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%3 HV (Hybrid Vehicle) : /N1 71 v FHBHE

%4 : PHV (Plug-in Hybrid Vehicle): 79 74 ¥ - A 7Y v FHBEjHE

%5 : BEV (Battery Electric Vehicle) : B4 H B85

%6 : FCV (Fuel Cell Vehicle) : #F i
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HORIBA Jobin Yvon 200 Years of Optical Innovation

T NT1Ty b
Ramdane BENFERHAT

Auguste-Jean Fresnel
1788-1827

Jean-Baptiste Francois
Soleil 1798-1878

Cordouan lighthouse tenth-tallest
“traditional lighthouse”in the world: 1611
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o a/v> 1R (Jobin Yvon) 35 FAIZE200BFE# DA £,

Jobin Yvon, the predecessor of HORIBA France, cerebrates the
200th anniversary this year 2019. This is historical comments on
their technical innovation as the global leading company
developing and supplying various systems with world cutting
edge spectroscopic technology.
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BARIN 75 ADHHETHA[Y a8 4K (Jobin Yvon) J1Z, 442019
FTHIZE200E 2 MR B o IBLYEDRIFELSK, 70— N - ) =T 1 ¥ 7 v
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184S, I —ua v SFEEIE, 7 A ) A KELS O, o—v—baaTE T
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BAOWEZEE EIF . CO”RBIC L > TI— 10 v 3O KRFEER RIS
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W72, 18194E6 H, K - Ml E Th H o727 7 » AEMDFrancois Arago(7
VT TII)IEoT, oW EEmDOIRFE L L TELX % Augustin
Fresnel (A —Fa2RX¥ ¥ TV AN)DT Ty ADIAREEBRITHEE SNz, &
MUZ X D Fresnelld A F1) A & RKTERFEOITHEOUBEXHY 52 L1
T o 728, B BRI 6 & i RIS ST & BBk L X (Fresnel
lens) % %51 L 720 #2136 H i ©Jean-Baptiste Francois Soleil (¥« >~ /X7
FAAN 75097 VL A)NIZDOL » AOFERKIAL 720 2178, Jobin
Yvon®D ¥ Y H A& NFHANDOEWDIGE )
L7 o7z, 18194E-18924E D], ZHE T K
AFAEFEIEEL, KORLEZMET 5
JFET R - HFEM OB TEHICBNT,
FHICHEHB L o7z,

Fresnel lens
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Leon Laurent polarimeter Babinet compensator Soleil-Babinet saccharimeter dedicated to the measurement of
sugar in blood.

18924F-1996%F : Jobin YvonDEHX
—BARNIED ORARTHEAN—

18814127 5 » ADEcole Polytechnique (I — )V - R 577 =— 2 ) B 7R
LI & 7 o Tz Amédée Jobin (7 X7 ¥ 3 /32) 7%, Jao BT O %8
TEL L RS E O Alfred Cornu(TIV 7Ly K 2= 2) Do %2 T,
18924E12Léon Laurent® L& % kA L 72, Jobinld BifL#& & F U < Hr L WA
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~ ™ —), Charles Fabry(¥ ¥ V)V 7 7 7)), Henri Chrétien(~>1 7 L 7«
T ) e v B E LR L TEFE RO, F O 2 L DS19004E 12 B
fie S 723 ) HEIEL &2 B\ CFabry-Perot (7 7 7' - <0 —) Ti#aH5H
REIRTAHZEIZOBD 0T, Amedee JOBIN

$ 9 — AN, Amédée Jobin®IRHEE T, 19034E12Ecole Polytechnique# %2 1L 72
Gustave Yvon (F o A% —7 A K 2) 2819114 2 AfE L 720 Gustave
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HIZBW T R TES O E M 2 i OR4GF & 7o T b,
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FORFR, Z 9 LD T TN S NAZRHIER O W DA RHEHHiT o 2k
WHMT A2 e o7z md L LHBNTWA DL, Vernes-Bricq (Wb X
7 w7 ) &Gustave Yvonll X o TN S MW/ 3k B 665,
Lecomte de Nouy Va2 ¥ b Fa X A)IZ Xk 2FEENF2 BLO, Paul Gustave YVON
Meunier (K—)b & =T) |2 X 5 HEREFH*>TH 5,

%1 : Absorption and diffusion spectrometer, L£IZF /8% X — % (REWERT) OXFT,
Frf- O FE 72 I ERm A HEET 572010 EITENTE R VI EOREWE % JET
LOIEHENL,

%2 : Tensiometer, ') ¥ 7 (Du Nouy ring method) & L THIS N TW A,

3 WHEBBLEOMS ZLEE T 2IOEEMICL WV ELAET TR L TRINYT 2 Jobin Yvon logo mark
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19424E, 82i% 127 o 72 Amedee Jobin®5 B2 £ V) Gustave Yvon& OEIE#
T L7278, BHEIZHR C BR E o T RgICE 4L 7 e 7 = A ETFDRene
Lacoste V& T I AT) S50 BEZ L LTREICMbDALZ L o7z 2
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Ramdane BENFERHAT
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Deputy General Manager for Business Strategy
Global Business Div. HORIBA, LTD. Ph. D.
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HORIBAs Analysis Technology Expanding in Shipping Industry

BADOER CFRICEREMXIARFAIRTHY, EEANEMEZIZZ 5B LEH®
BZDEELFERE L TRELUMRBEORBEIED XIS XICLEK
T[BEENEFEEIN DL DICHE > TS, HORIBAIKMMHAFICH I B3ZL DS
EHCHED Y, BRIE, BRBRIEY (NO SEERHEH X 2ET, BIRAEETHAE
EEHHANOxt > ¥, MFhPIREA S, HFH S ERERKESE, K
FRKEIREF v PEEMMERNREHL TV S,

International transportation is essential for Japan’s development and future, and
marine transportation has been important for overwhelming transport capacity
where air pollution by ships exhaust gas attracts attention with the upsizing of
ships and vessels. HORIBA has engaged in various analyzers and is currently
supplying to shipping industry such as exhaust gas analyzer for NOx
identification, NOx sensor for SCR control, analyzer for sulfur in fuel oil, oil-in-
water concentration analyzer, water quality analyzer for exhaust gas purifier,
and SCR urea water deterioration inspection kit etc.

ELC®HIC

HAGWG ZMICHENTED, HARDBEED»SBIEICE S F8R LRI, i
Fak - HLZedmat i < LCRENR Vo TOPTH RN 2R 2132 5 L
#i, W AOER TR E LTHREL TR %IV TIIiLog
Gh—EIERT 2EVERELR T 778 —Th bz, ar T, Ry~
71—, BHEHERINE ORI RI L HEA 72, ZAUTHEG, R & HEE DTG S
Bk, Atz (CO2) HF NSO BRBERTEII S § 2 W £ § 3k
BNDLEIITH->TETWVD KA T AERERETIE, S E TREHRRP
IO EIEN, BMSFEOBEFAER 2 EHN LT 5HEENETH 7275
HEREZ BT B ARAATE T 22 & 2 RKETG S, M A 5 QPR BETEY, i
WG X MG R e L QIEE S NS L)1k TE T,

RRRAZER (CEH T DHORIBAD A HRET

HORIBADHE T A5 HratL, BEFEHFEAAT AGHEhro Ay — L, =Y
RHME 2 5P S N DT A GHTRIAN L AL E B 72, £72, HORIBAIZR S
GHETA = —& LT, B - i - "R Tosiciitic& 2 a7 il %
HLTHBD, 1980F R OHEAKH T IREFT (OCMAY Y — X) OfRMICIZ T
D, I EIC B 5% K OGHTENCHED o TE 72, BUfE, FADSIFCIERE L
@RI (NOx) #i 52 HIHEA A 5015 (MEX A-1700DS) K2 8 4R fil it 5 70 Ay 22
& (SCR) I JHINOxt >~ 4 (MEXA-820NOx) %, B0 43 B T RA: I i i
SR (SLFA-60M) %, RE D/ TIlE, EFLOMEsHomAgET 21t
FEE K E TR (EG-100), SCRIRFKRBIUHREF v M EEZMSER~FRA L

