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Abstract — This study analyzes patents related to oil diagnosis of construction equipment. Oil diagnosis is
extremely important for maintaining construction equipment properly. Through the evaluation of existing patents,
a patent strategy for the future construction equipment market is presented. The related patents are classified and
selected in several steps. Finally, 16 valid patents are selected and analyzed in detail. In the classification process,
patents are classified by country, year, and company. A market analysis shows that the top 10 companies have
a market share of more than 50. In addition to patents related to the oil analysis of construction equipment, pat-
ents related to automobile oil analysis and development of oil sensors are investigated to identify the contents
of patents in other fields that can be applied to oil diagnosis technology for construction equipment. Moreover,
not only the contents of research articles of two Korean construction companies, but also the research trends in
the literature in this field are used in the analysis. The related patents of the two Korean companies are few. Com-
panies with a high market share, including Caterpillar, hold many patents, and patents for diagnosis algorithms
using such technologies as artificial intelligence and artificial neural networks, along with oil sensor-based con-
dition monitoring technology, are gradually expanding.
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Fig. 1. Motor, pump, valve in excavator[8].
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Fig. 2. Market share of construction equipment(2020).
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Fig. 3. Patent analysis process of oil diagnosis for construction equipment.
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Fig. 4. Patent classification by company and country
from 1* screening.
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Table 1. Technical content of patents by companies

2020
Rank

Company

Technical Contents

CAT

Patent in 2022: Monitoring of
engine oil condition by measuring
oil temp., viscosity, wear particle
amount, pH, and dielectric constant
Patent in 2021: Monitoring system
of hydraulic oil contamination by
measuring particle size, dust dilution,
pollution level using FTIR
Patent in 2016: Off-line method
by checking acid content and metal
content of engine oil and hydraulic
oil

\]

KOMATSU

Patent in 2009: A system for
measuring temp. and viscosity of
hydraulic oil with an integrated
oil sensor

Patent in 2004: Condition moni-
toring for hydraulic machines by
checking amount of foreign mater-
jals through oil sampling and oil
sensor

[O%)

XCMG

Patent in 2016: Oil condition
monitoring using on-line measure-
ment technology

~

SANY

Patent in 2013: Measurement of
viscosity, density, dielectric constant
and contamination level about
hydraulic oil through an integrated
oil sensor

W

ZOOMLION

Patent in 2021: Measurement
of contamination level by a single
oil sensor

(=)}

JOHN
DEERE

Patent in 2009: Development of
technology for oil sampling and
oil circulation in separate pump

3

VOLVO

Patent in 2003: Diagnosis system
for contamination level of hydraulic
oil through FTIR

o]

HITACHI

Patent in 2020: Condition moni-
toring system of hydraulic oil using
TE sensor

Patent in 2000: Development of
a moisture detection by measuring
electrical conductivity of hydraulic
oil

Patent in 1993: Detection system
of insoluble, AN, BN through
multiple single-type oil sensors

HYUNDALI
DOOSAN
INFRACORE

Patent in 2005: Development of
oil level gauge There is no patent
for oil diagnosis

21

HYUNDAI
CONSTRUC
TION
EQUIPMENT

Patent in 2020: A system that
measures and analyzes amount
of impurities, degree of deterioration
of oil properties through an integrated

oil sensor
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Fig. 9. Variation in measurement method for oil
diagnosis.
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for construction equipment.

