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OUTLINE

- PROJECT OBJECTIVES

- OUT-OF-PLANE FLUID-FILLED WHEELS SETUP:

- Signal processing

- Frequency domain analysis

- IN-PLANE ULTRASONIC ROBOT TESTER:

- Polar diagram lean angle accuracy

- FUTURE WORK
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PROJECT OBJECTIVES

I

- Investigate physical properties of paper

and board materials.

- Relate measured parameters to end-use performance. I
- Relate measured parameters to machine and |

process variables.
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OUT-OF-PLANE FLUID-FILLED WHEELS SETUP
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I ~~~~~~~~~Reference signals (captured without paper):

I ~~~~~~~~~~~,= d/vf

1 ~~~~~~~~~~t2 =(d +2 dl)/vf

3 ~~~~~~~~~~t3 = (d. + 2 d2)/vf

Paper signals:

3 ~~~~~~~~~~t1. = At + (d - Ad)/vf

U ~~~~~~~~~~t,= At + (d. - 2di, -,&d)/vf

3 ~~~~~~~~~~t3' = At + (d - 2d2' - Ad)/vf

ty = 3 tI
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I
I
I

Apparent sound velocity in fluid:

Caliper:

Ad = V1<Atl.1 - (At2.2 + A~ty 3)12)

*Ad = d - vf(t 2'1 ' + t1,2

Transit time:

At = At1.1 + Adlvf

At = At5 '1 ' + (Ad - d)/vf

Sound velocity in paper:

vp = Ad/At

I
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XCHW method: Ref #1 and J #1
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IN-PLANE ULTRASONIC ROBOT TESTER:

--- > Polar diagram lean angle accuracy

- Typical polar diagram simulated by an ellipse

- For a predicted lean angle, polar diagram data points

computed as a function of selected stepping angle

- Lean angle calculated using maximum moment of inertia
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I
FUTURE WORK

I
- Out-of-plane fluid-filled wheels setup:

- Continue signal processing development

- Continue frequency domain analysis

- Investigate dispersion and sound attenuation

I
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FUTURE WORK

- Fiber orientation anisotropy in paper:

- Improve microwave attenuation instrument

to perform polar diagram measurements

- Compare in-plane microwave and ultrasonic

polar diagram measurements
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FUTURE WORK

- Investigate elastic properties of paper

submitted to microwave plasma etching

- Explore acoustic radiation pressure effects

on fluid suspended fibers
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FACTORS DETERMINING SHEET STRENGTH
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RELATIVE BONDED AREA

R B A - (Au - As)/Au

Au = AREA OF COMPLETELY UNBONDED SHEET

A s - AREA OF SAMPLE SHEET

ASSUMPTION: A = kS
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RELATIVE BONDED AREA

RBA = (So - S)/So

So = Scattering from completely unbonded sheet

S = Scattering of sample sheet
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Z-TOUGHNESS vs. RBA
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DEPENDENCE OF Z-TOUGHNESS ON RI
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TENSILE INDEX vs. Z-TOUGHNESS
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COMPRESSIVE STRENGTH vs. Z-TOUGHNESS, 50% RH
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COMPRESSIVE STRENGTH (50% RH) vs. Z-TOUGHNESS
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COMPRESSIVE STRENGTH (50% RH) vs. TENSILE STRENGTH
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COMPRESSIVE STRENGTH (90% RH) VS. Z-TOUGHNESS
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DETERMINATION OF SPECIFIC Z-TOUGHNESS I 
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01-01-33A

05-01 -33A
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16-01-26A
1 6-01-33A
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5. 70

-0.52
-1. 27
N. S.

-51. 31
-4. 82

1. 09
1.89

ROTATION
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33.4
34.2
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N. S.
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20. 8

25. 6
N. S.

VARIATION
sigma
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2.00
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1.49

0.97
0.99
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Variables Studied

Variable

Freeness (CSF)

Wet Pressing

Strength Additive (%1

Speed .(fpm) 200,400 200,400

I
200,400

1 A AA~nvicw-l nf f1-a npiiin, wpf nrpqinip' level-
IL X*_%W...4.ALL V %,%, 16 J'.4 bLI- - - - .- r----C - - - --

I

Level

I

250
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400
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325

L, M

0.5,1%

I
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SAMPLE TRANSLATI ON
t

01-01-26A
01-01-33A

05-01-33A
05-01-42A
05-01-69A

06-01-42A
06-01-69A

16-01-26A
16-01-33A

8. 19
5.70

-0.52
-1.27

N. S.

-5.31
-4. 82

1.09
1.89

ROTATION
r

33.4
34.2

33.4
37.6
N. S.

17.2
20.8

25.6
N. S.

VARIATION
sigma

1.21
1.20

1.30
. 90

2.00

1.41
1.49

0.97
0.99
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I
Variables Studied

Variable

Freeness (CSF)

Wet Pressing

250

L, M

Strength Additive (%)1

Level

325

L, M

0.5,1%

I
400 I
L,M I

Speed (fpm) 200,400 200,400

I
200,400

1 Additive used at the mnedillm wet nressing level.
... 1 -- -.. .-- c

I
I
I
I
I
I
I
I
I
I
I
I
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Figure 7. Growth of Cyandidum Caaidaum (grown on NH,%contdeinaLgT"trium) as a function of temperature. See text for detail..
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