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Abstract. The shear strength of the adhesive bonding between slider and suspension is a
vital characteristic for head gimbal assembly. The current shear test method has shown
improper failure modes; therefore, a new system has been designed to improve the slider
shear test. Six sigma framework was applied to redesign the slider shear test system. The
finite element method confirms that new design concept is acceptable because it can yield
the correct failure mode of shear test. Next, the measurement errors of the new shear test
system are assessed using nested gage repeatability and reproducibility NGR&R). NGR&R
of new shear test system is less than 10% which is an adequate gage. Then, the results of
simulation also confirm that decreasing of measurement error can significantly reduce the
over reject rate. In conclusion, new shear test system can be effectively used to reflect the
real product quality and to obtain more accurate process capability resulting from the correct
failure mode of testing.
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1. Introduction

A hard disk drive is a magnetic recording component
of a computer system that stores data and information into
the magnetic platter through the magnetic read/write
heads. The head gimbal assembly (HGA) acts as the
reading and writing component that is flying on the disk
media while spinning at the high rotation speed such as
7,200, 10,000, 12,000 or 15,000 RPM etc. The HGA is an
assembled component composed of a “slider,” which is
used for reading or writing data and “suspension,” which
is the body of the HGA. A suspension consists of three
components including the base plate, the load beam, and
the flexure which are welded to be an assembly part. The
flexure is an electrical circuit that connects to the slider
and can have many layers. The load beam is the base of
flexure while the base plate is the part that will be mounted
to the actuator arm of the head stack assembly (HSA).

For hard disk drive (HDD) manufacturer, the quality
and reliability of product is important to the customer
because the poor product quality greatly impacts to the
data loss of the data storage systems. The attachment
process of a slider to a suspension uses epoxy adhesive for
creating bonding connections between the slider and the
suspension. The slider is placed on the bonding pad of the
flexure. Since HGA which flies at a height of 10-20
nanometers over the disk media during high spindle speed
of media disk may hit to the disk; the shear strength of the
adhesion bonding between the slider and suspension after
the curing process is a vital quality check. The
measurement of the key quality characteristics is typically
performed to reflect the capability of the manufacturing
process. Therefore, this paper focuses on evaluating,
redesigning, and improving the shear test procedure so
that the suitable shear test method for the adhesive
bonding will be obtained.

The current shear test system cannot deliver the
accurate and precise shear test result because of the
incorrect failure mode of testing. It was found that there
is no international standard for the shear test of the
adhesive joint of the slider in HGA. To receive an accurate
measurement with proper adhesive shear test results, an
appropriate test equipment is proposed. The study of the
adhesive strength for the various types of epoxy adhesives,
types of materials, joint types, testing methods, testing
conditions, mechanical properties, the structure of the
adhesive, failure modes, and experiment procedure can be
found in some papers such as [1], [2], [3], [4], [5], [6], [7],
[8], [9], [10], and [11], etc. Based on these papers, it is seen
that the bonding area or joint area is larger than the
bonding area of the HGA product. The size of the
specimens used in the shear test of those papers were also
much bigger than the size of the HGA. Therefore, the
design of the test fixture for the HGA product was done
with some constraints because the component of the
HGA is very thin and small. The clamping area of the
fixture on the HGA is very small and limited as well.

The single lap shear (SLT) test, which is a typical
method for evaluating the strength of adhesive and other

alloy joints, was discussed in [2], [4], [5], [6], [7], [8], [10],
[11], [12], etc. The LST is typically performed using the
universal tensile test. Both sides of the specimen are griped
and then shear force is applied to measure the force and
displacement. The single lap shear test standards such as
[13], [14], and [15], wete used in [4], [8], [10],.[12] A review
of the prediction of several types of adhesive joints was
also presented in [9]. The purposes of the SLT in these
papers were to investigate the shear strength, the failure
mode, and the structure of the bonded joint.

The shear test for the adhesive joint of slider has been
done on the product level as the destructive testing. This
shear test is the part of process control of HGA. Some of
the papers performed the shear strength at product level
such as [1], [3], [16], [17], [18] and [19], etc. A solder ball
shear test was proposed by [16]. Pb-free and SnPb solder
were tested with various shear rates in order to observe
the shear force. [1] presented the shear strength of the die
attachment by Ag-epoxy electrical conductive adhesive
(Ag-ECA) which was tested under many treatments
including the heating/cooling process, adhesive thickness,
and plating condition. The die shear strength of the die
attach film tested with various temperatures was done by
[3]. The shear strength of SAC305 and the sintered
nanosilver joint for the die attachment in the IC package
were studied in [17] and [18]. The experimental
investigation and finite element study of a button shear
test to measure shear force and displacement was
proposed by [19]. A standard of the die shear test for
semiconductor package has been defined in [20]. This
shear test method can be modified to be used for the
adhesive shear test for the slider bonding process.