Vol. 38, No. 4, August 2022



]}\1 6‘]1%12—]0] SokatE

fF, AR, 71effrol st ?613 A3 agolt) o
1.9] Hitachi 719°] F425-59} Zgox] 24 Al
ME BB 5552 Basl Jlon d&eHs
71yfroll thside =ie] 7 A 3 5818 B

$ah3 At

2-6. Exle| =3 -E-M_'f I3|EH°| S5 def W
AA7A edzIe 2 ZAFsA }%
E3]5o] A=A X]’EX]', 7],
53 HTh= 7122l Hol A
ok 53], 2471719 &8 5494 2
AR o] FAehct. ohdek Aol theh 3
Brhks Alage)] A3 9 54
i £ B S e
AR $1A7F ol F
Alz=dle] BEAs gk Alxe] Ak 219
538l FAfsith. A Al $1X] el AhE
5317 Zasitt, =3 thio] thE 71AIA
|o = AN HE &8 AXHES A8skaL o
Z1A1l ARgske SErek AE 7ol ﬂﬂi
Ak el o] FAjstEg o] FZol ik 7]
g gajrt.
ujgfe] AM7A Uy} HHE 55
Z3|EH, 77171 @ UZITk)] Agela 7
A °“‘ g FEF A ) A S
alof it K] FES SAske 9dd &2
Hrh= shpe] AME ofej7ix] FES I 3
9= B3l 839 Axe] Aulzt BeEE
shok & Rolth, )3 AT ANl 24
A HolHE &g3le] THH R FE-F AH
AEE s ¢ e X daElEe digk S8dde
g 7Aook gt & Je1d(deep learning), 134173
(artificial neural network) 7-2 & 83 Ak &
FEF N} FEE E]ol IS TEAoF & Zlolnt.
BOR F&F S0 o3t AHE At 2RAHA}
E2helA 2 HRE Al&sial A deske §4
AfR]2u) HlolE] ] Al&dlel] g S3o% S
710k & Zle|t},

5
?2

oX 1@ to lo
19 4o
2
my)
more
-
{m

ol
O
i

imﬂﬂ‘-l

4
oL
2 o i

l-r[

ANE o 88 B4
25}, 7]

e ool >
> 2

jg}:odlg
oo |
ﬁ-ﬂ

rd

N

é%
4 EJ:‘O' o 2
Moo o afy it b

ﬂ

§

_ll
x> 2

il

o

3}

N 1
il O_Li :(% i o, J
9

41m

9k J
ey
N
X

il

Tribol. Lubr., 38(4) 2022

3.8 =

# ATeE AV e BaE Ssse
24, Qelaigin. 2. UG Foke A7) Bt o
2}tk 7RI 7 o] sl ik 5
sle] BHTOA AL EE 4N AL o83l
WA e B fE 592 dusin. aea
b, A, A, ZAel wet 58 REg
gA 0% Bt = 719
W, A W ot Sy Ssle] digel sl 44
0= B4 sl B 29 a2 5

£
ah)
% 2
i
5
0,
ML
2
o
2
I

o 0 ohfeh A 99 WA Al S
pajo] Bgiglon Bl e =REE s

w2
A A %141 AL71A 719E9] E3le sfele] AdF
719 E2] 53]l via] 7t W-grellA F=sl)

5319} =22 F4sle] A el 551E0lA et
e 78 34 53 3 X A8 Aok 147
o] edxIvtel] Hagh A8 &2 A9 71 7H‘E‘L
n&sitke SAIKS detelar o g o] 5o e
el ojde Xﬂ*l STt ko R = AAA o)Al AlE]
9= B3 §8RG AlAQ] s olg) gk &
2ol etk 7 HH‘OI dasi anAeA JRE d
sl sl Falau st diol ] Al2go] of
& 712 7iwo] ot

oIl B3 53] o 5% Re) 51g A
o2 AzkELh s o)A wmSo] $ejuke] B
Ak paekm 8 9 715l e Ans
gushe WA ozt 2g z

_A.u

7l
o]
ol
3
ar

Acknowledgements

o] EH-e 3
o (2022).

HUAAEFL] A 9oz FPE A7

References

[1] Waris, M., Shahir Liew, M., Faris Khamidi, M.,
Idrus, A., “Criteria for the selection of sustainable
on site construction equipment,” International Jour-
nal of Sustainable Built Environment, Vol.3, No.l,
pp-96-110, 2014, https://doi.org/10.1016/j.ijsbe.2014.06.
002.

