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Performance and deformation behavior of a master jig on circular saw
machine using finite element method
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ABSTRACT: This study investigates the performance, stress distribution, deformation and
potential failure modes of a newly developed Master Jig (MJ) designed for circular saw
machine operations. The MJ comprises three components: the master jig body (MJB), the
master jig accessories (MJA) and the master jig guide (MJG). The jig was modelled and
simulated under applied static loads of 520 N and 600 N using SOLIDWORKS software. The
MJ performance was evaluated, results were recorded, and a deformation graph was presented
and shape displayed in true and defined scales of 0.135238 and 0.036047, respectively. The
analysis shows that, maximum directional deformations at 520 N and 600 N were 8.463 x 102
mm and 3.197 x 10® mm respectively, elastic strains at 6.540 x 10 and 1.433 x 10, von mises
stresses at 2.580 x 10° MPa and 3.930 x 10’ MPa respectively, the Yield Strengths at 2.000 x
10" MPa and 3.930 x 10" MPa respectively, and the factor of safety at 31 and 11 respectively.
The study underscores the potential of finite element modelling in the predictive design of
woodworking jigs.
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Sonlu eleman yontemleri kullamlarak dairesel testere makinesinde bir ana
sablonun performans ve deformasyon davramsi

OZ: Bu ¢alismada, dairesel testere tezgah1 operasyonlari i¢in tasarlanmis yeni gelistirilmis bir
Ana Jig'in (MJ) performansi, gerilim dagilimi, deformasyonu ve potansiyel ariza modlari
arastirtlmistir. Gelistirilen MJ (¢ bilesenden olusmaktadir: Ana Kalip Gévdesi (MJB), Ana
Kalip Aksesuarlar1 (MJA) ve Ana Kalip Kilavuzu (MJG). MJ'nin modellenmesi, simiilasyonu
ve analizi i¢in SOLIDWORKS yazilimi kullanilmis ve sirasiyla 520N ve 600N statik yiikler
uygulanmistir. MJ'nin performanst degerlendirilmis, sonuglar kaydedilmis, deformasyon
grafigi sunulmus ve sekli gercek ve belirlenmis Olgeklerde gdosterilmistir. Analizler,
maksimum yonlendirilmis deformasyonlarin sirasiyla 8.463 x 10> mm ve 3.197 % 10°> mm,
esdeger elastik sekil degisimlerinin 6.540 x 10° ve 1.433 x 101, von Mises gerilmelerinin
2.580 x 10° MPa ve 3.930 x 107 MPa, akma dayanimlarinin 2.000 x 107 N/m? ve 3.930 x 107
N/m?, giivenlik katsayisinin ise sirasiyla 31 ve 11 oldugunu gostermektedir. Calisma, agag
isleme fikstiirlerinin tahmini tasariminda sonlu elemanlar modellemesinin potansiyelini
vurgulamaktadir.
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1. Introduction

The intricacies of predicting the performance and potential deformational behavior of
wood and wood-based products have posed challenges that have, until now, relied heavily on
intuition and experience (DeCristoforo, 1988; Okpala and Okechukwu, 2015; Massaro et al.,
2023; Icha et al., 2024). Massive efforts have been made for several years to close the
knowledge gap and enhance the techniques required to make wood more predictable (Falk
and Itani, 1989; Brischke, 2021; Fiedler et al., 2023). Appraisal of the capacity of carpentry
joints using Finite Element (FE) models had been investigated, compared to experimental
results with acceptable prediction capacity (Massaro et al., 2022). Huber et al (2023)
presented a technique based on X-ray computed tomography scans for recreating the
structural features in wood boards. They suggest that eventually, using the technique for
sawing logs could aid analyses of boards. Nailed connection in wood (Hong and Barrett,
2010), screws (Hu et al., 2022) crack propagation (Qiu et al., 2013), water absorption (Salin,
2008), wood fracture mechanics (Vasic, 2005), and many other behaviors have been presented
(Blomgvist et al., 2023). Autengruber et al. (2021) developed a finite-element-based
simulation approach to better understand the failure mechanics of wood-based composite and
to support a targeted optimization of new cross-section types of I-joist beams. The
performance of the modelling approach was reported as giving a very good prediction of
stiffness values.