The fixture is normally required in the adhesive shear
test. To appropriately hold the HGA during the shear test,
the fixture must be designed by considering the shape of
suspension. The fixture and equipment design for the joint
shear test have been presented in some papers as in [21],
[22], [23], etc. [21] focused on the design of shear testing
equipment that can be used for multi-purpose specimens.
An adhesive shear jig for the semiconductor package was
designed by [22] to measure the shear strength. The design
and assessment of the adhesive fixture for measuring the
strength and the effect of different film thickness, curing
time and pre-cleaning on strength repeatability was
performed by [23].

The measurement error is a concern issue for the
slider bonding process. The nested gage repeatability and
reproducibility was employed to assess the measurement
error in this study because the adhesive shear test is a
destructive test. Some of the literature on the application
of the GR&R to assess the measurement system can be
found in [24], [25], [26], [27], [28], etc. The NGR&R for
the shear test for spot welding was done by [26]. The
NGR&R was applied in the measurement of wind speed
[27] and the measurement of angle of repose [28].

Based on the current problem and information in the
introduction, this paper proposes the design of the new
tester equipment and the evaluation of the measurement
error to achieve the suitable failure mode and to obtain the
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acceptable precision of the measurement system. The
proposed slider shear test system will yield more reliable
process control for the HGA assembly process. Thus, the
main procedures of this paper include: the experiment
investigation of current slider shear test system, design and
fabricate of the shear test method, the measurement
system analysis, and the effect of measurement error to
the over reject rate. The proper analytical methods such as
the finite element method, the statistical analysis, and the
simulation technique will be utilized to assist the design
and evaluation of the proposed slider shear test system.

2. Material and Methodology

The overall framework of this paper is based on the
six sigma methodology as in Fig. 1. Define measure,
analyze, design, and verify are main procedures to achieve
the objective of this work. In define phase, the problem
statement for the current shear test method should be
clearly defined. The observation on the failure mode
obtained from the current slider shear test system was
firstly conducted to identify need of improvement for this
measurement system.

Define - Measure - Analyze - Design - Verify

Fig. 1. The six sigma methodology for improving
the slider shear test system.

2.1. Mathematics

The epoxy adhesive, slider, and flexure were the main
materials in this study. The adhesive’s chemical
composition is presented in Table 1. The flexure in the
HGA has three layers, which were made from stainless
steel, copper, and polyimide (Pi). The slider was made of
aluminum titanium carbine (Al-TiC). The mechanical
properties of the HGA components are needed for the
FEM are given in Table 2. The finite element method
(FEM) was employed in order to analyze the stress and
deformation of the HGA after applying the shear force.
Some papers have employed the FEM to perform the
analysis on the strength of the adhesive joint as in [6], [§],
[10], [19], [22], and [23]. [6] used the FEM to evaluate the
effect of the slightly oversized shear tool to the joint shear
strength. [19] performed the FEM in order to observe the
displacement on the button when the substrate thickness
was varied.
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Table 1. Chemical composition of the adhesive used
in this research.
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Table 2. Mechanical properties of HGA components.

Material ~ Stainless Copper Polyamide Adhesive
steel

Yield

Strength 1,150 70 286 5.31
(MPa)

Tensile

Strength 1,186 314 286 5.31
(MPa)

Poison’s = 3 0.34 0.33 0.24
ratio

Young’s

modulus 193,000 124,000 5,860 4.40
(MPa)

2.2. The Investigation on the Problem of the Current
Slider Shear Test System

The investigation on the slider shear test system was
conducted to define problem of the current measurement
system. The current slider shear test system in the HGA
process is illustrated in Fig. 2. The schematic detail of the
current shear test is shown in Fig. 3. The concept of this
method is to use a gripper for holding the slider on both
sides, and then to insert the hook, which is made of
stainless steel, in the hole of the base plate of the
suspension. After that, the suspension is moved in the
upward direction by a constant velocity of 0.25 mm/s.
The maximum adhesive shear force is measured by using
force gauge and displayed after completing the
measurement for each HGA.