EFH KA

Nagato UEDA
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B

HRRASCREIEANOXE > J 2N hpHX —4
MEXA-820NOx LAQUAtwin
?ﬁjﬂl‘ié;}l&;ﬁﬁm .
MEXA-1700DS : H " A\a - ‘1 ﬂﬁg%j—jéﬁﬁﬁéﬁo

o o° pH/ B /iR E/PAH

Figure 1 HORIBA’ s analyzers for ships

Tw5 (Figure 1),
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T, BAMEEM R ETREESNDIIANF -2 —HEI LDy 71) —
Bfrix, T OFEOEEE R L, REERARFEOH LWRESL S Twd. £
DR E LT, BIIOMERN MM 2 EZHT 2720, KA - KEBRREOFHIR

THTIEAE % N7 © T E T Do B O 2 LB BB IS D ZALIZ W,
CNSDOFHEHIRE 4 2 ERIZIBEZ T2 T X% 5 7% v, HORIBAI,
Figure 2127R3 & 912, = A VF—AE, #ek - FE, W - BROFEIEIT

B ﬁEF i
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x5y NER
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Figure 2 HORIBA’ s technology expanding in whole energy industry
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Figure 3 HORIBA’ s business expansion

LT, ZANVF—DREOZEIZHIG LT, & 5 W % Wil TorHiir & fft L
T ZENTE D,

BFhHUIC

HORIBA®HZ (Figure 3) 1%, & b OEH 72 Rk L BRI CRIG L 2 1 ud
HHHRVWHESE RIEZ, /A AhSHERT A XITEBL Twb, BERE

LD BWERESEICEMTEAMEL LT, 2, EROBE - —
ELT, TR 720 TR NEHITTVE L,

* RN FFBEOREIA T VIR Y ARRESATER T o AR I £ DOV TR
HLTWET,

tH XkA

Nagato UEDA

B 2t S BT o
R KR — A+ 7 1 A fRfiES < 3 D v —
Manager for ships industry business

Osaka Sales Office, Sales Division
HORIBA, Ltd.
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Selecting Technologies for Compliance with Environmental Regulations in Shipping

mtE T
Chiori TAKAHASHI

FESZIFZERR S N e b - PR - ST
@iﬁmﬁéﬂ ZEHT bR - @ﬁﬁﬁﬁ/XTAﬁn7w TE

Power and Energy System Research and Development Group Head
Marine Environment & Engine System

National Maritime Research Institute

Dr. Eng.

ARBZEPHMIKRREREEICH 22K AT HADDLEEIWIEN S 4, EREESE#EIMO)ICHNT
HATIRERGIOBIEPEERERICER S W T E 72 IMOICH (B84 X/H1E, MARPOLEKMMIBEVIZ & &
ICEBINTHY, TORFNBREBHT 5, £/, Th S ORFRFREMICOVWTIE, RE, REOLEMIC
DWTHHENTWE T Iy ITA—KR U DVWTIThhAERED E BN T 5. B GARBOERED /=812
i, B & FHE O 72 & OEHEIFET CEHRIFIRDWEINEE TH 5,

Owing to the rapid growth of global movement against air pollution and global warming, many measures have been
increasingly required in recent years to reduce air pollutant and greenhouse gas emission from ships. Emissions of air
pollutants from international shipping are regulated by MARPOL Annex VI, i.e. an international convention under the
purview of International Maritime Organization (IMO), which sets some limits of air pollutants contained in exhaust gas
from marine diesel engines and requires to improve ship energy efficiency by both technical and operational measures. In
this article, the trend of relevant regulations is outlined, taking as an example the discussion on potential control measures
against emission of Black Carbon, which has been considered by IMO based on existing Black Carbon abatement
technologies, referring to the importance of appropriate measurement technologies and procedures for an effective
implementation of environmental regulations.

X —7— K IMO, #EH X#4l, NOx, SOx, GHGEkEE, 75 v 7 H—FK>
(U &I M558, FREECLo TRENLEDLL 2 EDE

LBWHEIZH Do D2, REREEHE S &0 721
DOBEDOEH I EHO BMEOH G, EENX—-ATERD H B OFEREIZ OV T, EEOE MR T H 2 E

E20164FHE T Tl AR D99.6% % o TH Y, HEiElx %Y (International Maritime Organization, IMO) 123
DYREDOBG AT R kTR TH b, 72, EFEE WTHE ENTWD, 209 b, fiffilid b O RKIH I E
(X201 24F B 21 CHE R O Z R AL e 3 (COL) HEH R D#92.2% % WZOWTIE, [1973FEDAIZ X 2 ED 5 1D 7290 O [F

HOEHESINTEY, Wimaethe LTRSS, &b B SAICBE 5 5 19784E D E® | (MARPOLSAY) o o
IANF RO IETE L 2o Twa M, Lz W8 VI (19974E9 H B4R, 2005485 A 36wh) 12360 &, RS
A6, WA A 5D i R LA 5 Z LR B2 DT b I T 2 B IR BV & D28 H ik
RAIENTVEZ LR ENDS, {ﬁ@’\iﬁ? BT BEE AN LW (NOx), Wb (SOx), R RYWE (PM) 7 & OFE
I T VT 72 B ML ADIE L T v HABB DI, & v h—SE0EWh S5k HIE5REA
B (VOCs) DHIR, 5 kiR K & LT &
LRGN S BB 722 & D L sk B R T 7% & O Na 4 B E O, MHBEREO mES 12T
PRI & K& BB DI, EEEZBA CREIT 720, 1 DHMZ & BB ATV D IMOTIHEF0Y 70 B o 25k
HOMAT D ARKE, AREE (IR D B8 05 2 DALHA O 1B A4 DE T 0 RHEM OS2 & 2T, BEERILI T TEY
HOEEE —FT 25 LI3WS 2\, FiElz & EEED DWIE & FICHE, ElLTWLKILTH L, KT}
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Figure 1 Exhaust gas regulations by IMO

IMOIZ BT AHEA ABB OB OWT, #AhThELED

W2, IR B B HES A B e, FHANCEI 3 4 REE E 3R
fit3 %,
Figure 112, BIEEIMOIZ B W THEME - MET SN TV B HET

ABBN ORI " T DTz,

2008410 H 12 BflE S N 7-IMO D 58 ml i iR R & B
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HHAERILD D 5T & 72, 201944 H R 5 ClE, Figure 2
RS I (i, v Mg, ORIE - 502000 LA,
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Figure 2 Emission Control Area(ECA) as of May 2019
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Bo 2D, IR E % BMANIAERC K E S1TRIMRR <
AT S 2 W3 > AT W] RE 2 REL O T ¥ 43 I FE S &
%o 723, MARPOLGIC X AECA & 3B, s &
L CHlE OB 53 % i L T\ 2 d 4 (Bl 21E,
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VIEHNTRO LN TV L RAEHETH L. ZTiion
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ENTW5, EEDUZDWTIE, BIFEIMOIZ B> CPhase 3
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1T, AR e ZE L o)y — b O#EIE, @)% X >
TP ADOERS) AL L L) Z[FE], [FEkEl [£=%
)y 7] TEHCHHE - e w40 D AT v THBLT
MEBLAYICE T3 5 2 & C, A EMEHO B CSGE T X5
EIWC B oTn B, F72, 2019420 B I PRBHE B a1
#lFE (Data Collection System, DCS) 2 pA%G &, FERE
DIEDFEHIL SN T 5,