Frontini (2023) presented finite element models of wooden roofs with two main scenarios
in an attempt to characterize the behavior of wooden connections in the diaphragm. The first
scenario considered only the frame with line loads, while the second scenario considered that
the wooden boards incorporating planks affected the performance of the structure. The result
of their work agrees with the use of FEM to analyse, model and simulate the behaviors of
wooden members. Blomgvist et al., (2023) created the FE model to study the bending process
of a laminated veneer product. The veneers, which were modelled after the experimental ones
with laminates of different thicknesses made of peeled veneers of European beech, had
corresponding results. Zhong et al., (2021) simulated the deformation behavior of wood under
axial and transverse compression conditions with representative volume elements (RVE). The
simulation was able to reflect wood compression behavior from its results. This gives credits
to the versatility and reliability of FEM as a tool for analysing and simulating the complex
behaviors of wooden materials and structures under various conditions, thereby advancing
both theoretical understanding and practical applications in wood material utilisation.

Woodworkers and engineers alike have learned that the performance and dependability of
this essential component are not to be taken for granted. However, only big manufacturing
organizations in developing nations have the expertise and resources to implement these
contemporary technologies (Tankut et al., 2014). Thus, the Master jig's performance, as well
as its potential deformation behavior, denote critical factors that directly affect the quality and
safety of woodworking undertakings (Icha and Odey, 2024a; Fleming, 2020). Our study aims
to address this by utilizing simulation and predictive modelling as effective methods for
understanding the Master Jig's behavior in operation on the circular saw machine (Icha and
Odey, 2024a; Autengruber, et al., 2021; Hernandez et al., 2014). By using this novel
approach, we hope to predict the jig's performance as well as solve the mystery of possible
failure behaviors that have long evaded conventional techniques (Yildirim et al., 2016;
Autengruber, et al., 2021; Odey and Icha, 2022). Tradition and technology, craftsmanship and
arithmetic, come together in this research. It is an investigation into how simulation and
predictive modelling might improve our comprehension of the behavior of the Master Jig
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under various loads and situations. (Vasic et al., 2005; Tankut et al., 2014; Kumar et al.,
2019).

Predicting the mechanical performance and deformation behavior of wood-based jigs
remains a challenge, especially in environments where fabrication relies heavily on empirical
methods (DeCristoforo, 1988; Icha et al., 2024). While materials such as solid wood and
engineered boards have been widely used in jig fabrication, their layered anisotropic nature
complicates accurate stress prediction without simulation tools. Prior studies using FEM have
demonstrated promising results in understanding the behavior of woodworking component
(Autengruber et al., 2021; Blomaqvist et al., 2023). The master jig introduced in this study is
designed to enhance both safety and precision during crosscutting and mitering operations
amongst others on circular saw machines. Unlike previous jigs, this master jig integrates
modular features to support local fabrication needs. This study presents the FEM- based
simulation of the jig to evaluate its structural performance and identify potential deformation
risk under operational loads.

2. Material and Method
2.1 Material

The materials used for this study were Ochroma pyramidale (Balsa) as solid wood and
medium-density fiberboard (MDF) available within the environs of the research area (Calabar
- Nigeria). A comprehensive detail of materials and hardware used in the construction of the
master jig is detailed in Icha and Odey (2024b). Computer-aided design (CAD) was carried
out using the SOLIDWORKS (2021) software interface to model the master jig. Detailed
drawings are shown in Icha and Odey (2024b). The specific configurations of the master jig
on the circular saw machine and direction of applied force are detailed in Fig. 1.

2.2 Finite element analysis

The SOLIDWORKS (2021) interface was used to model and simulate the MJ components.
The MDF was approximated as a linear elastic isotropic material for baseline analysis. The
mechanical properties of MDF, as listed in Table 1 (Hu et al., 2023), were specified for the
FE model. Connection for the MJ was assigned as bolts and nuts as shown in Icha and Odey
(2024b).