The bonding pad and the slider after matting onto the
bonding pad are depicted in Fig. 4(a). Typically, the
suitable failure mode of the shear test must occur at the
adhesive bond line as shown in Fig. 4(b). After the shear
test, the results of shear test sometimes show a flexure
collapse. This inappropriate failure modes as seen in Fig.
4(c) and Fig. 4(d) indicate that the maximum shear force
may not directly come from the adhesive bond line
between the slider and suspension pad. This investigation
reveals that the slider shear test system faces the low
accuracy and precision problem. To solve this problem,
the schematic of the current slider shear test system must
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be investigated. Then, new slider shear test system was
proposed to avoid the incorrect failure modes.

e

S Pulling hook
Clamping
d fixture
AN

Fig. 2. The current slider shear test system for the slider
bonding process of HGA.

2.3. Measurement System Analysis for the Current
Slider Shear Test System

The assessment of the measurement system is
required for the measure phase of six sigma. In terms of
the precision, the measurement system error for the
current slider shear test system must be assessed using
nested gage repeatability and reproducibility. The analysis
of variance was mainly used to estimate the measurement
error as in [28], [25], [26], [27], [24], etc.

Pulling
force

| Pulling force doesn’t align
sle with friction force

Movable clamp

Fixed
clamp AB
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:\Ehe;i\'cﬁnd
line

Friction force
resulting from clamp

Fig. 3. A schematic of the current adhesive shear test used
in the slider bonding process.

bearing §

surface of
slider

Fig. 4. (a) HGA before shear test; (b) proper failure mode
required; (¢) incorrect failure mode occurred at the
suspension pad; (d) incorrect failure mode occurred at the
outrigger flexure.

The measurement systems analysis is crucial to
determine the measurement error of the tester or gage.
Gage repeatability and reproducibility (GR&R) studies
examine the wvariation of the process affected by
measurement variation. Repeatability is the measurement

error due to gage by assign each operator performs the
repeat measurement on the same part on that specific
tester. Reproducibility is the measurement variability
resulting from operators that measure the same part using
the same tester. In destructive testing, the measured
sample is damaged after the measurement process. Nested
GR&R study is used for analyzing the measurement error
of gage for the destructive test. Then, NGR&R is also
used to evaluate the new tester and to verify that the new
slider shear test system has high precision in assessing the
shear strength of the adhesive bonding.

Analysis of variance was utilized to estimate the
variance components (VarComp) for each source of
measurement variation. [29] reported that ANOVA
method is the suitable method to assess the GR&R. The
formula for the sum of squares (SS), which is the amount
of variability in the data due to different sources, can be
found in [27] and [30]. There is no interaction between
part and operator because not every level of part appears
with every level of operator, see [30]. Mean squates or
variance components in NGR&R study consist of
repeatability, reproducibility, part-to-part (or process),
total gage R&R, and total variation.

The variables in ANOVA shown in Table 4 can be
defined by the following information: y, is an observation;
7y is the mean for operator j j ... is the grand mean; y ;. is
the mean for part 7 within operator j; « = number of parts,
b = number of operators, » = number of replicates

The linear statistical model of ANOVA for NGR&R
can be defined as in Eq. (1), see [27] and [31].

i=l,...a
k=1,...,n

where Y is the variable of measured value; u is the
average of measured value; 7, 5(z)i, i ate the effect of
operators, parts nested with operators, and the random
error, respectively. All effects and the random error in Eq.
(1) are normally distributed with a mean of zero.

All variance components (02) for NGR&R can be
computed according to Eq. (2) to Eq. (6), see [27] and [30].

2

O-Repeatability = MS Repeatability @)
2 I\/IS‘Operator _MSPart (Operator)
O-Repeatability - an
2 MSPart (Operator) _MSRepeatability
O part-to-Part n
2 2 2
O-Total Gage R&R GRepeatabiIity + O-Reproducibility ©)

2 2 2

O-Total Variation O-Total Gage R&R + O-Part-to-Part ©)

Design of experiment (DOE) was utilized to evaluate
the precision of the current slider shear test system using
the NGR&R study. The result of the NGR&R study will
enable us to know the soutrce of the variation due to the
gage and operator-to-operator.
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Table 3. The analysis of variance for NGR&R.
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Source Degree Sum of squares (SS) Mean squares F
of freedom (MS)
NP ss MS
2 Operator
Operator bh-1 SSoperator = anZ;‘ (Y j=y-) (Efl) Msoﬂ
" Part (operator)
? SSPart(operator) M

Part (Operator) b(a —1)

-

1
[N

SSPart(Operator) =n

]
a

ab(n - 1) SSRepeatability = .2:1:

Repeatability
=1 k=

Total abn — 1

+SS Repeatability

M=

(-

Il
LN

i

[y
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ab(n-1)
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The design of experiment provides the plan to collect
data for the MSA. Three operators (4 = 3) were selected
to be appraisers. There were 10 batches of HGA (a = 10),
and three replicates (n = 3) of each batch were tested by
three operators. The range of the adhesive dot size was
from 84.6 pm to 128 pm. The total runs of 90 for DOE
were tested randomly. The response variable of this
experiment is shear force. The %Contribution of variance
component (VarComp) and % NGR&R can be used as the
indicator to assess whether the gage is acceptable or not.
Both indicators can be computed as in Eq. (7) and (8):

2
%Total NGR&R
7

% Contribution = x 100%

)

YTotal Variation

YTotal NGR&R

%GR & R = x 100%

o — ®)
Total Variation

Based on the recommendation from the Automotive
Industry Action Group [31], %GR&R is an indicator used
for making the decision in accepting a gage. The general
guidelines of the AIAG for measurement system
acceptability in terms of %0GR&R are as follows: (1) under
10% is acceptable, (2) 10% to 30% is acceptable for some
applications, and (3) over 30% is unacceptable.

The experiment data for the nested GR&R of the
current shear test system is shown in Table A.1. According
to Table 4, %NGR&R is 57.15% which is unacceptable
because itis greater than 30%. A high %NGR&R indicates
that the current method generates high measurement error,
and this can affect the judgment on product quality. Thus,
the current measurement system must be improved to
reduce the repeatability.

The graphical plot of Xbar and R chart are provided
in Fig. 5. The Xbar chart indicates that the distinguishing
ability of the gage is low. The R Chart does not show any
out-of-control points which means that the variance is
stable. The distinguishing ability between parts of the gage
can be observed via the number of distinct categories
(NDCQ), see [31]. An NDC greater than or equal to five is
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recommended by [31]. The NDC of the current slider
shear test system equals 2; thus, this measurement system
lacks the ability to distinguish the parts.

Table 4. %Contribution of VarComp and %NGR&R for
the current slider shear test system.

q N

3 o =
fa¥ g ) ~
[5) g 3 g FE ) 3
& S & 2 3 5.8 ~
3 SIS B XY o= 5]

@] - g S = S
~ < Sz &5 4
o= =

28 A
Total Gage R&R  296.524 32.66 17.2199 57.15
Repeatability 296.524 32.66 17.2199 57.15
Reproducibility 0.00 0.00 0.00 0.00
Part-To-Part 611.300 67.34 24.7245 82.06
Total Variation 907.824 100.00 30.1301 100.00

Gage R&R (Nested) for shear strength - Current shear test

Gage name: Shear test
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Fig. 5. Xbar and R chart of NGR&R study for the current
shear test method.
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Fig. 6. Deformation on the HGA under the current test
method; (a) deformation from FEM (top view); (b)
deformation from FEM (side view); (c) deformation from
the high-speed camera.

2.4. Validation of the Simulation Model for the
Cutrrent Slider Shear Test System

The analyze phase intends to determine the root
causes of the inappropriate failure modes from the current
test equipment. In this study, the finite element analysis of
Ansys Workbench Version 15.0 was the tool for analyzing
the deformation behaviors and mechanical stress. The
FEM tried to simulate the schematic of the current testing
conditions shown in Fig. 3. The slider was moving in the
vertical direction at the speed of 0.25 mm/s. The
components  exhibit a nonhomogeneous  stress
distribution. With the general three-dimensional axis-
symmetric, a static model was developed to calculate the
distribution of stress and the displacement of the
suspension when the current shear test method was used.
The results of FEM are illustrated in Fig. 6(a) and Fig. 6(b).

A high-speed microscope camera (Keyence VW-9000)
is utilized to capture this very tiny object to validate the
shear test behavior during the test operation. The high-
speed microscope camera at the magnification of 50x,
with a frame rate of 1000 fps and shutter speed of 1/3000
was setup. The results from high-speed camera showed
that high deformation occurs at both sides of the flexure,
as illustrated in Fig. 6(c). It was found that a shearing
position often occurred at the outrigger of flexure, which
was sometimes weaker than the adhesive bond line. This
failure mode of the sheared sample on the current fixture
did not seem to be the right mode, see Fig. 4(c), and 4(d).
The FEM results and experiments observed from the
high-speed camera were in good agreement. Therefore, it
could be implied that the FEM was valid and could be
used to validate the new shear test method. This
observation indicated that the current slider shear test
system is inaccurate. The observed shear strength value
then became the strength of the flexure material rather
than the strength of the adhesive bond line. Thus, high
variation in the measured shear force was noticed.

