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Abstract

Regular exercise is recommended for being healthy and maintaining a well-being life. Trunk
muscles are one of the most important muscles responsible for balancing and stability. Strengthen
these muscles help to improve daily activities and prevent back injury. Therefore, we developed the
trunk muscle exercise equipment (TMx) and evaluated the machine’s usability. First, the safety of
the equipment was analysed, including stress and safety factors. Secondly, the spring attached to
the strain gauge load cell was validated. The spring system was adjustable to increase or decrease
resistance for exercise training. Finally, the usability of TMx equipment and software were assessed
for the trunk muscle workout. From the safety evaluation of the TMx seat, we used an engineering
analysis software based on a 100 kg person. The result showed that the seat could support the
weight with the maximum stress of 108 MPa, and the safety factor is equal to 2.315. The validation
and calibration of the spring system showed that the spring constant value was 3.31 N/mm. The
calculation of forces from spring extension and load cell was close, with the difference not over
1.7%. Furthermore, the exercise equipment was easily adjusted to the forward and backward modes
for trunk muscle exercise. The software was able to determine the force during the exercise workout.
In conclusion, the developed machine (TMx) is safe with high validity of the spring-force measurement
system. The adjustability of the TMx mode is easy and can be applied for abdominal and trunk
muscle exercises. However, further assessment is required in the large numbers of healthy volunteers

to elucidate its effectiveness.

Keywords: Trunk muscle exercise machine; Load cell; Spring system
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1.TMx Designing

2. TMx Manufacturing

3.Software Development

4 Calibration

Figure 1

2.1 TMx designing
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5.TMx Trial

Diagram showing the development of the trunk muscle exercise machine; TMx.
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Figure 2 Seat design process of the TMx.
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Table 1 Material properties for simulation with Autodesk Fusion 360.

-6 3
7.85x 10 kg/mm

-8 3 -7 3
5x10  kg/mm 8x 10  kg/mm

210000 MPa 27.5 MPa 2600 MPa
03 0.275 0.25
250 MPa 0.9 MPa 7.72 MPa
300 MPa 1.1 MPa 772 MPa
0.047 37%10° 12x10"
W/ (mm C} X £ X
W/ mm C), W/ (mm C)
5 4 7
12x10° /C 126 x10 /C 1x10 /C
480 J/ (ke O) 1210 J/ (ke Q) 1300 J/ (ke O)

2.2 TMx Manufacturing
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Figure 3 Components of the TMx

2.3 Software Development
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2.4 Ms#pULiigy (Calibration)
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Figure 5 The relationship between the angle of rotation of the grip and the extension of the spring.
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Figure 6 Testing the spring stiffness and load cell multiplier.

Table 2 Effect of weight on spring length and signal from load cell.

Mass of bag M, Signal from
Spring force F, (N)  Spring length L (cm)
(kg) loadcell (M)
10 344.52 3534 5.32
15 522.36 40.77 10.24
20 691.02 45.80 14.95

Table 3 Calculation of spring stiffness and load cell multipliers.

calculation of ratio of spring force and

Compare of bag
spring stiffness (k) signal from loadcell

mass (kg)
(N/mm) AF/AM, ¢
between 10 & 15 3.28 36.15
between 15 & 20 3.35 35.78
between 10 & 20 3.31 3597
Average 3.31 35.97
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2.5 nManeaasldarn (TMx Trial)
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Figure 7 Rotation plate and the lock of A; forward mode and B; backward mode.
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Table 4 Reliability of force measurement from the machine in forward and backward mode.

Forward mode

0 0-60 326.52 6.12
15 0-60 339.47 5.87
14 0-60 330.80 5.27
8 0-60 320.08 3.78
9 0-60 315.99 3.66
10 0-60 312.66 1.80

Lﬁ@ﬁﬂLﬂ%aﬂ TMx mvﬁmiwmaauﬁaqéfu
LﬁaﬂﬁsLﬁuaaﬂLLsﬂuﬂé’mLﬁadaumaf] (Figure 8)
Tnefindwidefifeadesiuniseonidne s1uau
10 @ @B 1) Rectus abdominis, 2) External
oblique, 3) Pectoralis major, 4) Infraspinatus,
5) Latissimus dorsi, 6) Deltoids, 7) Triceps
brachii, 8) Biceps brachii, 9) Trapezius &g
10) Brachioradialis lagainni1snaas<lnug
Franth udnedoudaluduniiiissozyn 60°

Figure 8 Muscles involved in exercise with TMx.

9. Trapezius
6. Deltoids
3.Pectoralis major
4. Infraspinatus

7.Triceps brachii
8.Biceps brachii

5. Latissimus dorsi

10. Brachioradialis
1. Rectus abdominis

2. External oblique

néundleduillfeanuss  sumiseil 0 Usenau
fremnean 1, 2, 4, 5 & (Fiure 9) Taefinnssu
Fugrenstinsauazsuluiramiivihgy 60 ssm
dwsunsdlFudumiamyail 15 udaulufumin
60 03 wuhndaileflissnieniseentidenie
Usgnaumenneway 1, 2, 3, 4, 5, 6, 7, 8 (Figure
10 uagnduniodiuilioanuss u fuvisn
7l 14 Usznousnevaneas 1, 2, 3, 4,5, 6,7, 8, 9
(Figure 11)
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4. Infraspinatus

5.Latissimus dorsi

1. Rectus abdominis

2.External oblique

3.Pectoralis major
4.Infraspinatus

7. Triceps brachii
8.Biceps brachii
5. Latissimus dorsi
1.Rectus abdominis

Figure 10 Muscles involved in exercise with TMx in forward mode at the position pin 15.

9Trapezius

6.Deltoids

3.Pectoralis major
4.Infraspinatus
7.Triceps brachii |
8.Biceps brachii

14

5.Latissimus dorsi
1. Rectus abdominis

2.External oblique
\

L4

Figure 11 Muscles involved in exercise with TMx in forward mode at the position pin 14.
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FnsUNINnaBI LAY 19Aaq Imamﬂﬁ;mﬁu 7 9 Uszneuse wuneiaw 1, 2, 3, 4, 5, 7, 8,10 way
é]’uLﬂéiauéTﬂﬂé'huwé’qﬁiwzyu 60° nawiilodud néuiloduiildoonuse a G‘hLmu'mmﬁ 10 ASU
Tooon use o ﬁ%mmmmﬁ 8 Ustneudevaneiay v 10 vaneaw (Figure 12-14)

1.2, 4, 5, 6 nénaniiedudildoonuss o UMY

F Ok 6.Deltoids
4.Infraspinatus

5.Latissimus dorsi
1. Rectus abdominis

2.External oblique

6. Deltoids

3.Pectoralis major
4.|nfraspinatus
TTriceps brachii

8.Biceps brachii
5. Latissimus dorsi
1.Rectus abdominis
10. Brachioradialis

Figure 13 Muscles involved in exercise with TMx in backward mode at the position pin 9.

9.Trapezius

6. Deltoids
3.Pectoralis major
10
4. Infraspinatus
7.Triceps brachii
8.Biceps brachii
5. Latissimus dorsi
10. Brachioradialis

1. Rectus abdominis

2. External oblique
Figure 14 Muscles involved in exercise with TMx in backward mode at the position pin 10.
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