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ABSTRACT: Any change in position of the fixture components can lead to deviations in the
workpiece’s position and orientation, resulting in a defective product. This study suggests a numerical
and experimental approach to calculate the positioning error of the workpiece in the fixture. Initially,
the linear and angular components of the workpiece deviation due to disturbances in the locators were
calculated using numerical modeling in Abaqus software. An experimental setup was fabricated to

validate the numerical results. The experimental tests were conducted to measure the linear and angular

components of workpiece deviations. The experiments were performed in two conditions: with and  Keywords:

without clamping force, with each experiment repeated three times. Also, the effects of applying perimental Test

clamping force and disturbances to the workpiece and locators were studied on the results. In the first Locating E
. . .. . . .. . ocatin, ITor
series of tests, the workpiece was positioned in a fully horizontal position and clamping forces of 100, £

150, 200, 250, 350, and 500 N were applied. In the second, disturbances were also applied to the locators Fixture Error
along with the clamping force. In both procedures, the displacement of a reference point, resulting ~ Wear in Locator
from deformation and deviation of the workpiece, was measured and compared with the numerical  Fixture Design
predictions. The analysis of all results revealed that the maximum errors between the numerical and

experimental results for the disturbed and non-disturbed conditions were equal to 9.1% and 14.9%,

respectively.

1- Introduction

Fixtures are essential components in precision machining,
ensuring the correct positioning and stability of workpieces
during manufacturing processes. Among various sources of
fixture errors, the displacement or misalignment of locators
plays a crucial role in introducing positioning inaccuracies.
The fixture design for machining process is implemented
in four stages: setup planning, fixture planning, unit design,
and verification [1]. One of the tests conducted during the
verification stage is the analysis of workpiece locating errors
in the fixture [2]. There are various types of locating errors
in the fixture, including changes in locator height, shifts in
locator position, deformation of the locator, or even localized
wear locator’s cross-section. Such wear causes the workpiece
to be positioned at a point different from the intended design
location, leading to errors in the workpiece’s position and
orientation [3]. Therefore, it is essential to analyze and quantify
these errors to enhance the reliability and efficiency of fixture
systems. This study aims to investigate the impact of locator
disturbances on workpiece positioning through a combined
numerical and experimental approach. First, a finite element
model is developed in Abaqus software to simulate the effects
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of locator wear and displacement on the linear and angular
deviations of the workpiece. To validate the numerical results,
an experimental setup is designed and fabricated, allowing
the measurement of workpiece displacement under different
conditions. Unlike previous studies that primarily focused
on linear deviations, this research considers both linear and
angular deviations, providing a more comprehensive analysis
of fixture-induced errors. The novelty of this research lies
in its simultaneous evaluation of clamping force effects and
locator disturbances on workpiece stability, which has been
rarely explored in previous studies. Furthermore, this study
employs a combination of multiple measurement techniques,
including dial indicators, a visual measurement machine
(VMM), and image processing, to enhance the accuracy of
deviation measurements.

2- Methodology

Abaqus software was used to predict the workpiece
deviation caused by disturbances in the locators. The
simulations were conducted under two conditions: (1)
applying only the clamping force without any disturbance
to the locator, and (2) first introducing a disturbance to the
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Fig. 1. The fabricated setup for experimental testing

locator, causing the workpiece to deviate, and then applying
the clamping force. Two types of workpieces were used in
this study for measuring deviations: a rigid workpiece with
a thickness of 10 mm and a flexible sheet metal workpiece
with a thickness of 2 mm. Since the clamping force was only
applied to the flexible sheet metal workpiece, the simulation
was conducted for this workpiece.

An experimental setup, including a workpiece and a 3-2-1
fixture system, was designed to measure linear and angular
displacements in experimental tests. In this study, two types
of experimental tests were conducted: one without clamping
force and the other with clamping force, to measure the linear
and angular deviations of the workpiece. A workpiece with a
thickness of 10 mm was used in the first type of experiment.
In all experiments conducted in this study, disturbances
were applied to the base locator (L,) as the reference locator
in the form of a reduction in height. The linear and angular
displacements were then measured using three methods:
image processing, data acquisition with dial indicators, and
a VMM device. To ensure the accuracy of the experiments
performed with the camera and dial indicator methods, each
test was repeated three times.

The second type of experiment was conducted by
applying a clamping force to a workpiece with a thickness of
2 mm under two conditions: without and with disturbances
applied to the locator (L,). In the undisturbed condition, only
the clamping force was applied in multiple stages with values
of 100, 150, 200, 250, 350, and 500 N at the center of the
workpiece.

3- Results and Discussion

Figure 2(a) illustrates the deformed shape of the workpiece
obtained from the numerical analysis. The reference point of
the workpiece experiences deformation in the +Z direction.
The displacement of the reference point was calculated using
numerical analysis, as shown in the graphs in Figure 2.

A key observation from the data presented in Figure 2(b)
is the relatively linear relationship between the applied force
and the displacement of the reference point. It results from
the fact that the workpiece material remains in elastic region.
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Fig. 2. (a) The deformed shape of the sheet metal work-
piece, and (b) displacement of the reference point under
clamping force in the disturbed condition

The linearity of this relationship greatly aids fixture designers
in estimating the workpiece deviation caused by locator
disturbances, even in the presence of clamping force. A
similar linear relationship exists for workpiece deviation due
to locator disturbances in the absence of a clamping force [4].
In essence, a fixture designer can perform a simple simulation
to determine the deformation for a given disturbance and
predict the combined effects of disturbances and clamping
forces at different force levels.