2.5. Design Concept of the New Slider Shear Test
System

In design phase, a new design concept was proposed
to solve the inappropriate failure during shear test. Since
three thin layers of the suspension were assembled using

laser spot welding, new shear test method tries to avoid
the flexure movement. Therefore, the flexure and load
beam needed to be firmly clamped before applying shear
force to the adhesive joint of slider. The major objective
of new shear equipment was to increase the accuracy and
precision of this shear test. The concept of the shear test
method is depicted in Fig. 7(a) and 7(b). The shear force
was directly applied to the slider, which is similar to the
standard of die shear test defined by JEDEC standard [20],
but the fixture for holding and clamping must be designed
to fit the configuration of the HGA. Papers on joint shear
tests using the shear tool to apply force to the component
was done by [18], [19], [32].

Regarding the new concept of the shear test, the
degree of freedom could be reduced to 1 degree by fixing
the components at the flexure and load beam areas, as
shown in Fig. 7(b) and Fig. 7(c). In this way, the new
design mechanism focused on the design of the fixture in
order to firmly hold the flexure and load beam of the
suspension on the fixture. The outrigger must be
appropriately placed in the supporting area and clamping
area on the outrigger must be large enough to match the
clamping pressure.

The FEM was utilized to confirm the displacement of
the flexure after the shear test with the new clamping
fixture. The flexure is fixed by applying the pressure of 0.5
MPa (5 bars) onto the clamping symmetrically as shown
in Fig. 7(c). The shear force of 200 gf, which is the
expected maximum shear force of the new platform of the
HGA, was applied to the slider. The total deformation of
165.72 microns was observed by the FEM as seen in Fig.
7(d). The movement of flexutre is much smaller than that
of the current test method. This comparison indicates that
the new concept of shear test method can improve the
accuracy of the shear test because of the correct failure
mode. The experiment on the actual equipment is
presented in the next section.

3. Experiments and Results

In verify phase, the new shear test must be verified to
ensure that the design of new test system can be used to
solve the problem of the current measurement system.

3.1. Validation of Failure Modes from the New Slider
Shear Test System

New slider shear test system as seen in the Fig. 8(a)
was used to observe the failure mode and to measure the
shear strength of the adhesive joint of slider. A Mecmesin
AFG analyzed the shear strength distribution of the
bonding interface. This analyzer used the computerized
control with a 0.001N resolution and a 5N maximum load.
The shear test motor speed was carried out on a Panasonic
servo motor (MUMAO42P1S) connected to the gearbox
(APEX dynamics Inc., model AE070), and the shear speed
was 200 pm/min. After the adhesive joint was pushed out
by the shear tool, the shear force — distance curve was
plotted as shown in Fig. 8(b).
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The operation of the slider shear test system can
begin with loading the HGA onto the fixture by using
tweezers, and then rotating the c-shape clamp on the top
of the outrigger. Vacuum pressure will assist the load
beam in staying in the pocket easily. Next, clamping force
from pneumatic cylinder is applied onto the outrigger. The
actual shear tools, as depicted in Fig. 8(a), begin to move
and push the slider edge at a 200 um/minute speed until
the slider is sheared out at the designated location. A
software was developed to display the plot of shear force
and distance is displayed, see Fig. 8(b).

Clamping

Shear force on X-axis

Clamping area

Clamping area

(c) (d)

Fig. 7. (a) Pocket and guide pin to hold HGA; (b) clamping
fixture design for new test equipment; (c) clamping area in
the FEM; (d) the maximum deformation form FEM.

Clamping
system
_

@ ()
Fig. 8. (a) New slider shear test system with direct shear
tool and fixture for the adhesive shear test of the HGA;
(b) force (gf)-distance (micron) plot of the adhesive shear
test.

Figure 9 shows the shear tool which was fabricated in
order to investigate the actual failure modes. The clamp
and new shear tool were designed and illustrated in Fig.
9(a) and Fig. 9(b), respectively. The preferable failure
mode after shearing shown in Fig. 9(c) could be obtained
by applying the shear force in front of the slider. The
clamp fixture and shear tool can improve the accuracy
with an excellent mechanical appearance without any
damage to the flexure or load beam. The consistency of
failure mode of the new shear test method can improve
not only the accuracy but also the precision of the shear
strength of the adhesive joint of slider.
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Fig. 9. (a) Clamping fixture to press the suspension; (b)
shear tool of new test method; (c) preferable failure mode
obtained from new test method

Table 5. % Contribution of VarComp and %NGR&R for
the new slider shear test system.