Iz, 20184E4 1247 H N /2MEPC72 I3 % 7 5 GHGHI
TS AR E Nz O, S F TOEMT LT
AV F =R HAE 20 T <, #EEROGHGHE &
(#8=) % 20504F F TIZ50% W3 % (20084F % X — A) &
&b, AR TTTREZR IR ) BRI Y a R o% )1 % Hig
TV P BT E o T0h, 20720, HIK
Az owTh, ], h ], R CoOMSLEL LD,
LNG% & & WK R BRIREANORATR, /N A H R &
=Ry Za— T IVEaHRE, KEPLT V2T 2 EDH
RFEEOFIH 22 SN2 THAMFAE S EH L &> Tw
bo TNHDORBIBELOFHTIL, 74 7% 4 7 VEHTAS
BETHY, BENFICHETED AV -OFAPE TN
%o F72, HETIHCODADNKRE 7o TWI27S, ZO1i
DGHGIZOWTH (Bl z21E, FAZ VI VDAY VA v
ThE), GEFMHRICRELDEEZ BNE, IMOTIE
Fr727GHGA % 74 D SN T 5,

77 v 7 h—%> (BC) R DIRET

HIEIMOTIE, deiEiicn 75 v 7 51— K (BC)HEH
WZxf L CHBIDSLEED &) PREF S Tw b, ZhE, K
S DOBCHMIRDZIK EIZVE S B &, HFEH O PUF DMK
TLTKRBEEEIINT 2720, % L RS % e L CHbER
AL ZIE T 2L E 20N TWDE70TH b,

201043 A2 AT L 7ZIMODOMEPC60IZEBWT, /v
Y r—, A x—7r, KEDS[HUBEIZ BT 2 M0 5
DT Ty 7 H =R PEHENE IO W TRERE S 1,
20114E7H OMEPC6212 B W CHME G EE SNz Y4
FEDIX SR AWK - FAAEWE (Bulk Liquids and Gasses,
BLG)/NERB%, BIAEDHYEP I - Xt (Pollution
Prevention and Response, PPR)/NRESI/EEN T S
N, OBCOEFRAIRET 5, @b @Y 2 5HE A FEE T
%, @Y % BCHEIFIEOMELITH, O3EBIZDOWT
RAEDIEE o720 NEHAKTIE, 2019F2H OPPR6T TR
TOHRLFHIIOVWTORHEEZRZ, 201945 D
MEPC74I2#i5 25 & 7z, PPRTOREMG ROME % Tic
CFE LD 5,

EEHEICH T HBCOES
BCOEFDIEFHIZDOWTIL, MEPC68(20154E5H) 125\
T, TROLIICEREE L. ZTDEHKIE, Bondb DE
#92HLIILZHbDTH S,

BCIERFERE ZIRBE L 72 L DO EDOH TOAHE S
NBRERWET, VO XS Wi E 2o,
(1) FEHF 1o < W2 I L, 945550 nmiZB 1)
B BRI A m*/ghl b
Q)BBICIERICLET, BImTL b L OBEE R
D, FALIRLE 124000 KIZ 7T
(3K B L OEMEBBEICAE, Kahofiox 7o
VIV b AN
(DIINERIRD TR T OEEMERE LT,

FilosE#R, $abb, BCE LT, BaoiRikrEE
y—ry bELT, AT REZLERL T,

Y] & BCEHALE
—ODFHIHTECRET A2 LIETEY, 74 V8 AE—
27 4 v 73— (Filter Smoke Number, FSN) %, %%
(Photoacoustic Spectroscopy, PAS) %, L ——Fit
#4 (Laser-Induced Incandescence, LII) D32 DFiEHs
FHENE L LT o720 72, KEP IS OFHIEE % H
W, BCRHIEE R % WET 57200 b MER s hl,

BCHH A EDREE
BCHHI A #EOTAEIZ OV T, 1B{E5R4 (Correspondence
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Group, COIZBWVWTERBIOEREAEH L, FRELT
Table 112 2 HljEx koM & L CiE s sze U A b
Pobrb LI, L OMKIEBCHET TR, ok
ABLHIRS KA & R CBEEL TV D b DR E v, RIS
PPRTC O ClL, REIN L =BCHIBIE L EZ 2z 6N TH
D, GHGH RIS Z o T b Ty TTHA &,
TEATAY TR ORI 70 BB R 12 & 5 e b e L
TVANT v 7E3NTW5D, NOx, SOxHHNIZOWTIE,
BT TIZBASINTE D, 485 2o oHfl % mift s
fEE LT, MR ZGHGERM S R L oo+ 4 2 &I
HhEEZLND,

Table 1 List of black carbon reduction to be reported to MEPC

1 Fuel type

*.1 Liquefied natural gas (LNG)
*.2 Distillate fuel
*.3 Biodiesel.
* .4 Methanol (Includes dimethyl ether)
.5 Nuclear
.6 Hydrogen
.7 Ammonia
.8 Other renewable fuels

2 Fuel treatment

% .1 Water-in-fuel emulsions (WiFE)
.2 Colloidal catalysts

3 Exhaust gas treatment

*.1 Diesel particulate filters (DPF)
* .2 Exhaust gas cleaning systems (scrubbers)
.3 Exhaust gas recirculation (EGR)
.4 Electrostatic precipitators (ESP)
*.5 Selective catalytic reduction (SCR)
.6 Diesel oxidation catalysts (DOCs)
*.7 EGR with scrubbers
.8 SCR with DPF
.9 SCR with scrubbers.

4 Engine and propulsion system design

.1 Engine stroke type
*.2 Slide valves
.3 Engine rating
*.4 Engine control technology
.5 Full battery electric
*.6 Hybrid/energy storage
Hydrogen fuel cells

5 Ship design

*.1 Improve energy efficiency of new ships
*.2 Improve energy efficiency of existing ships

6 Operational measures

*.1 Slow steaming.

*.2 Engine load

*.3 Voyage optimization

*.4 Training and crew awareness

*.5 Trim optimization

*.6 Adaptive engine/condition based maintenance

7 Regulatory measures

.1 Expand or establish additional ECAs
*.2 Prohibit the use of residual fuel
* .3 Establish a BC emission standard for ships.
*.4 Include BC in GHG reduction strategies
*.5 0.5% global fuel sulphur cap

.6 Engine tier.

8 Other measures

*.1 Promote ship recycling
*.2 Promote shore power.

* I SELIAICEMATREAMKICDOWT, CGTT7 o7 — M &1To 18R, yesD
BZEH & > 73R
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Table 11278 L7k 5 & 5EAli§ % 12 d 72 o T, CGTIHI
IR (Effectiveness) 7207 Tld 7z &, FrEm - BEEARD &
& 72 AR~ 0 58 T BT (Feasibility), fifif-~o # il fg
L7 BEE G Ered 724 (B B VI B & L C) o F T RE
% (Availability), 2241 (Safety) D4> DI Z F W T
REMEITH & & B IZHF DA FE R fE 2 Hiffr o 2w
b7 v —MaefTofz(Fh*), #iRE LT CGLA— b
T, FFEOHNRFEM ISR Y AL L2879, ML LT
ZEF O NTZHEE 2 §_RTHE L T\ b, 2 H OFFHb,
MR ORE S, BEMRZ EICL > THEDLL I L
HY, WIREUPLEL R DAL H DO T, B2 ER
Feafr 42 g 5 & & 13 L v CO2 & NOx, PM, BCIE,
—EIZIE P L= R 7RRIZH B L bl TWA 72D,
kA 2 B~ DR (BCIAHE T HETH 5 5, NOxH
IR MBETEAL 2 &), FFMR L, <4 F AHOEEIZON
THLEBETLUEND D, 72, DPF% EEHENIZBCH HI
WS A D B, BRELEIC K o TERE L TBCHIM
ICEBNT 5 L& 2 5N D EM, BEOEMEZHAGbE S
CETHRMEEN LD D, 20720, FFMIEEDER B
IR TH Do

