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We have developed the hybrid prototype load cell structures, These developed load cell structures may increase the reliability

of the load sensing by deriving the load values through the double sensing method through the vertical maximum deflection

and bending stress of the simple beams, For this purpose, the structure design was performed so that the load value, the

deflection and stress value could be output to the same value through the optimal structure design, The structurally designed

dimensions reaffirmed the accuracy of the design through the structural analysis program and the matching of the load value

and the deflection value, Based on the designed structural dimension, the prototype form was constructed through laser

cutting and production using hot rolled steel materials, The developed prototype load cell structure can be used as good

educational material in various subjects such as material mechanics, steel structure design, measurement engineering, and

mechatronics engineering. It is also believed that the measurement system ideas can inform the occurrence of errors in the

event of a problem, and if a major accident caused by a sensing error is predicted, it will show good utilization to prevent

accidents,

Keywords : Development of load cell structure(2E “dl 717 JHE), Hybrid dual load cell(t0[E2|E FH Z2& Al Optimal structural

design(ZA X A7), Structural analysis(£% HAd)
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Structural Design System for Hybrid Dual Load Sensor

Simple supported type

Cantilever type(Edge load) | (Central load)

[ developed by prof. j. h. ham(Halla University) |

Fig. 1 Structural design system for hybrid dual load cell
structure

(unit: kgf & em )
Structural Design subsystem of Cantilever Beam Type Dual Hybrid Load Sensor
Subjected to End Vertical Downward Load

‘Dbjel:t function | Beam volume(V) ‘ 185‘
‘Design variables Beam height(t 0.5
Beam length(L) 39.69
Beam breadth(b) 9.52
Constraints (L/bh~2)-(100/6)=0 0.00
((L~3)/(b*h”3))-(0.1*3*2.1e6)/12=0 0.00
20<=L 39.69
L<=100 39.69
1l<=h 9.52
b<=10 9.52

‘Thenretical verification JMax. vertical deflection(8=(PI~3)/(3EI) 0.10

Elastic modulus( E) 2100000
dary cross section 0.10
‘Thenretical verification JBending stress (c=My/T) 100
Bending 39.69
Vertical distance from N.A.(y) 0.25
Title screen button

Fig. 2 Structural design subsystem of cantilever beam type
dual hybrid load cell structure subjected to end
vertical downward load

(unit: kgf 8 cm )
Structural Design Subsystem of Simple Supported Beam Type Dual Hybrid Load Sensor
subjected to Central Vertical Downward Load

[Object function | Beam volume(V) | 189.00 |
[Design variables Beam height(t 0.40
Beam length(L) 70.99
Beam breadth(b) 6.66
Constraints (3L/2bh~2)-(100)=0 0.00
(L*3)/(48ED) -0.1=0=0 0.00
20<=L 70.99
L<=100 70.99
1<=b 6.66
b<=10 6.66
Theoretical verification 1|Max. vertical deflection(3=(PL 3)/(48EI) 0.10
Elastic modulus(E ) 2100000.00
Secondary cross section m 0.04
[Theoretical verification 2[Bending stress (o=My/I) 100.00
Bending 17.75
Vertical distance from N.A.(y) 0.20

Title screen button

Fig. 3 Structural design subsystem of simple supported
beam type dual hybrid load cell structure subjected
to central vertical downward Load
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Fig. 4 Load cell 3D-CAD of cantilever beam type structure
subjected to end vertical downward load

Fig. 5 Load cell 3D-CAD of simply supported beam type
structure
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Fig. 6 Load cell sliding supported part 3D-CAD of simply
supported beam type structure
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Nastran, 2005)2 0|8510f Z12k| HeAE ARZsl0] MAH A
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72E Fig. 102} 2t

Fig. 7 Structural analysis of vertical deflection results of
cantilever beam type load cell structure subjected

to 1kgf vertical downward load(Max. vertical

deflection = 1.00 mm(= 0.10 cm in Fig.7)

Fig. 8 Structural analysis of bending stress results of
cantilever beam type load cell structure subjected
to 1kgf vertical downward load(Max. bending

stress = 1.00 kgf/mm? (= 100 kgf/cm? in Fig. 8)
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Fig. 9 Structural analysis of vertical deformation results of
simply supported beam type load cell structure
subjected to 1kgf vertical downward load(Max.
vertical deflection = 1.00 mm (= 0.1cm in Fig. 9)
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Fig. 10 Structural analysis of bending stress results of simply
supported beam type load cell structure subjected
to 1 kgf vertical downward load(Max. bending stress
= 1.00 kgf/mm? (= 100 kgf/cm? in Fig. 10)
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Fig. 11 Load cell structure of cantilever beam type subjected
to end vertical downward Load

Fig. 12 Load cell structure of simply supported beam type
subjected to end vertical downward load
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QO|ELS| =EOZ 0 ~ 2.3 kgf HAHOM, EFMA OFY™ HZ Table 1 Measurement results of cantilever beam type load
2 95l s=-ut Al mle| HojA| Ji=8 T £ 2ot 22 K cell structure
&2 2olA 22t & 10 A 2| ASsIE(Table 1, Table 2 & Vertical end
xS MAsIgCt Zt 5150 Tish el Eo} ciEX|X| B Test Vertical deflection Stahd?rd Variance
siEfo] LoiZm(Hot rolled steel plate, EMIHIZE): 2.1E6 no. ?Sr‘:tf:g (Meavzlﬁj:;ne”t de"('s)t'on (0%)
kgf/enf)e| & ZE M ol 2|t 2| MAS CIXE HYS (unit:mm)
H7|(Fig. 14)E o|&3l0d, flo|EQ| =gtg &3l 7Ilixl= & c1 0.00 0.00
SolEnt 22 M RE S He(ste] FME HF Z2HE Table 1 o2 010 0.09
3} Table 20| 2F5i%Ct o3 0.20 0.19
C4 0.30 0.29
C5 0.50 0.49
9.37E-03 | 8.78E-05
C6 0.70 0.69
C7 1.00 0.99
C8 1.50 1.51
C9 2.00 2.01
E C10 | 2.30 2.29

J2|30 AD| F Tableg 2=z Mg Lhede 242t Fig.
15 2 Fig. 162} 2t & JefZofM 52 zizh iy 2
glefle| 2= M FxO| X CHESHS(Trelkef) 2t TEEXIX| £
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Fig. 13 Various weights
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Table 2 Measurement results of simply supported beam
type load cell structure

Central
Cen.tral verhcgl Standard .
Test vertical deflection - Variance
deviation 5
no. load (Measurement (o) (0%)
(unit: kgf) value)
(unit:mm)
S1 0.00 0.00
S2 0.10 0.10
S3 0.20 0.21
S4 0.30 0.31
S5 0.50 0.51
8.65E-03 | 7.49E-05
S6 0.70 0.71
S7 1.00 1.00
S8 1.50 1.49
Fig. 14 Digital displacement indicator S9 2.00 2.01
S10 2.30 2.31
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Fig. 15 Vertical end deflection(Measurement value) according
to the variation of vertical end load(Cantilever beam
type load sell structure)

=
n

Central vertical deflection(Measurement value)(unit:mm)
(=]
n

0] 0.5 1 15 2
Central vertical load(unit: kgf)

Fig. 16 Central vertical deflection(Measurement value)
according to the variation of vertical end
load(Simply supported beam type load sell
structure)
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