In this model, the base in the yz-plane is assigned a fixed geometry as an anchored point to
resemble the experimental setup in Fig. 1. The jig was mounted on the circular saw table with
fixed boundary conditions applied at contact points between the MJ and the saw table because
the MJ's bar is slotted into the table's groove. A curvature-based mesher was employed using
a minimum element size of 2 mm and 16 Jacobian points. The mesh quality, boundary
conditions and loading points are shown in Fig. 3.

Loads of 520 N and 600 N were applied vertically to simulate the pressing force from a
workpiece being guided by the MJ. These values were chosen based on empirical
measurements of operator force during actual machine use (Fig. 1). The mesh comprised
134,792 nodes and 96,437 elements with average ratios below 1.8. This ensured high-
resolution prediction of stress gradients across intricate corners and holes (Fig. 2).

Contact between jig components and the saw blade was defined using surface-to-surface
contact with finite sliding and a friction coefficient of 0.33, consistent with Massaro and Malo
(2020).
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S00N Sawblade

Circular Saw Machine

Figure 1. Experimental setup of the master jig on the circular saw machine

Table 1. Mechanical properties of MDF used in the study (Hu et al., 2023)

Property Value Sl Units
Modulus of Elasticity 70,000 N/m?
Poisson’s Ratio 0.3 N/A
Tensile strength 0.61 N/mm?
Yield strength 2e+07 N/m?
Mass density 159.99 Kg/m?®
Shear modulus 3e+08 N/m?

r4
e Z v

Figure 2. Mesh quality, boundary conditions and load points.

146



Icha and Odey, Furniture and Wooden Material Research Journal, 8 (1), 143-155

2.3 Failure criteria and equations

To evaluate the fractional behavior of the MJ under applied loads, established failure
criteria were observed since materials undergo fraction when subjected to a sufficiently high
load, with failure characteristics depending on the material properties and the mode of
loading. In this study, varying loads of 520 and 600 N were applied on the MJ, the von Mises
stress (equation 1), directional deformation (equation 2), Elastic strain (equation 3), yield
stress (equation 4) and factor of safety (equation 5) were recorded (Yildirim et al., 2016). Two
types of FE models were created to visualize the observed failure mode. The first represents
the true scale of deformation, while the second was at a defined scale of 0.036047 and
0.135238, respectively.

Von Mises stress (ovm)

va:\[% [(Gx - Uy)z + (Uy - UZ)Z + (Uz - Ux)z] + 6(’{92(3, + T32/Z + T%x) (l)

Where: ox, oy, oz = Normal stresses in the X, y, and z directions, and 1xy, Tyz, Tx = Shear
stresses in the respective planes

Directional deformation (Ui)

=ik
Ui = B (2)

Where: Ui = Deformation in direction i, oi = Stress in direction i, L = Initial length of the
material, E = young’s modulus

Elastic strain (evm)

3
8vm:\/% [(Ex - Sy)z + (Ey - EZ)Z + (e, — 8x)z] +Z(YJZCY + y32/Z + Y%x) (3)

Where: &y, &y, €2 = Normal strains in the x, y, and z directions, and vyxy, yyz, Yzx = Shear
strains

Yield Stress (oy)

F.
Oy = Xy (4)

Where: oy = Yield stress, Fy = Yield force, A Cross-sectional area.