Q N
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2L s
Total Gage R&R 4.35 0.86 2.0857 9.28
Repeatability 4.35 0.86 2.0857 9.28
Reproducibility 0.00 0.00 0.00 0.00
Part-To-Part 500.805 99.14 22.3787 99.57
Total Variation 505.156 100.00 22.4757 100.00
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Fig. 10. Xbar and R chart for NGR&R analysis of the
new shear test method.

3.2. Assessment of the Measurement Error for the
New Slider Shear Test System

The new shear test method has already been built to
reduce the measurement error. Next, another experiment
was also done in order to determine the measurement
error of the new slider shear test system. The experiment
data for the NGR&R based on DOE plan of the new
slider shear test system is also displayed in Table A.2. The
NGR&R study is shown in Table 5. It is seen that the
new slider shear test system contributes to a % NGR&R
of 9.28%. The measurement error of this new shear tester
can be considered as a good gage because the %0 NGR&R
is less than 10%. Therefore, this new tester can be used to
measure the shear force of the HGA product with high
confidence. For the new tester, the R chart in Fig. 10
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indicates that the variance of repeat measurement for each
operator is stable. The number of distinct categories of
this gage is equal to 15 which is greater than 5. Therefore,
this measurement system has enough ability to distinguish
the parts.

3.3. Effect of Measurement Error to the Observed
Process Capability

The high measurement error results in inaccurately
estimating the process capability. The assessment of the
process capability index using sampling plan with the
presence of measurement error was done in [33]. It was
found that high measurement error can affect the
effectiveness of statistical process control. A good review
on the measurement error in statistical process control
was presented in [34]. The impact of the NGR&R on the
process capability index [31] could be computed using Eq.
) as follows:

CPoye = CPyy X Jl—(NGR&R)Z )

where Cpoys is the observed potential process capability
index; Cp.ax1s the actual potential process capability index.

The difference between the observed potential
process capability of the new and current shear test
method (ACpos) can be calculated as follows:

2
CpObs,Newf CpObs,current B l_(NGR&RNew) B

] o1 (0
CpObs,current 1~( NGR&RCurrent)

ACpgpg =

where ACpoys is the difference of the observed Cp between
the new and current shear test method.

Reducing of measurement error (Yo0NGR&R) in the
new slider shear test system can improve the accuracy in
estimating Cp. According to Eq. (10), the observed
potential process capability (Cp) of the new shear test
method is increased by 21.28% compared to that of the
current shear test method. The defective rate in the unit
of part per million (PPM) can be estimated by process
capability indices: Cp or Cpk. For one-side specification
limit (LSL), both Cp and Cpk are identical. The formula to
calculate the PPM given Cp or Cpk can be written as in Eq.

(11):

PPM =1-®(Z ) =1-®(3Cp) =1 - O(3Cpk) (11)
where ZLSL is the benchmark Z statistics for LSL (lower
specification limit); d(Z) is the cumulative distribution
function of a standard normal distribution; Cpk is the
performance process capability index; and PPM is the
defective rate in part per million. The measurement system
with high measurement error will yield the high observed
variation of the process.

The over reject (OR) in case of one-side specification
limit resulting from the measurement system error can be

calculate by Eq. (12):

OR = PPM,, —PPM , = (D(SCpAct) - (SCpACle(NGR&R)Z) (12)

where PPMoys is the defective rate in part per million
estimated by Cposs; PPMac is the defective rate in part per
million estimated by Cpac; OR is the over rejected rate.

3.4. Monte Carlo Simulation to Observe the Effect of
the NGR&R to the Process Capability

The monte carlo simulation is employed to validate the
effect of measurement error to the misclassification
problem. The process capability can be presented in the
form of PPM. For the shear strength, there is only one-
side specification which is the lower specification limit as
the lower bound for capability index. Monte carlo
simulation generates the random variable using the inverse
cumulative distribution function (CDF). The inverse

cumulative  distribution function of the normal
distribution N(u, 62) is shown in Eq. (13).
x=F'"(p) =p+ & 1(p)o ;pe©,1) (13)

where x is a normal random variable or shear strength with
mean pu and variance o2, @-!(p) is the inverse of the
cumulative distribution function for the standard normal
distribution.

The sampling method of monte catlo technique uses
the continuous uniform random number U0, 1) to
generate the random variables. If Yisa U(0, 1) distribution,
then the normal random variable x equals to I 7(Y) The
observed variation dgpg can be expressed in the terms of

the actual process variation gy and NGR&R as in Eq.
(14).

O-Act

Oops = (14)

1- (NGR&R)?