FHEH AHH O TR LBl &2 A5 &, —DDHl
WHEADEIDOBEAT AHFNFIE LT B & &bz, —Eb
ML= FF 7BIRIC % o T B o RS EIR O HERE S
#/R3 Bl & LT, International Council on Clean
Transportation (ICCT, EFEZ V) — Sl H ) B EM
T5TIv 7 h—KRNETAET—2 3y T TOBCH
WHEMCET 2#mo—mzNs s T—2svay s
OHEEE, PPRICDI-RM S N7z B A, ICCTIE 7 +
W7 AT = ONOXHIAIEEREDO E o L %2 o
7R FIBREINIATH %,

AT —27vay TE20144E 1 SRS THB Y, PPRTIX
T iR T AR T S, IMOIZRBR Y1 7 —
¥ gt LT 2 B O TR i S BARSE S, BRI EIA
REDAT =7 HRNVE =L T, PPROFEHIZIKTL > T
EamrEOL I HE LTSN TV S, FEFEITD
N7 T — 27 ¥ a v 7T, BIZHAL7ZCGLAR— b
Table 2 Evaluation items to specify BC reduction measures'""”
Effectiveness | Z DREIBH:MT 1 6 > —fighY & BCHIE xR

EGREEANOATFEPERA, $-EREMICBEORE
E5Z7C, EMPREMICERTZ 22 E S h.

Availability | BEAFEBOT, DEDL 5 VOBMICERTREL
V1Zz5n5h, 58 (~2023) - i (~2030) & MR,

¥ - & > o | N (TS

Co-emitted | BIIRXIEZI1T>HBEIC, EHICMPOSHHEI N BIR

Feasibility

pollutants | 55449 E (K&, &, BEROREEVEED).
Others ZOMDBEEIEH, BRI NZER,




Table 3 Evaluation result of BC reduction measures with six items
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[B1IMODGHGHEH 2 HllisEkEE GREMEPC.304 (72) IC&H € T, HAIE2023F £ T, FHA1E2023F~20304F)

b eI, X0 FERABO D S HIEM (BOR 2 b 013
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Table 2087 947 ) T2 b L2 L TWb, 7T v 7
H—=RYCGLR— M THEIFTOLNTVL4IDBEHF KD H
5, 18DHIEBAMNI DO WTHEF T A &l o7z, Bladk
2, KEFY YT ELTOT Y EZTIZOWTIL, 20K
EWICBRSOFEND ) RAL L o7z,

Table 3121, 18D b, izt > Vv, HEN A RALELEL AT
IR T 2140 FM A HEB L TRLAZ (A2 F3fF &
EGR, W ufife, JAEAL, B LEAMIEE ) A b5 B
FRL72)o ST TIHEETNRE 20O, a2 BCHIBER A

& Ao E T REEZ SN T, Fofb
DN ARG OHMR, TY Y v ~DOFE fa L OME
HRENHY, EOFHMBEE 2 ERT S0 L v #BIRIIIER
WCHEL W TH S, Bl 21X, DPF (Diesel Particulate
Filter) 1, —#BORBEFMAE L EDFEFHICHFETHL I L %
FEIRL 72985, o A Y N—IZDPFIZL A BEENRTZ YV VD
PR I RERBELYRIITIL2HBE L T\ h,
T 72, DPFRBO7-DICH5 B2 HEET A RN
D (ERT 7 yR7A4NE MR L), BREHEE R 2
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Figure 4 Configuration of open loop exhaust gas scrubber
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Table 5 Continuous monitoring items and their regulation values for
gas scrubber effluent
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Onboard Water Quality Monitoring System EG-100 for Ships

RIBFGIEFE 4B LS E->TETHY, DIEIXMOHEHIIBHFNTIEA
Wo 7272 UMBEFBEDERHD /-8, BEIE LB L TR (HRFIP»ERTL
7= IMO (International Maritime Organization) #*, ¥ 0O —/VJLZ&NOX,
SOXIFIDHEIT & RTE SOxFHI & LU T, 2020FLIEIL, FiFEHEHED
BEEHAFDO5%UTETIRENREERT 52 & ERE L 72, B
ERRE 2 FERTCEICLIHDTEIENTEBY, MEFEHI L
TWABRE(EMERI EEHTA3RREAXE2RETIEE(X VS
N)EREHT D ESVEEDRISHPIRETH D, CDX T ZINDHEK
HHABHRTHY), WIEEMAICHEI LD, CONBEKOKEZE= X
D>7923%BEAEL, REeMB LA BRREDEREE DX IAWEEIC
DVWTHEBNT 3,

=@ fo—EB

Kiichiro TOMIOKA

PE X

Yuta HASHIMA

Environmental regulations are getting stricter every year, and the exhaust gas
emission from ships is no exception, although until recently maritime regulations
have lagged behind those for automobiles due to their multi-jurisdictional
“borderless” nature. Meanwhile the IMO (International Maritime Organization)
has decided to enforce NOx and SOx regulations globally, including
environmental measures in which the sulfur content of fuel oil shall be limited to
0.5% or less starting in the year 2020 as part of the SOx regulations. Although
compliance to this regulation is possible using a low-sulfur fuel, an alternative
method for compliance while continuing to use current high-sulfur fuel is to install
a scrubber device on the ship that cleans the exhaust gas. The washwater from
the scrubber is also subject to this regulation as it is discharged outside the ship
into the open sea after being processed. We developed a device to monitor the
water quality of this process and have begun selling it. This article introduces the
product features as well as our business model.

NOx#R#l, SOx#HI, X7 F/\, KEE=Z4YU> Y, pH,
PAH, BE

Key words
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Figure 2 Open loop scrubber system
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Figure 3 Closed loop scrubber system
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Table 2 Requirements for parameters by guideline

Figure 4 Scrubber appearance
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Figure 5 Installation on board
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Table 3 Interfering factors to measurement
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Figure 6 pH sensor
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Figure 7 Turbidity sensor
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Figure 8 PAH probe
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Table 5 The functions of icons
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Table 6 Specifications of EG-100
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LEY, EREH 0.1 MPa~0.7 MPa 3 L/minft#&mAe% C &
: Y2 FIEH | 0~0.1 MPa 3 L/minfHamTREL &
“\\ frep (BT E-FEEERRL DA FRIESRAE EREH 0.1 MPa~0.7 MPa 3 L/minfawTae%s = &
4> 7IKAD | JIS10K25A
AE EENEIE A BIA L £, EERE Y TIVKEA | JISBK25A
s BK JIS5K15A
WE | st U pom pHfH#E 1~11 pH GREEHMEA %)
a |HEBBLET. S PAHfHAE 0~50 pg/L, 0~500 pg/L, 0~5000 pg/L
BELRE 0~500 FNU
o T | BHRREBICRUTLET, BEME 0C~100°C (# > 7 ILKiRE0~40C)
¥1 FrExy MOBEKPEIGS AL BET BRI, #P/N1 TOKEERET 5 - HENE RS

LTHBLLEDN &5,
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NSl feAaBEH 2@ EAKEE=4 EG-100

Figure 10 Internal structure
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AR (201941 H°3H) » 57— % %Figure 11, 12, 1312787,

pHEHI—EMICE LN TV A HEKDOpHZE FIR L, ZEL
THETE T2 (Figure 11) %%, Wi O EFIZET O
BALDTRRO SN D WEFNIE R, BEHOmKOHERE
ELIFICX B3R EAPA LN, MOENEE— FOZE L%
# 2 T 5 (Figure 12) PAH+® Y H1&1Z135 ppb THE L
2Bl %k LT\ 5 (Figure 13), EHAMICIHEN R L
DIEEHILEFER L T 505, RGBT L 0 &5
L7zlllsE %2 EHTE T b,