Factor of safety (FoS)
— %
FoS = —- ()

Where: oy = Yield stress, oy = Maximum applied stress
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3 Results and Discussion
3.1 Simulation analysis of the master jig

Table 2 presents data from the simulation analysis carried out on the modelled master jig
when loads of 520 N and 600 N are applied, respectively. The von Mises static stress, elastic
strain and deformation are presented at minimum and maximum levels. The yield strength and
factor of safety are also presented in the table. The von Mises stress values of the master jig
indicating the internal forces acting on the MJ, resulting from the external loads of 520N and
600N, ranged from 7.833 x 10 to 5.560 x 10° MPa and 1.754 x 10° to 9.436 x 10° MPa,
respectively. The elastic strain values of the master jig, which measures the ratio of
deformation to the original length of the master jig and provides an indication of its elasticity,
range from 2.083 x 108 to 6.540 x 10 MPa for the 520N and 6.572 x 108 to 1.433 x 10 for
600 N. The deformation values of the master jig, which indicate the amount by which the
object deforms or changes shape in a particular direction, range from 0.000 x 10 mm to 8.463
x 10> mm at 520N and 0.000 x 10 mm to 3.197 x 10° mm at 600N. The yield strength of the
master jig, which is the maximum stress it can withstand without permanent deformation at
520, was 2.000 x 10’ MPa and at 600N was 3.930 x 10’ MPa. The factor of safety associated
with the master jig at 520N and 600N is 31 and 11, respectively. These results indicate that
the master jig was much stronger compared to the expected load, making it safe.

Table 2. Simulation results: maximum and minimum load values

Object  Load von Mises Elastic Strain Deformation Yield Stress Factor
Name (N) Stress (Mpa) (mm) (Mpa) of Safety
Min 7.833x10* 2.083x 10® 0.0

520 2.000 x 107 31
Max 5.560 x 10°  6.540 x 10 8.463 x 10?
Min 1.754 x 10° 6.572x 10 0.0

600 3.930 x 107 11
Max 9.436 x 10°  1.433x 10 3.197x 10°

3.2 Simulation of distribution diagrams

Figs. 3 and 4 show the schematic distribution diagrams for von Mises stresses (a), elastic
strain (b), and displacement (c) at 600N and 520N, respectively.

At the external load of 520N, the von Mises stresses (ovm) are observed to be higher at the
stop where the force is directed and the work piece is wedged, the base slot and the lower
parts of the fence. Other areas were observed to have minimal stress distribution levels. The
elastic strain (evm) distribution at the same loading condition appears to affect the same areas
where the stress distributions were displaced at almost the same prominence with minimal
levels of stress distribution in other areas. The displacement distribution (Ui) is observed to be
highest at the point of interaction with the saw blade at over 8.463 x 102 mm varying as it
moves away from the stop on both sides within the range of 5.078 x 10*2 mm to 8.463 x 10**
mm, leaving an even distribution on other sides of the base as low as and below 1.000 x 10
mm.
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At an external load of 600N, the von Mises stresses (ovm) are observed to be higher at the
vertical support where the force is directed and the workpiece is wedged, the base slot and the
lower parts of the fence. Other areas were observed to have minimal stress distribution levels.
The elastic strain (evm) distribution at the same loading condition appears to affect the same
areas where the stress distributions were displaced, but with more prominence with minimal
levels of stress distribution were observed in other areas. The displacement distribution (Ui) is
observed to be highest at the upper part of the vertical support at over 3.197 x 10" mm
varying as it moves towards the fence and fence bracers on both sides within the range of
9.394 x 102 mm to 2.238 x 10*3 mm, leaving an even distribution on other sides of the base
as low as and below 1.000 x 10° mm.

These results indicate that the MJ exhibited stress concentrations at vertical supports and
fence junctions, where the workpiece pressure is highest. Maximum directional deformations
occurred at the point of saw contact, confirming the structural demand in that area.

&

c

Figure 3. Distribution of von Mises stress (a), Elastic strain (b) and Displacement (c) with
applied external load at 600 N

a b c

Figure 4. Distribution of von Mises stress (a), elestic strain (b) and displacement (c) with
applied external load at 520 N

3.3 Factor of safety

Fig. 5a and b. shows the factor of safety value on the simulated FE model when external
loads of 520N and 600N are applied. The high factor of safety (11 and 31) across both load
cases confirms the jig’s structural resilience and suitability for high-force cutting applications,
which means that the master jig, as designed, can withstand loads that are 11 and 31 times
higher than its designed load.
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=

Figure 5. Factor of Safety at 520N (a) and 600N (b)
3.4 Deformation behaviour

To observe the deformation behavior (failure mode) of the FE modelled master jig at 520N
and 600N applied load, the stress, strain and displacement diagram were scaled to 0.135238
and 0.036047, respectively which allows visualisation of potential failure regions. The
displays shown in Figs. 6a, b, ¢ and 7a, b, ¢ respectively are results of localised deformation
in high-stress zones, validating the design’s robustness for typical woodworking forces.