Zeng, J., Zhao, C., Zhang, M., Zhao, M., “Study
condition monitoring of construction equipment
based on wireless sensor networks”, 2010 Interna-

2

—


https://doi.org/10.1016/j.ijsbe.2014.06.002.
https://doi.org/10.1016/j.ijsbe.2014.06.002.

—
w
—_

—
~
=

[5

—_

[6

—_

(7]

—
o]
—_

9

[13

—_

[14]

[15]

74717418 e dXId A 59

tional Conference on Computer Application and
System Modeling, Taiyuan, China, October 2010.
Jiang, Y., He, X., “Overview of applications of the
sensor technologies for construction machinery”,
IEEE Access, 2020, DOI 10.1109/ACCESS.2020.
3001968.

Felix, N., Jennifer A., H., Jacqueline, G,, “Improv-
ing hydraulic excavator performance through in line
hydraulic oil contamination monitoring”, Mechani-
cal Systems and Signal Processing, Vol.83, pp.176-
193, 2017.

Hong, S. H., Seon, E. H., Jun, S. H,, Kim, L. S.,
Jeon, H. G, “Development of test device for machine
condition monitoring system with lubricant oil sen-
sors”, Proc. Conf. Korean Tribol. Soc., Dagjon, Korea,
September 2020.

Naskoudakis, I., Petroutsatou, K., “A thematic review
of main researches on construction equipment over
the recent years,” Procedia Engineering, Vol.164,
pp.206-213, 2016, https://doi.org/10.1016/j.proeng.
2016.11.611.

Hong, S. H., “Literature review of machine condi-
tion monitoring with oil sensors — Types of sensors
and their functions”, Tribo. Lubr., Vol.36, No.6, pp.297-
306, 2020, https://doi.org/10.9725/kts.2020.36.6.297.
Sunway Trading & Manufacturing, http://www.sun-
waymarketing.com.my/heavy-equipment-parts/, Accessed
July 27, 2022.

Current status and trend of global construction
machinery industry, http://www.conslove.co.kr/news/
articleView.htm1?idxno=69384, Accessed August 2,
2022.

Hiroki, T., Akira, K., Akita, H., Hamamachi, Y., Onose,
K., Ogura, K., Construction Machine, Hitachi Con-
struction Machinery Co., Ltd., JP Patent No.29147214,
2017.

Tomioka, H., Construction Machine, Sumitomo
Heavy Machinery Construction Equipment Crane
Co., Ltd., JP Patent No. PCT/JP2019/022697, 2019.
Jang, Y. Y., Diagnosis unit of oil pressure equip-
ment for test unit for construction machine, Sambo
CM.C Co., Ltd., KR Patent No.1020130010167,
2013.

Morizawa, T., Hamamachi, Y., Ogura, K., Katsu-
toshi, H., Management system for construction machine,
Hitachi Construction Machinery Co., Ltd., JP Pat-
ent No.26258649, 2014.

Lee, M. H., IM, J. S., Oil monitoring system for
construction equipment, Korea Shipbuilding & Offshore
Engineering Co., Ltd., KR Patent No.1020070088847,
2007.

You, S. B., Abnormality diagnostic system for work
system of construction machinery and method using

T

X 149

the same, Hyundai Doosan Infracore Co., Ltd., KR
Patent N0.1020167015014, 2014.

[16] Hyun, S. O., Young, M. J., Level gauge, Volvo Con-
struction Equipment, US Patent No.13997434, 2010.

[17] Ono, G, Oil deterioration diagnosis device, Mito
Industrial Co., Ltd., JP Patent N0.34094888, 2022.

[18] Takami, H., Akira, K., Ogura, K., Akita, H., Onose,
H., Hamamachi, Y., Oil diagnostic system, Hitachi Con-
struction Machinery Co., Ltd., JP Patent No.31532354,
2017.