EHUIC

WAHE T ZABALHKE €= % EG-1001, %58 L72llED
WRHEZ T > TIVEAFIZ B W T, BEfEo i b (Bt vk
BeRs) #3510, BEEEdomE(a Y ha— sk Vil
B2 3%, pHt v oW O @7 v, PAHY » 4
DENAH T AN L BRIEY A7 4 (%) 2 &) Bk L
EMZE#sEx Big L-®ATH 5, TNO ORI,
7 TNORERER, MOBHEFICEMT S LE2TW
%o

Sthl, FRERIITF YL IUTHE LS MBI
IS % B 5 & & T Y ¥ 4 212813 HORIBA
75 v NMifEO ) FIZ8 S 720,
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pH trend between Kurihama and Kanaya Port
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Figure 11 Trend chart on pH

PAH trend between Kurihama and Kanaya Port
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Figure 12 Trend chart on PAH

Turbidity trend between Kurihama and Kanaya Port
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Figure 13 Trend chart on turbidity
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Simple and Quick Quality Confirmation Method of Aqueous Urea Solution for Marine SCR System
Evaluation of Alkalinity of Aqueous Urea Solution with LAQUAtwin pH Meter

M7« —EIWLI DU oBH I N ZEREBIEYM (NOX) 2f5ET 3
Selective Catalytic Reduction (SCR) > X7 AL TCExtHI& L THWS
40%BERFEKIE, IERICL2PMETEICLY KD AEZT7ILHY) ETRE
BT 32 ENPEFIERISO-18611TED SN T W3, L LED S,
FFAETE L FECERS DB L, ML TIEEEREEETOICIEER
DOHFERHEM &> 7= 7 IV —EEGPIOBRIEHETH 5. AR T,
3287 FKEETLAQUAtwIn pHX — 2 # AW TRFKDLILIREE £ 1
RICADESICFHETZ 2FEEBNT 2.

= ¥ N A

Keiko KUWAMOTO

The quality requirements of aqueous urea solution at 40% concentration for
Marine Selective Catalytic Reduction (SCR) system is defined by International
Standard (1ISO-18611). One of them is the alkalinity which determined by
potentiometric titration of free ammonia in the urea solution with hydrochloric
acid solution. However, the titration is time-consuming work, and there are no
crew being familiar with the chemical experiment, and no operation place in the
ship. This paper shows compact water quality meter LAQUAtwin pH can be used
for the simple and quick evaluation of aqueous urea solution quality.

EU®HIC

20164E1 A DIBRIZR T 3N 5130 kww B2 571 —¥ LT
VYV ERBERT A AMINOR L CEBEFEERE IMO) 12X 5
EEIWRHE LB AN B S, $87E O BV TR LTKHLE]
2R L CNOxHEH 2 80% Il 32 Z L ASRDH SN TV S,
SR L DNOHEHHIE Y AF A OFFEIIEZ TETW
5o

NOxHEHEIR S A T & O—2 |2 EIR il 5 7575 (Selective
Catalytic Reduction : SCR)H® %,

SCR¥Y A7 A TIE, RFEADPNOxETHI & L CTHWwHN,
SCRAITHIRGRENTT Y E=TIZELT b,

CO(NH2)2+Ho0 — CO2+2NHg reoereeereeeenen (1)

ZOT YEZTIINOxZEEIC LIREAICIE, 83 & KIS
il SICTHREBANFEH S 1L 56

4ANO+4NHs+ 02— 4Nz+6HoO «ooerereereeeees )
6NO;+8NH; = TN+ 12HoO  ceovveeenenes 3)

C ORISR L T2 0121E, NOxETTHI & L TIRE
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BSNBYE, MK RSO T2 A EHERRASHE L
ZEPTREINS,

FDDINTIREKRD T IV ) ERTERT 52 LB
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A7 R IHITS A &) B Z RS A M 2 i
BT

RFBEARDTIVAY ERIE

BE
ISO18611-2 Appendix DIZ3T & DT O$E % 47 - 722,
40% R R K] mL (FbE111 g¢/mL™) 280 &9, 150
mLD ¥ — 7 — 12 AN72#4K100 mLIZHN 2 720 #IEFOpH
T X —% % fEHL0.01 mol/LOIEEE% W TpH4.5%
e LTHELRIT- 720

W7y ETIEEVEHL ITKINT A 2L
(Equation 4) X U'pH45% f&m L L 7-BFICTHE: & LA IR
{A#%E 7> b Equation 5, Equation 612> T 7V ) K
D72,

NH3 in ures soln. + HCl] — NH4C1 ........................ (4)

The ammonia mass (g)

Alkalinity (%) = x 100
The test potion mass of
urea solution (g)
.................................................................. (5)
Alkalinity (%) = (0.017V)/mas =ooeeemeeereemeeesees (6)

V' The volume of the hydrochloric acid solution
(0.01 mol/L)used for the titration(ml)

ms - The mass of the test portion of urea solution(g)

RFKRHIEEZHIEE

I
PAEEREICBWT, 40%KFEK]1 mL (111 @) BT VH )
10
L @
9
NN
7 X%%
s
6
5 \\
4
3
0 0.5 1 15 2 2.5

Vacid (mL)

J£0.5% % k9 DL, i 10.01 mol/L¥ERE %30 mLIg#E L
7285 CTdh %o Figure 1IR3 HhRIEZ IO E T IV
LB &, T E0S% KM DHILHHE A TV W IRFEK

e, WEERANINE30 mLITH N Z B2 HEHETH L7
OpHIF45KG & 7R T *77 TNA) FE0S% EIHB A LS
fLIRFIR DY & TR RIZE L 272 OpHIF45 D E &R
T o £ T40%RFEAK]T mLIZ0.01 mol/LOHEEE30 mL % N
ZTRAEWOpHE MET 72T TIREZEKDHILD F %
HANT LI ENTE D,

RFEKLGILRERF Y b
COMBHEFDOFEIEZ I THHTEL L )IZT 57
O, HRIE Y b ERERL.

T3, T LHBOMBEOET MG L, Htod 5
WML, IREERIC R A Z & FREINLMNIIBNT,
EEDEALT B REED B 5o & 2 T UiREE T
T R & A & L7 iR A H WD 2 L AT E UL, Fl
BICLDBETOBREL 2, F22OMETH L7290
M L CHRIEL Pl TA 2 LN TE %,

10.0
\ Degraded (Alkalinity > 0.5%)
20 | =
"XY _N_ > Fresh (Alkalinity < 0.5%)
6.0 i
T
S
5.0
The end point 45 \ \
of the titration 44 \

2.0

Alkalinity = 0.5%
0 10 20 30 40 50 60 70 80

Threshold Volume
Addition volume HCI (mL)

Figure 1 Model for the titration curve of 40% urea solution with 0.01
mol/L HCI

10

(b)

pH
w SN o » ~ oo ©

0 5 10 15 20 25 30 35
Vacid (mL)

Figure 2 Comparison of neutralizing efficacy of HCl and H2S04 in agueous urea solution.
(a)Neutralizing titration in fresh urea solution; (b) Neutralizing titration in degraded urea solution.

