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Flying Characteristics of Running Tape above Rotating Head ([ )
—Experimental Analysis—
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Abstract

This dissertation analyzes the running mechanism of flexible and thin tape above rotating head
through the experiment. The scope of study is confined to measure the vertical deformation of
running tape under hydrodynamic pressure invoking phenomena of elasto-hydrodynamic lubrica-
tion between the protruded bump on a rotating cylinder and the running tape. Experimental
system is devised to measure the vertical deflection of the running tape by opto-electronical
displacement gauge, which enables to detect microscopic surface deflection of high frequency.
Through the tests of small specimens of groove and bump, the accuracy and reliability of this
experimental method is confirmed and achieved an accuracy within 5% (2um) error for the
microscopic deflection with high frequency. In experimental works, the effects of bump size on
flying characteristics of the tape were evaluated and examined. For the vertical deformation of
the running tape. the numerical results and its trend agree qualitatively with the experimental
ones.
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Fig. 1 Principle of the opto-electroical displacement
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Fig. 2 Minimum requirement condition on the dimen
sion of the target in opto-electronical displace
ment device!'”
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Fig. 3 Adopted types of target and illumintations
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Fig. 4 Schematic relations of object, light edge pro-

jector, and measuring telescope lens
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Fig. 5 Schematic view for the relationship of the
actual displacement and measured displace-
ment

Table 1 Representation of the notation for the
displacement of the object and measuring
device

Nomen-

Meaning
clature

O | Center of the cylinder

R Radius of the cylinder

G Light angle from edge projector

g” 1| Light angle to lens

W | Actual displacement of the object

W’ | Displacement of the target position

w” | Measured displacement of the optical target
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Fig. 8 Running mechanism of the running tape and
rotating bump
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Fig. 9 Arrange of opto-electronical displacement
measuring device
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Fig. 10 The concept of flow chart of the data and
electronical signal in experimental system
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Table 2 Characterics of the opto-electronical
displacement measuring device

Item Value
Working distance 213 mm
Displacement range * 5 mm
Resolution 0.4pm
Linearity 0~200 kHz, +1% error
Target illumination 500 Lux min
Low pass filter 5~20 kHz

Rising time within 2.5 us (63%)
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Fig. 11 Schematic view of measuring points for 3
dimensional deformation, with one point yiel-
ding 2-dimensional deformation by running
bump
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Fig. 12 Flow chart of the program for the exper-
imental data management
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Fig. 13 Test models for the adopted measuring meth-

od with small profiles on cylinder
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Fig. 14 The measured shape of the triangular groove
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Fig. 15 The measured shape of the rectangular
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Fig. 16 The measured shape of the circular groove
(U=1.3m/s)
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Fig. 17 The measured spape of the sparp edge bump
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Fig. 18 The measured shape of the cylindrical bump
(U=1.3m/s)
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Fig. 19 The measured shape of the rectangular
groove (U=4m/s)
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Fig. 21 The measured value of maximum height of
cylindrical bump vs. velocity
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Table 3 Result of the experiment for test profiles
Opto-electronical Surface Laser L.
] . Deviation
displacement roughness displacement
Type (%)
meter meter meter
Triangular 1.073mm
eu 1.120mm . 3 - 4.4%
groove (static value)
Rectangular 1.004mm
0.954mm . - 4.6%
groove (static value)
Circular : 0.088mm
0.090mm - ] 2.3%
groove (static value)
Sharp edge 0.065mm
P edg 0.068mm - ) 4.6%
bump (static value)
Cylindrical 0.075mm
y 9.077mm - . 2.7%
bump (static value)

% Note : 1, Deviation=|(static value—measured value)|/ (static value)x100%
2. Measured as static object by surface roughness meter and laser displacement meter and
moving object by opto-electronical displacement meter

T 72 A0 ik B A R (correction factor)
T e8] Folof g}, 74 AF =old A &
ZA#E T <k 5% oo 2A i HW
oAl &4 Ayl & 4AHE 4 + YAk o
A, & d7old AEE olk HYo) g 24 8
W TS 83 dlojxe n|4d £ #HFPE v
23 AHasA 4E 4 vk 2o,

g AY A A A A A AR

% AL 9 dolng vt 24 WYl st
A4 A4¢ +Ye, 49 2de $289 sz
Aolsk Az %9 257 the deiAAl wag A
Aol At 5489 T§ 4Ae LA
2dg A 2 J%e Jaig, 4y 22
€ Table 43 e}, A4 VCRe| #l=of w8 4
Y e 3¢ $289 37 o S2%e oa
2 Heloh. (AVCRS A% =gl Holsh 2o

Table 4 Condition of experimental analysis

Nomenclature Parameters Value & unit
U Relative velocity 4, 4.2, 4.3m/s
T Tension 20N/m
R Radius of cylinder 0.008, 0.031m
q Scanning angle 0
bi+ b Foil width 0.0126m
Ltk Foil length 0.044m
& Light angle from edge projector 25
g’ Light angle to lens unit 0
bz Protrusion of bump center 621075, 7.5x10™°m

Note : Foil length 0.044m is equivalent to 40° wrapping angle on the cylinder
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peformation

Fig. 22 Three dimensional derormation profile of the
running tpe on the rotating bump (bump size
12.6x12.6mm ; r=31mm)
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Fig. 23 Flying height of the running tape on the
rotating bump (bump size 12.6x12.6 mm,
r=31mm)
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Deformation

Fig. 24 Three dimensional deformation profile of the
running tape on the rotating bump (bump
size 5X5mm, r=31mm)

Deformation
0.06 mm

Fig. 25 Three dimensional deformation profile of the
running tape on the running bump
(bump size 2X2mm, r=31mm)
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(b) Calculation

Fig. 26 Three dimensional deformation distribution
of the running tape on the bump (bump size
5x5mm, bz=006mm, r=31mm, T=20N/
m, U=4m/s)
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9 mm Circumferential length

Deformation of the running tape along the
center line of the bump

(bump size 12.6X12.6mm,
r=33mm, 7'=20N/m,{/=4m/s)

bz=0.06mm,
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