[19] Ahn, K. B., Ahn, D. J., Won, S. S., Fault diagnosis

system and method for hydraulic breaker, Chungbuk

National University Industry-Academic Coopera-

tion Foundation, KR Patent No.1020140044921, 2014.

Shindai, K., Impurities detection apparatus for

hydraulic fluid of hydraulic equipment, Cobelco Con-

struction Machinery Co., Ltd., JP Patent N0.30179515,

2018.

Alessandro, B., Luca, F., Antonio, O., Johnh, P,

Work vehicle hydarulic circult with hydraulic fluid

condition monitoring sensor, CNH industrial Italia

S.P.A., IT Patent No.18163517.8, 2018.

[22] Akira, K., Hideki, A., Goichi, M., Management sys-
tem for working machine, Hitachi Construction
Machinery Co., Ltd., JP Patent No.31160201, 2019.

[23] Teruo, N., Akira, K., Hideki, A., Yoshiya, H., Kat-

sutoshi, H., Kotaro, O., System for diagnosing oil

properties in working machine, Hitachi Construction

Machinery Co., Ltd., EP Patent No.15869648.4,

2015.

Hiddeo, N., Akira, K., Hideki, A., Hoya, H., Shori,

H., Kotaro, O., Work machine oil characteristic diag-

nostic system, Hitachi Construction Equipment Co.,

Ltd., JP Patent No.26253524, 2014.

[25] Kim, Y. H., Moon, S. P, Jeon, H. H., Lee, J. H.,
MdAbuAyubSiddque, Baek, S. H., Baek, S. M,
Lee, N. G, Kim, W. S., Hydraulic oil oxidation detec-
tion system and method of tractor gear pump, The
Industry & Academic Cooperation in Chungnam
National University, KR Patent No0.1020200129197,
2020.

[26] Kim, T. H., Jung, Y. H., 4 iron sensor and measur-
ing iron using EDDY current, Solge Corp., KR Pat-
ent No.1020200151395, 2022.

[27] Kim, T. H., Park, H. G, Jung, Y. H., 4 iron abrasive
particle concentration diagnostic sensor in lubricating
oil, Solge Corp., KR Patent No0.1020190048779, 2019.

[28] Kim, T. H., 4 device for measurement of oil degra-
dation, Solge Corp., KR Patent No.1020180109895,
2019.

[29] Akihiko, Y., Yasuhiro, K., Lubricating oil quality
evaluation method and quality evaluation device,
Mitsubishi Hitachi Power Systems Co., Ltd., JP Pat-

[20

—_—

[21

—_—

[24

—_

Vol. 38, No. 4, August 2022


https://doi.org/10.1016/j.proeng.2016.11.611.
https://doi.org/10.1016/j.proeng.2016.11.611.
http://www.conslove.co.kr/news/articleView.html?idxno=69384
http://www.conslove.co.kr/news/articleView.html?idxno=69384
http://www.conslove.co.kr/news/articleView.html?idxno=69384

150 3

&
folr

oX

ent No.26157682, 2014.

[30] Akihiko, Y., Turbine oil deterioration determina-
tion method, Mitsubishi Heavy Industries Co., Ltd.,
JP Patent No.15001424, 2003.

[31] Naoji, H., Chiyuki, C., Beonsin, M., Techeuya, S.,
Kajeumine, S., Lubricating oil deterioration evalua-
tion device and lubricating oil deterioration evalua-
tion system, Mitsubishi Heavy Industries Co., Ltd.,
JP Patent No0.23264696, 2011.

[32] Tomomi, K., Reiko, D., Chisato, T., Shinsaku, D.,
Device for detecting tracer substance for lubricating
oil for engine and engine system, Mitsubishi Heavy
Industries Co., Ltd., JP Patent N0.22288741, 2010.