Table 6 shows six cases of monte carlo simulation.
Suppose that the shear strength of the adhesive joint of
slider is normally distributed with p=149.9 gf, actual sigma
oace of 10 gf, LSL. = 110 gf, and Cpa» = 1.33. For the
current shear test method with NGR&R of 57.15%, the
observed sigma oops equals to 12.186. Equation (13) was
used to simulate the shear force obtained from the slider
shear test system.

The python which is an open source software was
coded to perform the monte carlo simulation so that the
difference between PPMoys and PPMa. will be observed.
The random variable for this simulation is the shear
strength under the normality assumption as in Eq. (13).
The actual and observed sigma are the input for the monte
carlo simulation. Total six cases with different actual Cp
and %NGR&R were simulated and the simulation results
are shown in Table 6. The defectives in ppm for both
actual and observed sigma can be estimated by running the
simulation code of python. Figure 11(a) displays the
defectives found from 1,000,000 units produced under the
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actual Cp of 1.33 and %oNGR&R of 57.15% for case 1 in
Table 6. For each replicate of the simulation, the 1,000,000
uniform random numbers Y were generated to simulate
the shear strength and the defective units were counted as
displayed in Fig. 11(a). Next, total 2,000 replicates of the
simulation were run to observe the mean of PPMops and
PPMac depicted in Fig. 11(b) and 11(c), respectively. The
over reject rate for this case is equal to 497.1 ppm which
well agrees with Eq. (12). The simulation results confirm
that reducing the measurement error can improve the
accuracy of estimating the process capability index.

4. Conclusion

This paper proposes the appropriate procedure to
evaluate and improve the slider shear test system of the
adhesive bonding for the HGA, which is a vital
component of the hard disk drive. Based on the design of
new slider shear test system, the experiments, and
simulation results, the major conclusions can be drawn as
follows:

1. The major design improvements of the slider shear
test system based on the six sigma methodology
included the shear force direction, shear tool, fixture,
and the measuring system. The new design concept of
shear test system adopted the concept of shear test
from [20] because the commercial tool is not available
in the market.

2. The current method yielded inaccurate shear strength
because of the incorrect failure mode after the shear
test. The fabrication of the new shear tester and the
assessment of measurement error were done with
good results. There is no suspension flexure damage
as before. The failure mode after the shear test
obtained from the new slider shear test system
occurred at the adhesive bond line, which is the
preferable failure mode. The fixture made by the new
concept works precisely and was reliably proven by
actual testing with the assistance of statistical analysis.

3. The experiments were done, and the NGR&R study
yielded a %0NGR&R of 57.15% for the current shear
test method and a %NGR&R of 9.28% for the new
shear test method. Therefore, the new tester is
acceptable based on the AIAG’s recommendation
(%NGR&R less than 10%). This means that the new
shear tester can improve both the accuracy and

DOI:10.4186/¢j.2023.27.3.11

precision of the measurement system for the shear

strength of the adhesive joint of slider.

4. The monte carlo simulation confirms that high
measurement error can increase the over reject rate of
the assembly process. Reducing the measurement
error can improve the estimation of the process
capability index and decrease the over rejection rate.
The new shear test method can improve the accuracy
in estimating the potential process capability index (Cp)
by 21.28%. Consequently, the cost of quality due to
misclassification can be decreased.

According to the research results, the new slider shear
test system can propetly be used with high confidence and
reliability in the production line for statistical process
control. Reduction of measurement error can enhance the
effectiveness of the quality assurance system. The
proposed procedures can be used as the effective
framework for improving the measurement system.

Sampl ate witl
1,000,000 ¢ ='1.33, obse Sinul of 2,000 replicates for Cp_set = 1.3, obscrved sigma ~ 12,186 gf

scives (i PP
(b)

Fig. 11. (a) The sampling data from a replicate of monte
carlo simulation from python for case 1; (b) The PPMops
obtained from the simulation results of 2,000 replicates for
case 1; (c) The PPMa. obtained from the simulation
results of 2,000 replicates for case 1.
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Table 6. The simulation results for the PPMac, PPMows, and over reject rate.

Case % NGR&R

Cpa W Oget O0bs Hopn Hopu,,, Over reject rate (ppm)
1 57.15% 1.33  149.9 10 12.186 33.3 530.4 497.1
2 9.28% 1.33 1499 10 10.043 33.3 35.7 2.4
3 57.15% 1.20  146.0 10 12.186 159.4 1568.1 1408.7
4 9.28% 1.20  146.0 10 10.043 159.4 169.0 9.6
5 57.15% 1.00  140.0 10 12.186 1350.4 6913.4 5563.0
6 9.28% 1.00  140.0 10 10.043 1350.4 1408.5 58.1
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Appendices Table A.2 The shear force (gf) according to the DOE
plan for the new shear test system.