However, it should be noted that the true scale (Figs. 3 and 4) represents the possible
deformation that can occur on the jig.

a b c

Figure 6. Deformation behavior of FE model (a) stress, (b) Strain, and (c) displacement when
scaled to 0.135238 for 520N

.{a Yb ‘(c

Figure 7. Deformation behavior of FE model (a) stress, (b) Strain, and (c) displacement when
scaled to 0.036047 for 600N

3.5  Nodal edge plots

Fig. 8 (a-c) presents the nodal edge graph (plots) of static stress, strain and displacement
along a parametric distance for the vertical work support face, respectively. The von Mises
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stress values decreased from 4.00 MPa to 1.00 MPa, suggesting a reduction in the stress along
the parametric distance (Fig. 8a). The strain contour starts at minimum (0.00), indicating no
deformation at the beginning of the parametric distance and jumps significantly to 5.00 and
then to 10.00, suggesting a rapid increase in the strain over a short distance. It then decreases
gradually, suggesting that the material experienced less deformation as the parametric
distance increased beyond the critical point (Fig. 8b). The displacement contour starts at
1,500.00 mm and increases steadily as the distance increases, indicating a movement away
from the point of maximum displacement. Table 3 presents the sum, average, maximum,
minimum and root square means of the nodal edge plots for the vertical work support face.

Plot (yp(’e: Static nodal stress Stress1 Plot type: Static strain Strain1 Plot type: Static displacement Displacement1

4.00+05 15.00 3,500.00
S 3,000.00 : T
& 30040 A , ;
g 3.00 \ 10.00 z
s 3 i £ 2,500.00 i
g 200 5 8
: B U oo & 2000.00 T
$ 1.00:%fy b “ 1,500,004 205"

0.00-%! 0.00* - > . 1,000.00*

000 020 040 060 080 1.00 000 020 040 060 080 1.00 000 020 040 060 080 1.00
Parametric Distance Parametric Distance Parametric Distance
a von Mises (N/m"2) b ESTRN ¢ URES (mm)

Figure 8. Static stress (a), strain (b) and Displacement (c) for the Vertical Work Support face

Fig. 9 (a-c) presents the nodal edge graph (plots) of static stress, strain and displacement
along a parametric distance for the left and right vertical mitre, respectively. The von Mises
stress starts at nearly 1.5 10° MPa with slight fluctuation around the middle area, then
increasing significantly towards the end of the parametric distance. This suggests a possible
stress concentration at the left and right vertical mitre (Fig. 11a). The static strain (ESTRN)
plot (Fig. 9b) starts at nearly 2.00 with a slight increase and fluctuations in the middle area,
and a significant spike is observed towards the tail of the parametric distance near 8.0. This
sharp increase towards the end may indicate a region of high deformation, possibly near the
concentration point of the L/R vertical mitre. For the displacement (Fig. 9c), an initial
decrease near the minimum was observed at the parameter distance of 0.1. Afterwards, a near-
linear trend is observed as the displacement gradually increases until its peak at
approximately 3000 mm and a parametric distance of 1.0. The sum, average, maximum,
minimum and root square means of the nodal edge plots for the left and right vertical mitre
are presented in Table 3.

