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ABSTRACT

In modern society in which the fourth industrial revolution has come to the fore and rapid technology
innovations are taking place, a phenomenon of making and selling small quantities of various products that
consumers want instead of mass producing one item has emerged. As the market is moving toward the
multi-item small-sized production system, there is a need for a system in which a machine independently
judges and carries out machining and post-processing. In order for a machine to judge processing on its own,
it is necessary to measure the force applied to a product. This study aimed to develop a large-scale
dynamometer that enables three-axis measurement using octagonal ring load cells. As for the device’s
configuration, four octagonal ring load cells, which were previously researched, were used to enable three-axis
measurement. It was reconfigured by modifying the attachment position of the octagonal ring load cells’
strain gauge and the Wheatstone bridge of each axis, and a system was set up to allow the monitoring of
data measured through the monitor. The configured device calculated a strain rate by an experiment, and this
rate was compared with the theoretical strain rate to find a correction value. The correction value was
entered into a formula, deriving a modified formula. The modified formula was entered into the device,
which completed the large-scale dynamometer.
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Fig. 1 Full modeling of experimental device using KeyShot
rendering program
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Fig. 2 Schematic illustration of experimental system
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Fig. 3 Drawing to show connection location of four

octagonal ring of wheatstone bridge

SA3he 24 2eAd 252 2EYR] AlCA R
2T BHEIXNE FASI 2,02 7S AT =3
Fig. 3(d)ell Bol% Y=& SHsts 224d 284
ZZo] 2EH S Ao|AR F2E HIAE #4435t
Z= #7133tk 271 o 7 S H2E BElA
AdEH= AR =Yool FAntAA F=E 7A9E
4 s =9l #Zo] st

FZ317] A8 7129
28 AAE 45
o 295 E HelHe WEE Foly Atz
Front panel®] Z1gjZo] &3 SAlo BUd2 AA5

3. AlglarH

o= YA A AA dd>

o 5)
3% 24 APe 2HE UoHE Fajo] o 24

o
=N
N
N
B
>

(a) Top view

F,

077, |// YUY,
0.0

77

A C

F,

|
%

% g Z 7 %
Y 77 Z

(b) Section view
Fig. 4 Drawing to show position of strain gage attachment
of four octagonal ring

=3 I E @ AA A HEE @] AolE
] 5

R = A

I &
o

FIO g, o ?%
e,
o,
p‘£
e o
w
Ay
1o
i)
2
o

o



N
o
22
o
in}
e

=71 AI7FE e S A A18H, A5

#5249 o) PAS EEUL AASN] Slal SHol

B AREEH o 02 300071 9) HolHE &5} | e et »
B o] AgHTh oo | 3 P empcatormuacita |\ 7
Fig. 62 4% AX18 A% mFolr] mol:= uje} PSS
2ol 38 olgdt 5L kAU dFe 4 ] %
2 Okgr-E] 100kg7kA 10kged] S7FA1A 119 <] £ > 2
A% dolHE TaY 7 a5 ue oW s = 0 e
7 2 27)9) HlolBg FE3T 250 A9 ~EF osoomn 11— A ———
QA Aol A7} 8/ E FAFH A7) Wil 2,7 2,2 cooo]| we—et T
o 20 P 0 0 100
Weight (kg)

Fig. 7 X axis measurement experiment graph at X axis

Jorold 2480 248 25 2,0 12 Hajel Bz
& =&%e] 1 X8 zgtoE /W

3% A9 54 By 28AS AMESt RkE
B0 FFold FFE DU} o] 2k} A
Y HEE @] AolE B4 st BAsk] BA4
< EE9H, =29 BAAS Bt AAE S
e AL 5oz Ay
411 X5 53 &4
Fig. 7 & XZ£22 3 & S/ S v =&H =
(0) Z axis force o€ NYE 1 49 U 2 49 N9E 2
Fig. 5 Direction of force for three-axis measurement 1A A9 W s, 2Ad 23 A3 MEE HlelHE
Yehd T Zo|ch I ZE A RA =HH Oli%}tﬂr

Akl oF 6020} Aw| Aol & HolEh o] £
Lo A9 BAYE VIS & 0 35 SHelAE
B2 e a7l LSS DRl Pl Baro] Yoluk
o7t el Bk old% £ dolEE e
2GRS ol & S YA | Al e
b (A71A nyS BEAZ)

2.18 Fyyr

Eb#? @)

\ : :, Nxéx = &€p =
Fig. 6 Actual installation appearance of experimental

devices

- 32 —



w

Rl
M
1
AN
ol
o
N
off
e
i)
oflt
ofd
1
offt
i
X
=
)

=7 A 7S 8] A A18H, A5E

0.00006 » Theoretical value
# First experiment(Y-axis)
4 Second experiment(Y-axis)
0.00005 | :
v First experiment|{Z-axis)
+  Second experiment{Z-axis)
0.00004
= 0.00002
g
# 000002

0.00001

0.00000 88— 86— —0—8—b—4—H

T
0 20 40 60 80 100
Weight (kg,)

Fig. 8 X axis measurement experiment graph at Y-Z axis

£29 AW xol B WPE 0w 1A %)
s 229 ol Uehdth.

2.18 Fyr
ex=t—— 3
Ny FEbt

Fig. 79 281 =2 A¥ Ry BAHE 13} 23 243
tlolE] @t ol 23 Ao FALG
Qom ol Eato] £AuMEL Ea) Ut Holg

#He FF0] 7hed A

Fig. 8 XZ 02 3122 /AL v 525=
- 5{]_

Y& 12 A8 HIEE, YE 23 4F Uy E, 7251
E

% 9lth,
412 Y& £ AE

Fig. 95 YZ2 2 3] Z/MNAL W] 2&HE o8
WY E 13 2AF W E 23 AF WY E 2Aw
13 A% WY E 1AH 23 4F WHE HolEsS
UeRd e Zo|th 1 ZE AW R HE o) 23kt
A gko] oF 5610 AT o] S B 2%

It

2
M
&

o o

TZ HolEHE 58 BAFE o2 4o uygsAl
@ 4@E)e) FoA "4 nye B

0.00006 4 ®— Theoretical value "
#— First experiment
A
o | Second experiment t
¥ First empirical formula data
+  Second empirical formula data
0.00004 -
-
¥
g 0.00003 ¥
= ’
&= 0.00002 -
L
0.00001 -| p 4 __a—n
P
E o
PR L
0.00000 - e
T T T T T T
a 20 40 60 80 100
Weight (kg,)

Fig. 9 Y axis measurement experiment graph at Y axis
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