angular deflection graph for speclimens
tested at 400 cycles per minute,

—6O— MANICO makeready machine direction
%é MANICO makeready cross direction
—A~ Engraved makeready machine direction

—{&%— Engraved makeready cross directlon
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APPENDIX D, - BENDING FORCE - FREQUENCY GRAPH
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GRAPH I

Bending force - frequency graph.

—(>— MANICO makeready machine directlon
— X~ MANICO makeready cross direction
—A~ Engraved maskeready machine direction

—&)— Engraved makeready cross direction
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APPENDIX E, BREAK ANGLE - FREGUENCY GRAPH
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GRAPH 1

Break angle - frequency graph.

—O— MANICO makeready machine direction
-—X%— VMANICO makeready cross direction
—/5- Engraved makeready machine direction

—&&— Engraved makeready cross direction
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APPENDIX F. SPRINGBACK - FREQUENCY GRAPH



GRAPH I

opringback - frequency graph.

—— MANICO mekeready machine direction
—%— MANICO makeready cross direction
—A— Engraved makeready machine direction

—-5— Engraved makeready cross direction
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