0.01 mol/L hydrochloric acid(O); 0.005 mol/L sulfuric acid(4)

The degraded urea solution was which the fresh urea solution was stored under 60°C for 2 weeks.
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LAQUAtwin pH
meter

Measuring
syringe

Test reagent
0.01 mol/L(0.02N) H,SO, 15 mL

(a) Contents

Figure 3 Aqueous urea solution test kit

FALHITER D IRFEANZ DO THEEE & Al % H 7z FPAnE e A
H%&Figure 212783 o BERIZ2MMDOEE TH 5 72 OWnBRIE & 1%
1/2& L7zs FRIBEOFEEBIIHEOMEIC L 5 THETH
HZEDBFy MEIZIIHEEEZ BRI L 72

F v MERIZ, 0.01 mol/L (0.02N) iF%15 mL % 1[[l45-4512
INFF LRV, BFEHOL mLAT Y v, 387 b
KEFILAQUAtwin pHA—=% & L, ¥x ) ¥ 7 r—2N
12X 72 (Figure 3a) LAQUAtwin pH X — % 1%, #iiEh
ERRES R Lo TBY, BEHOHFTHHLEN
HREES, T = b ARELGED 2D, B TERI
THHEOF Y FORRIE L T 5, BIEHEIZRF
7 540%RFKE V) VTl mLEFILL, BERASA - 72

Syringe

S
ii ome B

. \A
Urea  Acid e —

Mixture pH measurement
Result Judgement
Under pH45 | Good Alll(il(i)r;i1t36<1 02y
pH4.5 or above Poor A||:2|%-i132162%

(b) Simple and quick operation

R UAEEAN, F22HOTRAET 5. WIZEDRAR
FRIEFOLAQUAtwin pH A — & ORI AdtpH %
52 L, pHOR RS S IRFKDH % H 5T % (Figure 3b) o
P B> &5 (K 7 R F 2 LB & B Tt L2 IR FK
FALDFEWDHEZ W REIZT o

TR EEE

RFERFACH SR EEZ LI L2mES Y N OFREEE
AT D DI EESHAEISOD IR & 3 2 h I EEIC L 5
TNH ) EEOMBEE R L. 60T 12 TEERFIZSH L%
IR S 7:40% R FEKL mLE R E L, PREEE TR
7TV ) B EIRFERGALREAF v M K B pHIE D

0.8
e |
0.7
3 06 =
: °
£ 05 ht
E 0.46 Oe [ )
::n 0.4 o In operation by
il ISO method
9 0.3 @
8 02 |-o | !
-
0.1 @ @)
o
< P
0.0 ;
20 3.0 40 45 50 6.0 7.0 g.0 In operation by

test kit method

pH value by the test kit

Figure 4 Correlation between ISO method and test kit method

The two symbols (@)and(O)show their individual series of the first and second time examinations.

The alkalinity 0.46% is regarded as 0.5% by rounding a number™.

The “X"represents the disagreement between the data of two methods.

30 | Reaclout No.52 June 2019



HORIBA Technical Reports

BE7ay M L72b O%Figure 41273, 20 7oy b
(O, @)%, WHEZMHERT 572012, JlokHIZ g T
AEMER D ST o T2k R TH L. ST TET VA ) ERM
FER OB 2 Z 58 LT 7V ) FE0.46% 752 50.5% &
L, 74 EE046%, ¥ v bpHASZ ZNZNEIMHEE L7,
NS OBMEFRE OIS BV TL, BEKRIIHILL T
kW) HEE 2 ), WFREIIHESIN TV, 72
BRI DL 025 LR SE SEIS 2 D T S FHEVEDYE S 7z

&AM, Figure 412RT 70y b IXIEF v b CldpH45
ZHZHIZOMEDELT, ISOIC L B 7V FEIZ0.46% %
TRIZEERE 2D, BACHEICAR DA Uz ThUdh
AE e IR FAKIEFT 2T VBT HADKRE A
B L, AT v E=ZTEIMET L2207 V)
DIETAEL72EZZ O, FICHEMETIEEEICZO
R=HAENR T VWEFEEND, ISOICBVWTHT VE
ST HADPYIT B72OFRCEBET L P HERINT
WP DD ENS T VEST N ADIEE R KT &
BIRFEIRBAA X v P OF L) RFEKDIREEIZE - 72
B ESIRETE 5,

EHUIC

FATE EE 2 G LR A B R RO S L% K4 5 T
FErfifn Uiz, £72, ZCORMEHHEELZTCICEEL
o MCXBHERKREIL, ISOOHAHEFRIZL BT IV
VELHBED DY, REKOBICOFEEEE A ) —= 7
TLFEELTHEMTH 5,

* RNF IR OIS 2 VIR (ARERATER A TOHA
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[1]

[2]

[31]

[4]

ISO 18611-1:2014, Ships and marine technology - Marine NOx
reduction agent AUS 40 - Part 1: Quality requirements

ISO 18611-2:2014, Ships and marine technology -Marine NOx
reduction agent AUS 40 - Part 2: Test methods

ISO 18611-3:2014, Ships and marine technology -Marine NOx
reduction agent AUS 40 - Part 3: Handling, transportation
and storage

JIS 78401:1999 #fii > AL Ji

X ET

Keiko KUWAMOTO

WS Y 7 KNy 2 KT )
BHIEAHER BB 3¢ 1 57

New Product Development Department 1

Research & Development Division
\ HORIBA Advanced Techno, Co., Ltd.
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Sulfur Concentration Analysis of Marine Fuel Oil with SLFA Series

FI AR

Tomoki AOYAMA

EU®HIC

TIEZEE)ICRI T 2 EFSEARMEERIIC L > T2015F IS/ SXUIBENFIE &
h, MIAERICHVTH2020F H 518 3 MAABEI P O EREAR T H
BIkIn 3, WiRkE L CEEEMAmITEREZEERE 2 IRAT 32158214,
BEBED S REIEBRAMEIEANT B ICEMBERERE Y > &M 4
EMEREREADYIVEAZEET S0, HEBRATDOMERED
EEAMIEVETH S, RHESH ONELATEFEE L TEEXESF
&), RETIEHEIEXGEME S TEESLFA-OMDEBME, 1HEE, X
CTFF R DWTRBRNT B,

Following The Paris Agreement (2015) by United Nations Framework Convention
on Climate Change, new regulation of sulfur concentration of marine fuel oil will
be applied from 2020, and existing vessels will have to change their fuel oil from
normal type to expensive low sulfur type before entering the regulated marine
area properly. The continuous monitoring of sulfur concentration of inlet fuel oil
will be also indispensable, where X-ray fluorescence method is most simple and
accurate for this application, so our SLFA-60M sulfur-in-oil analyzer is introduced
in this article.

GG G B B Vi (EC A MiEIs) & o i dul TR}
DY) B R LEE 70 B o FFIZ W I 5 EC AR
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B & AL19974F IZ U AR Y, 2015481273 o Al o &
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X-ray detector Q %
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Figure 1 System out line

Figure 2 Outside appearance of instrument
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Figure 3 Measurement spectrum
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Figure 4 Calibration curve
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Table 1 Result of repeatability test