[33] Freese, V; Charles E., Rostoskey; Michael J., Gar-
vey, iii Raymond E., In-situ oil analyzer and meth-
ods of using same, particularly for continuous on-
board analysis of diesel engine lubrication systems,
Detroit Diesel Corporation, US Patent No.08403638,
1995.

[34] Gilch, M., Graupner, O., Method and system for
monitoring the state of an engine oil in an internal
combustion engine, Continental Automotive GmbH,
DE Patent No.07802723.2, 2007.

[35] Valerie, D., Imane, H. B., Jean-Claude, D., Appara-
tus for controlling the quality of lubricants and
methods for controlling the operation of industrial
equipment using lubricants, Totalenergies Marketing
Services, FR Patent No.PCT/FR2009/051999, 2009.

[36] Bernard, K., Raymond, R., Method for measuring
the oxidative stability of lubricating fluids, Evonik
Oil Additives GMBH, US Patent No.PCT/EP2007/
056674, 2007.

[37] Henrik, E., Stefan, R., Method and system for moni-
toring of oil quality deterioration, Scania CV AB,
SE Patent No.WO 2012/169956, 2012.

[38] Prabhu, R. S., Shanmukh, S., Madyastha, V. K.,
Adhiachari, S., Kayal, S. V., System and method for
estimating engine oil health, General Electric Com-
pany, US Patent No.14476378, 2014.

[39] Hong, S. H., “Development of Machine Condition
Monitoring System in Axle of Construction Equip-
ment,” Proc. Conf. Korean Tribol. Soc., Daejeon,
Korea, September 2020.

[40] Hong, S. H., “Lubrication Characteristics of Hydraulic
Oil Contamination in Construction Equipments,”
Proc. Autumn Conf. Korean Tribol. Soc., Jeju, Korea,
October 2021.

[41] Hong, S. H., “Development of Experimental Device
for Analysis of Hydraulic Oil Characteristics with
Dielectric Constant Sensors”, Tribol. Lubr., Vol.37,
No. 2, pp. 41-47, 2021, https://doi.org/10.9725/
kts.2021.37.2.41

[42] Hong, S. H., Jeon, H. G,, “Durability test device for

Tribol. Lubr, 38(4) 2022

axle of construction equipment with ferrous wear
particle sensor,” Proc. Autumn Conf. Korean Soci-
ety of Automotive Engineers, Jeju, Korea, Novem-
ber 2020.

[43] Yan, R., Gao, R. X., “Complexity as a measure for
machine health evaluation”, IEEE Trans. Instrum. Meas. ,
Vol.53, pp.1327-1334, 2004.

[44] Kumar, M., Shankar, Mukherjee, P., Mohan, Misra,
N., “Advancement and current status of wear debris
analysis for machine condition monitoring: a review”,
Ind. Lubr. Tribol., Vol.65, pp.3-11, 2013.

[45] Khan, M. A., Starr, A. G., “Wear debris: basic fea-
tures and machine health diagnostics”, Insight Non-
Destr. Test Cond. Monit., Vol.48, pp.470-476, 2006.

[46] Hong, S. H., Ha, J. M., Seo, M. G, Cho, J. L., Jeon,
H. G, Yoo, J. H., “Machine condition monitoring
system with ferrous wear debris sensor,” Proc.
Autumn Conf. Korean Tribol. Soc., busan, Korea,
October 2019.

[47] Flanagan, I. M., Jordan, J. R., Whittington, H. W.,
“Wear-debris detection and analysis techniques for
lubricant-based condition monitoring”, J. Phys. E.
Sci. Instrum., Vol.21, pp.1011-1016, 1988.

[48] Du, L., Zhu, X., Han, Y., Zhe, J., “High throughput
wear debris detection in lubricants using a reso-
nance frequency division multiplexed sensor”, Tri-
bol. Lett., Vol.51, pp.453-460, 2013.