Plot type: Static nodal stress Stress1 Plot type: Static strain Strain1 Plot type: Static displacement Displacement1
7.00% 8.00 : - ; 3,000.00
6.00+5 f ‘t
6.00 ‘[ _2,800.00
§ 500408 / ) £
: z i .
% 4.00:05 ] = 4.00 i @ 2,600.00
/ i e g
§ 3,00 o { 2,00 ’*»Q‘,,_wv.,/ e : 2.400.00 .‘“‘“/.
2,00+ .
0.00* 2.200.00 F—+————t—t———
o e S SN 000 020 040 060 080 100 000 020 040 060 080 100
000 020 040 060 080  1.00 Pl S
Parametic Distance Parametric Distance ¢ ance
- on Mises (N/m"2) it URES (mm)
a v N2 b ESTRN ¢ m

Figure 9. Static stress, strain and Displacement for the Left and Right Vertical mitre
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Fig. 10 (a-c) presents the nodal edge graph (plots) of static stress, strain and displacement
along a parametric distance for the adjustable stop bar, respectively. The static Nodal stress
(von Mises stress) distribution contour starts very low (Fig. 10a), beginning from a 0.00-0.05
parametric distance and then moves sharply to a peak of about 9.00 Mpa in the meddle
indicating a critical stress concentration and quickly drops down before getting to the end of
the parametric distance of the adjustable bar. The static strain (ESTRN) plot has similar

distributions to the von Mises stress (Fig. 10b). However, the static displacement (URES)
distribution moderates its initial displacement from approximately 700 mm, undulating to the
maximum displacement at a peak of above 1000 mm at the mid-region, and then decreasing
gradually until the contour hits the flow at nearly 1.0 parametric distance. The sum, average,
maximum, minimum and root square means of adjustable stop bar are presented in Table 3.

Plot type: Static nodal stress Stress1
1.00-0
& 80005
E
Z 6.00°05
£ 4,00
£ 200+

rametric Distance

von Mises (N/m"2)

00-00 P S . N — N
000 020 040 060 080

Plot type: Static strain Straini

1.00

0.20

ESTRN c

Plot type: Static displacement Displacement1

1,500.00

£ 1,000.00

500.00

0.00
000 020 040 060 080 1.00

Parametric Distance

JRES (mm)

Figure 10. Static stress, strain and Displacement for the Adjustable Stop Bar

Table 3. Results based-on static nodal edge plots for simulation of different components

Object von Mises Stress Elastic Strain _ Resultant
Name (MPa) Displacement (mm)
Vertical Work Support face
Sum 7.522 x 10° 1.533 x 10° 1.785x 10°
Average 8.646 x 10* 8.706 x 10 2.318 x 10°
Maximum 3.221 x 10° 1.433 x 10* 3.197 x 10°
Minimum 1.346 x 10* 8.145x 107 1.385 x 10°
RSM 1.0486 x 10° 1.370 x 100 2.403 x 10°
Left and Right Vertical mitre
Sum 8.975 x 10° 1.393 x 10? 7.703 x 10*
Average 2.895 x 10° 3.316 x 10 2.485 x 10°
Maximum 6.576 x 10° 7.632 x 10 2.848 x 10°
Minimum 1.036 x 10° 1.497 x 10 2.330 x 10°
RSM 3.209 x 10° 3.499 x 10 2.489 x 10°
Adjustable Stop Bar
Sum 6.571 x 10° 7.487 x 10* 4.145 x 10*
Average 8.113 x 10* 6.568 x 10" 5.117 x 10°
Maximum 9.089 x 10° 7.792 x 10 1.223 x 10°
Minimum 9.762 x 10 1.290 x 10* 3.098 x 10*
RSM 1.805 x 10° 1.508 x 10 6.109 x 10°
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4 Conclusions

A finite element-based approach was used to investigate the performance and deformation
behaviour of the master jig on the circular saw machine as presented in this study. The
following conclusions are drawn:

e The study confirms the suitability of FEM in evaluating the structural performance of
a master jig for circular saw operations.

e The isotropic material assumptions provided an acceptable first-order prediction.

e The jig’s performance under 520 N and 600 N loads suggest its effective use in real
woodworking operations.

Future works should focus on incorporating anisotropic multi-layered MDF modelling for
higher fidelity and developing additional jig types for varied cutting tasks using this
modelling framework.
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