Measurement number Measurement value

1 0.1946

2 0.1949

3 0.1948

4 0.1950

5 0.1951

6 0.1956

7 0.1954

8 0.1950

9 0.1956

10 0.1951
Average 0.1951
Standard deviation 0.0003

FRHET %0 0.2%FFHIAT L C0.0003% OIEHE(R 2= CTHlE
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NOx Analyzer for Ships MEXA-820NOx
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NOx exhaust regulation has been step-by-step applied to maritime engines by -
IMO (The International Maritime Organization) with MARPOL (The International
Convention for the Prevention of Pollution from Ships), and the SCR (Selective
Catalytic Reduction) system is implemented to meet the tier 3 regulation from
2016. This report introduces HORIBA’s solution: NOx analyzer for ships MEXA-
820NOx which is developed for SCR feedback control and on-board NOx
reduction efficiency monitoring with its principle, configuration, specification and
evaluation results.
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Figure 1 IMO regulation of NOx in vessels exhaust
(Refer to International Maritime Organization (IMO) Home
Page:
http//www.imo.org/en/OQurWork/Environment/
PollutionPrevention/AirPollution/Pages/Nitrogen-oxides-
(NOX)-%E2%80%93-Regulation-13.aspx)
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Figure 2 Structure and principle of SCR
(Reprinted from National Maritime Institute (NMRI) Home Page:

https://www.nmri.go.jp/oldpages/institutes/environment_power_system/power_
system_rd/nox.html)
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Figure 3 System configuration diagram of MEXA-820NOx
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Figure 4 System appearance of MEXA-820NOx
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Figure 7 Sensor configuration of MEXA-820NOx
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Figure 9 Atmosphere and measurement timing of temperature and
humidity test
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Figure 10 Frequency scanning vibration test of MEXA-820NOx
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Figure 12 Correlation test with CLD method
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Figure 14 Durability evaluation on actual vessel
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Engine Dynamometers for Marine Applications
MMAI 14T EXA—4

HORIBA Automotive Test Systems (ATS) - as the name indicates - is mainly
known as product and system provider for the automotive industry. Nevertheless,
HORIBA Mechatronics due to its history, also has a strong footprint in the non-

— - :0
f—RAF>2 RKyrva
Torsten BODSCH
automotive sector by providing engine dynamometers for marine, aerospace and

railway applications. This article gives an overview on different solutions for
marine engine testing that were realized by HORIBA during the last 15 years in
cooperation with customers all over the world.

HORIBAD B EEEHAIS X 7 LEBFI(ATS : Automotive Test Systems)idH
BYEEEM T ORMP Y X T LEREL TWS, AT, XA NOZ I XHEET
¥, BBVELIIOMAE, M2, SERFICHI LI E1FEXA—2EiRHL,
ZLDEBEERL TV D, AT, HEHFEEDH I THORBAYRIEL /-, #A
AT Y URBRICAWEIL VL EA4FEA—ZDOREDEH N DH

BT %o

Introduction

Marine transport plays a significant role in the global
economy because sea freight is the most cost-effective
way for goods and raw materials around the world." In
2017 the world seaborn trade reached a total volume of
10.7 billion tons.”) More than 90% of the world’s trade is
carried by sea" and further growth of 3.8% per annum is
expected until 2023.2

This strong demand for transport vessels of all sizes is
also reflected in the increasing demand for test systems
for all type of ships. The International Maritime
Organization (IMO) adopted in April 2018 an initial strat-
egy to reduce the total annual greenhouse gas emissions
from ships by at least 50% until 2050. It can be assumed
that due to this ambitious target, the development effort
for marine engines will increase as well as the demand for
testing solutions for marine applications.

HORIBA’s History and Experience
in Engine Dynamometers

HORIBA gained a long history and tradition in the field
of engine testing with the acquisition of the German com-
pany SCHENCK DTS (Development Test Systems) in
2005. Since 1960 HORIBA and SCHENCK delivered
consolidated more than 10,000 units of hydraulic
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dynamometers, eddy-current dynamometers, AC"' and
PM? (synchronous machine) dynamometers for engine
and powertrain testing.

The hydraulic and eddy-current dynamometers were for a
long time state-of-the-art technology and widely used as
loading units for engine testing. Due to changed engine
testing requirements, these dynamometers lost their domi-
nate position and were systematically replaced by AC
machines that have become the most important dyna-
mometers during the last decades. In the meanwhile,
HORIBA sold more than 1,400 load units of its well-
respected Dynas3 AC dynamometer. But the “old” - and
well proven - load units never lost their right to exist and
are still commonly used in the marine engine testing
because of some advantages compared with other solu-
tions. In the following chapters, these dynamometer types
are presented with different test bench concepts and
applications.

*1: AC: Alternating Current

*2: PM: Permanent Magnet
Engine Test Stand with AC Dynamometer

We start our journey through different dynamometer con-
cepts for marine engines with a conventional TITAN (brand
name of the HORIBA system) Engine test bench that can
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Figure 1 Block diagram TITAN engine test system

be used for all types of internal combustion engines. The
TITAN Engine is mainly used for automotive engines, but
in principle there is no difference from the system design
between an engine test stand for automotive or marine
applications. In most of the cases, the differentiation is
due to the performance data of the specimen (maximum
speed, torque, power, inertia etc.), the application of the
test bed (stationary, transient or dynamic testing) and the
measuring tasks.

In this example (Figure 1), the TITAN is equipped with a
state-of-the-art AC dynamometer from the Dynas3 series.
One of the reasons why AC machines are todays standard
load units is that they perform in motoring (driving) and
generating (absorbing) operation. While passive dynos -
such as eddy-current and hydraulic dynos -only run in
absorbing mode. In addition, they can be used for
dynamic tests because of their dynamic response behav-
iour that is also not the case with passive dynos.

Figure 1 demonstrates the block diagram of the TITAN
Engine Test System with its six core modules; namely,
loading unit (rose), conditioning units (dark blue), measur-
ing equipment (purple), operation’s place (yellow), auto-
mation system (green) and test field automation (light
blue).

The dynamometer and the SPARC Engine controller are
the main components of the loading unit module (rose).
The shown Dynas3 AC dynamometer is powered by a
VEFD (variable-frequency drive) cabinet and mechanically
connected to the engine (DUT = device under test). The
SPARC Engine controller is responsible for control of
both the dynamometer and the DUT.

The block called Module-Conditioning Units (dark blue)

supplies fuel, oil, coolant, charged air and combustion air
for the engine that are essential to run the DUT. Exact
conditioning of media are needed to minimize non-sys-
temic errors as well as to achieve accurate and reproduc-
ible measurements results.

The entire block called Module-Measuring Equipment
(purple) is strongly influenced by the purpose of the test
and the measuring task. The acquisition of temperature,
pressure, current and voltage are done with standardized
measuring modules. The ambient test cell conditions
(temperature, humidity and pressure), which are impor-
tant for the evaluation of the measurement results, are
measured by a weather station. In addition, there are
many engine-specific measuring systems that are used for
specific measuring tasks (such as fuel flow, air flow, blow-
by, oil consumption, smoke meter etc.).

Outside of the test cell is the block called Module-
Operation’s Place (yellow) where the user spends most of
the time. It includes HMIs (human machine interfaces) of
the SPARC controller as well as the STARS automation
system and the measuring cabinet.

The STARS Engine automation system, shown in the
block Module-Automation System (green) is a flexible
high-performance automation platform with integrated
automation, data acquisition and control functions. For
larger test fields with a higher number of test stands, an
additional block called Module-Test Field Automation (light
blue) is beneficial for central data management.

The test cell of a TITAN Engine with an AC dynamome-
ter Dynas3 HT 350 (350 kW rated power, 1,006 Nm rated
torque and 9,000 rpm maximum speed) can be seen in
Figure 2. The most important parts of the system are
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Figure 2 Test cell with TITAN engine test system (HORIBA test center
Oberursel, Germany)

marked with numbers as follows: operator area (1), test
cell (2), base plate with air damper system (3), AC dyna-
mometer with base frame (4), and DUT mounted on
engine pallet (5).

The TITAN Engine covers the needs of development and
production test. Development tasks can be performance
testing, functional testing, endurance testing, calibration
testing and emission certification. Production tasks are
quality control or end-of-line testing."”’

The Dynas3 standard portfolio reaches from Dynas3 LI
145 (145 kW/308 Nm absorbing) to Dynas3 HD 1000 (1,000
kW/5,001 Nm absorbing). HORIBA provides dynamic test
stand solutions for engines between 20 and close to 1,000
kW.