Table A.1 The shear force (gf) according to the DOE plan

for the current shear test system. o g )
4 o 9 : 4] o O
s , & 3£ S , § 5%
— — Z £ § wog 4 £ &5 “aog
3 3 g § B8 388 g & 3§ HEH
*n o 2 » L = =) o, 0 =) o8 0
¢ e €% s 2 £% Z o £§ & O & &
2 £ g feg Z2 £ § €Eg M) REIRES
g S § 522 < g 522
2 % & g3 & % § g£¢8 1 1 1 755 46 6 1 784
3 3 2 1 2 780 47 6 2 79.0
- 301 3 768 48 6 3 750
1 1 1 1218 46 6 1 466 4 2 1 1195 49 7 1 91.0
2 1 2 882 47 6 2 704 5 2 2 1184 50 7 2 912
301 3 779 48 6 3 723 6 2 3 1232 51 7 3 94.8
4 2 1 833 49 7 1 540 7 3 1 1184 52 8 1  111.0
5 2 2 1300 50 7 2 567 8 3 2 1210 53 8 2 1108
6 2 3 1331 51 7 3 477 9 3 3 1243 54 8 3 1142
7 3 1 1078 52 8 1  103.0 10 4 1 832 55 9 1 1352
8 3 2 99.1 53 8 2 1203 11 4 2 854 56 9 2 1294
9 3 3 1075 54 8 3 1259 12 4 3 862 57 9 3 1352
10 4 1 83.6 55 9 1 1268 13 5 1 832 58 10 1 1317
11 4 2 1112 5 9 2 1008 14 5 2 803 59 10 2 1280
12 4 3 89.1 57 9 3 822 15 5 3 812 60 10 3 129.0
13 5 1 765 58 10 1 1183 16 6 1 802 61 1 1 75.5
14 5 2 655 59 10 2  126.0 17 6 2 786 62 1 2 702
15 5 3 884 60 10 3 1437 18 6 3 786 63 1 3 78.6
16 6 1 774 61 1 1 787 9 7 1 91.0 64 2 1 1185
17 6 2 953 62 1 2 818 20 7 2 934 65 2 2 1206
18 6 3 986 63 1 3 1022 210 7 3 899 66 2 3 1225
19 7 1 672 64 2 1 109.0 22 8 1 111.0 67 3 1 1203
20 7 2 614 65 2 2 1341 23 8 2 1120 68 3 2 1184
21 7 3 541 66 2 3 1141 24 8 3 1135 69 3 3  121.8
22 8 1 948 67 3 1 1124 25 9 1 1304 70 4 1 82.1
23 8 2 1238 68 3 2 1240 2% 9 2 1320 71 4 2 832
24 8 3 847 69 3 3 830 27 9 3 1342 72 4 3 79.8
25 9 1 1470 70 4 1 1340 28 10 1 1290 73 5 1 81.2
269 2 1508 71 4 2 981 29 10 2 1204 74 5 2 810
279 3 1280 72 4 3 683 30 10 3 1302 75 5 3 83.4
28 10 1 86.1 73 5 1 459 31 1 1 756 76 6 1 78.3
29 10 2 1000 74 5 2 552 32 1 2 702 77 6 2 807
30 10 3 1443 75 5 3 (7.8 33 1 3 772 78 6 3 78.3
31 1 1 89.9 76 6 1 593 3 2 1 1208 79 7 1 91.5
32 1 2 693 77 6 2 910 3 2 2 1185 80 7 2 884
33 1 3 527 78 6 3 867 36 2 3 1190 81 7 3 917
3 2 1 1166 79 7 1 654 37 03 1 1220 82 8 1  111.0
3 2 2 1581 80 7 2 56.8 38 3 2 1216 83 8 2 1154
36 2 3 987 81 7 3 G624 39 3 3 117.6 8 8 3 1124
37 03 1 1075 82 8 1 1043 40 4 1 846 8 9 1 132
38 3 2 865 8 8 2 99.0 41 4 2 834 86 9 2 1314
39 3 3 972 84 8 3 1135 42 4 3 864 87 9 3 1305
40 4 1 1184 85 9 1 151.2 43 5 1 830 88 10 1 1322
4 4 2 1060 8 9 2 1129 44 5 2 80.8 89 10 2 1280
42 4 3 569 87 9 3 1509 45 5 3 812 90 10 3 1273
43 5 1 545 88 10 1 1268
44 5 2 560 89 10 2 1544
45 5 3 795 90 10 3 1121
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