[49] Cao, W., Dong, G., Chen, W., Wu, J., Xie, Y. B,
“Multi sensor information integration for online
wear condition monitoring of diesel engines”, Tri-
bol. Int., Vol.82, pp.68-77, 2015.

[50] Zhu, X., Zhong, C., Zhe, J., “Lubricating oil condi-
tion sensors for online machine health monitoring —
A review”, Tribol. Int., Vol.109, pp.473-484, 2017.

[51] Murali, S., Xia, X., Jagtiani, A. V., Carletta, J., Zhe,
J., “Capacitive Coulter counting: detection of metal
wear particles in lubricant using a microfluidic
device”, Smart Mater. Struct., Vol.18, pp.37001, 2009.

[52] Wen, Z., Yin, X., Jiang, Z., “Applications of elec-
trostatic sensor for wear debris detecting in the
lubricating oil”, J. Inst. Eng. Ser. C., Vol.94, pp.281-
286, 2013.

[53] Keller, M. A., Saba, C. S., “Monitoring of ester
base lubricants by dielectric constant”, Lubr. Eng.,
Vol.45, pp.347-351, 1989.

[54] Du, L., Zhe, J., Carletta, J., Veillette, R., Choy, F.,
“Real-time monitoring of wear debris in lubrication
oil using a microfluidic inductive Coulter counting
device”, Microfluid Nanofluidics, Vol.9, pp.1241-1245,
2010.

[55] Du, L., Zhe, J., “Parallel sensing of metallic wear
debris in lubricants using under-sampling data pro-
cessing”, Tribol. Int., Vol.53, pp.28-34, 2012.



74717418 e dXId A 59

[56] Hamilton, A., Cleary, A., Quail, F., “Development
of a novel wear detection system for wind turbine
gearboxes”, IEEE Sens. J., Vol.14, pp.465-473, 2014.

[57] Wu, T., Wu, H., Du, Y., Kwok, N., Peng, Z.,
“Imaged wear debris separation for on-line monitor-
ing using gray level and integrated morphological
features”, Wear, Vol.316, pp.19-29, 2014.

[58] Markova, L. V., Makarenko, V. M., Semenyuk, M.
S., Zozulya, A, P., “On-line monitoring of the vis-
cosity of lubricating oils”, J. Frict. Wear, Vol.31,
pp-433-442, 2010.

[59] Markova, L. V., Myshkin, N. K., Kong, H., Han, H.

G, “On-line acoustic viscometry in oil condition

monitoring”, Tribol. Int., Vol.44, pp.963-970, 2011.

Laget, O., Malbec, L-M., Kashdan, J., Dronniou,

N., Boissard, R., Gastaldi, P., “Experimental and

numerical investigations on the mechanisms leading to

the accumulation of particulate matter in lubricant

[60

—_—

[61]

[62]

[63]

[64]

T

X 151

oil”, SAE Int. J. Engines, Vol.9, pp.2030-2043, 2016.
George, S., Balla, S., Gautam, M., “Effect of diesel
soot contaminated oil on engine wear”, Wear, Vol.262,
pp-1113-1122, 2007.

Moon, S-1., Paek, K-K., Lee, Y-H., Kim, J-K., Kim,
S-W., Ju, B-K., “Multiwall carbon nanotube sensor
for monitoring engine oil degradation”, Electro-
chem Solid-State Lett., Vol.9, pp.H78, 2006.

Hong, W., Cai, W., Wang, S., Tomovic, M. M.,
“Mechanical wear debris feature, detection, and
diagnosis: A review”, Chinese Journal of Aeronau-
tics, Vol.31, No.5, pp.867-882, 2018.

Yang, D., Zhang, X., Hu, Z., Yang, Y., “Oil contam-
ination monitoring based on dielectric constant mea-
surement,” Proceedings of the International Conference
on Measuring Technology and Mechatronics Auto-
mation, Zhangjiajie, China, April 2009.

Vol. 38, No. 4, August 2022