To validate the numerical results, the linear deviation of
the workpiece was experimentally measured, considering
the clamping force under both conditions: without and
with disturbances applied to the reference locator. Figure
3 represents a typical result. The maximum error in the
displacement of the reference point was found to be 14.9% in
the undisturbed condition and 9.1% in the disturbed condition.
A crucial takeaway from this comparison is the reliability
of simulations in achieving verifiable and experimentally
consistent results. This finding is particularly important as
it enables fixture designers to obtain these values through
simulations in the design phase without need to perform
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Fig. 3. Comparison between the numerical and experi-
mental results for the displacement of the reference
point

experimental tests.

The angular deviation of the workpiece was measured
using three methods: imaging with a camera, dial indicators,
and a VMM device. The consistency between the data obtained
from these methods was examined to ensure the accuracy of
the experimental procedures. The average measurement error
for angular deviation using dial indicators was 4% for the
alpha angle and 7% for the beta angle. Similarly, the error for
the camera method was 4% and 3%, respectively.

4- Conclusions

In this study, numerical and experimental analyses were
conducted to calculate the linear and angular deviations of
a workpiece in a fixture system under clamping force, both
with and without disturbances. Comparing the numerical and
experimental data, the maximum error in the undisturbed
and disturbed conditions was obtained as 14.9% and 9.1%,
respectively. One of the key findings of this research was
the linear relationship between the disturbance magnitude in
the locators and the deviation of the workpiece from its ideal
position, regardless of the presence or absence of a clamping
force. This relationship provides significant assistance to
fixture designers in estimating the effects of potential locator
wear on workpiece deviation. Assuming the accuracy of
the experimental data obtained from the VMM method, the
average error in measurement of the angular deviation using
dial indicators and camera-based methods were 7% and 4%,
respectively.
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Fig. 1. hematic representation of locating error and deviation of workpiece position
and orientation in the fixture
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Fig. 2. Model of the workpiece and fixture in the simulation software
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Table 1. The clamping force levels in the numerical analysis

el yo Liel Jlasl b | 5lule 5o Laxel Jlos! o
oy el 5505 ilel o less
(i) (Grogshes) (i)
Y. .IvE Voo \
AR <IYAD Vo Y
Yo e Y- ¥
O /A Yo- ¥
O \ Yo N
_ _ & s

d9dse 3y JSaskad 4y (5553 Laid 5 039 ol ) askad (gl
sy )y dolsl e e U g ol ggpd (g Vor il gy opl aS
Jgiz > eadddl)] polie Bllae Slul> (g5 p (olml> bl (plazel |
SBaakad 4 lazel jlade b blie cany G958 a9 03d Jlasl )
ol polie &S i gadge pl 4 ally dlis B g Dad o 3yl
g oyl 50 edddoslaiwl polie | eS Ay g A8 Gl Sy o by il
Jaskad (mdiusdge Lol (olo W36 (R8T (gl cusdly 5l
wjp Giels g alie ol o LSy coaS L cladad ogul 1g
w3l Y e g cuisS b &S o (5o Il slasYod j g

g ge o3l jlols calo sly iyls (S8l by Gl 5 loss

Slols oled ok o STSlasl gy 1 Gl "o ke g
plad (38,5 Cygo dy 55 (g0 bl pd i Ol /Y L ol Sasdad g
S ankad 55 10 a4 5,lg (clig e iyl b iy sl 51 (o0l ol
Vs ilae (gilodnnd g9 @ a5 000 B Vel O 5
P AL 8 (it @ Conn | pliabl sl 1

o o bajluls g9y 1 Sakad «dls ol 5 95 00 Jlos] S aska
P33 g 53 5 031> L5 ol b e (590 by 5 azily 15

sl gloj 3 b o cnl 13 505 ©)le 4 2950 Jloel T4 ) Jgi

1 Hard Contact

voy



VOV 51000 doxio VFY Jlo V) oyleud DF 095 ¢S ool SilSn i 4y

b s3G5 L1
SUS SBjlulrL5 4 L4
idyi jlulalb

L5

PS5 el slag

sl sl (sl sasbaiius iz 5 8 () 3 1385 53 oai Ty 3 38 Jao §) aled (). S5

Fig. 3. (a) Fixture model in the simulation software, and (b) fabricated fixture for the experiments
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Fig. 4. Measurement of disturbance at locators using dial indicators
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Fig. 5. Measurement of the linear and angular deviations of the workpiece using dial indicators
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Fig. 6. Measurement of the workpiece deviations using a Visual Measurement Machine (VMM)
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Fig. 7. Measurement of the workpiece deviation under clamping force (without disturbance)
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Table 2. The disturbance and clamping force levels used in experimental tests
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Fig. 8. Measurement of the workpiece deviation under clamping force and locator disturbance
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Fig. 9. Deformed shape of the workpiece with application of the clamping force
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Fig. 10. Displacement of the reference point under clamping force in the undisturbed condition
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Fig. 11. Displacement of the reference point under clamping force in the disturbed condition
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Fig. 12. Comparison of numerical and experimental results for reference point displacement without
locator disturbance
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Fig. 13. Comparison of numerical and experimental results for reference point displacement with locator
disturbance
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Table 3. Experimental results, standard deviation, and error analysis for reference point dis-
placement in undisturbed and disturbed conditions
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Table 4. Comparison between the results of the angular deviation measured by VMM, dial indicators,
and camera-based methods
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