Test Stand with Hydraulic Dynamometer
for Large Engines

Ship’s power plants and propulsion systems are mainly
constant speed diesel engines with high power and high
torque. For stationary testing of engines above 500 kW,
hydraulic dynamometers are the first choice because of
their high power density and unbeatable price/perfor-
mance ratio.

Main differentiation between hydraulic and AC dyna-
mometers is that hydraulic load units can only perform in
absorbing mode while AC machines are capable for
absorbing plus driving operation. Hydraulic dynamome-
ters work according to the Foettinger fluid coupling prin-
ciple and they use water both as a working fluid and
cooling medium. Turning the rotor causes a water whirl
inside the dyno chamber that generates a braking torque
on the rotor. The mechanical energy is converted into heat
and dissipated by the water.”

Figure 3 shows a ship engine test stand at Weichai Power
(China) with a hydraulic dynamometer on the left and the
DUT on the right side. The hydraulic dynamometer type
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Figure 3 Engine test stand with hydraulic dynamometer and ship engine
(Weichai Power, China)®

DT2-12600-2 has a rated torque of 150,000 Nm, a rated
power of 12,600 kW and a maximum speed of 2,500 rpm.
To give the reader a sense of the size of the test stand
shown in Figure 3, the weight of the hydraulic dynamom-
eter only is approx. 8,500 kg. The load unit uses a load
cell for torque measuring and a pulse generator with
60-teeth wheel for speed measuring.

Diverse standard sizes and two designs (one or two rotors/
directions of rotation) of the DT-series can cover a wide
range of combustion engines. The product range starts
with the DT400-1 that provides absorbing power of 400
kW and a toque of 1,300 Nm. A maximum torque of
180,000 Nm along with 9,800 kW can be reached with the
DT9800-1 which is on top of the standard product
portfolio.

The key advantages of the DT series are the compact
design with a high power density and the excellent price/
performance ratio compared with other dynamometers
types. They can reach a maximum performance level at
extremely low maintenance costs because of the robust
design and the use of high-quality materials. The sturdy
design enables reliable operation even under suboptimal
cooling water conditions. The self-monitoring function
for bearing and cooling water temperature reduces the
risk of unexpected downtime.

The main application field of test benches with hydraulic
dynos are production tests of large internal combustion
engines. But they can also be used for endurance tests as
well as test benches for simple research and development
tasks. All these applications are stationary tests with con-
stant load/speed working points and typical torque
response times of minimum 1 second for changes between
two load points.

Engine Test Stand with Tandem Dynamometer

A tandem dynamometer is a combination of two load
units. In most of the cases an asynchronous machine (active
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Figure 4 Tandem dynamometer
(AC machine and hydraulic dynamometer)

loading unit) and a hydraulic dynamometer (passive load-
ing unit) are combined. This kind of tandem systems are
the right choice for large engines if a hydraulic dynamom-
eter is not suitable because of its passive operation as well
as non-dynamic behavior. Or a high-power electric
machine cannot be installed due to cost reasons or limita-
tions of mains supply. They are preferred in case of brak-
ing power above 800 kW combined with low motoring
power demands.

Figure 4 shows as example the tandem configuration of
the asynchronous load unit Dynas3 HT 350 and the
hydraulic dynamometer DT1200-1. The AC machine (left),
the hydraulic dynamometer (middle) and the intermediate
bearing (right) are mechanically connected with two drive
shafts and mounted on one common base frame. Between
the middle dyno and the intermediate bearing is a torque
measuring flange for highest measuring accuracy close to
the specimen. The interface to the DUT is the flange con-
nection on the right side of the bearing support. The
engine (not illustrated) can be placed on the available
space on the base plate.

The performance data of the tandem system are presented
in Figure 5 and Figure 6. The complete system has a
rated power of 1,550 kW (absorbing) from 3,400 rpm up
to the maximum speed of 5,500 rpm (green line in
Figure 5). The maximum absorbing power is a sum of the
AC dynamometer (350 kW) and the hydraulic dynamom-
eter (1,200 kW). The maximum driving power of 279 kW
at 3,200 rpm is only provided by the AC machine (orange
line).

The peak torque in absorbing operation of 8,505 Nm is
available in a small speed range between 1,000 and 1,400
rpm (blue line in Figure 6). The maximum torque is as
well a sum of the rated torques of the Dynas3 (1,005 Nm)
and the DT dynamometer (7,500 Nm). The maximum
driving torque of 999 Nm is provided at low speeds close
to zero (yellow line).

Tandem dynamometers as shown above are mainly used

Tandem Dynas3 HT350 + DT-1200-1
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i o I
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Figure 5 Power-speed diagram tandem dynamometer

Tandem Dynas3 HT350 + DT-1200-1
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Figure 6 Torque-speed diagram tandem dynamometer

for stationary, for transient, and - with certain limitations
- for dynamic engine testing of heavy-duty diesel engines.
In steady-state working points, the full braking power of
the hydraulic dyno is used and the AC machine runs in
idle mode. In this case, the AC machine acts as an
enhancement that can respond quickly when needed and
provide full power for dynamic reactions.

Tandems cover a wide range of specimens with high
power and torque demands. Due to their flexibility they
are perfect for quality control and development test
stands. They have the best price-performance ratio for
absorbing power above 800 kW when low motoring power
is needed (20% is in most of the cases enough). It is possi-
ble to combine all types of the proven HORIBA dynos.
The maximum available tandem configuration from the
HORIBA standard portfolio are the DT2100 (2,100 kW
and 15,000 Nm) and HD1000 (1,025 kW and 5,000 Nm)
for a total of 3,125 kW and 20,000 Nm.

NVH™® Dynamometer for Testing
of Outboard Engines

NVH is both an attribute and a nuisance in road vehicles.
NVH characteristics are carefully engineered to meet the
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Figure 7 NVH test stand for outboard engines

design objectives of the developer to meet vehicle specific
marketing objectives. But also for vessels there can be
various reasons for influencing the noise level and charac-
teristics of the engine. Like sports cars, speedboats should
have a sporty sound characteristic. Noise topics for large
ships have different interests such as protection of passen-
gers and environment. Therefore, noise investigations are
getting more and more important for marine applications.
The measurement tasks of an NVH test stand have a
major influence on the selection of test bench components
and require a special test bench design. With audible noise
measuring instruments, only the direct emissions from
the DUT should be acquired without confounding indirect
emissions like reflected noise within the test cell.
Reflections must be reduced or dampened as good as pos-
sible by absorbing walls with special geometries. In addi-
tion, disturbances by the testing equipment (loading unit
etc.) or external sources need to be avoided. Therefore,
the test cell is vibration-decoupled from the building and
the load unit is separated from the NVH test cell or
enclosed with special housings.”®

Figure 7 shows the layout of a NVH test cell for outboard
engines of small boats that was realized for a Japanese
customer by HORIBA. The two independent baseplates
represent an installion in different rooms with separation
by a wall (not illustrated). The left part is the NVH test
cell that contains a water basin with the outboard engine
(red) inside. Beside the water basin is a bearing support
that is connected to the propeller shaft of the outboard
engine. On the right side - outside of the test cell - are the
dynamometer and a second bearing support mounted on a
base frame. The load unit is an AC dynamometer type
Dynas3 HT 460 that provides a rated torque of 1,484 Nm
and rated power of 460 kW. The system can be used for
dynamic tests due to the max. speed gradient of the AC
machine of nearly 10,000 rpm/s. All components of the
system are specially designed for the torque of 1,500 Nm
and maximum speed of 8,000 rpm.

For noise reduction optimization, the dynamometer is
equiped with a speed controlled fan. The wall penetration
between the dynamometer room and the test cell is real-
ized with a 1,500 mm long black carbon (CFRP™) shaft
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that connects both intermediate bearings in the dyna-
mometer driveline. In addition the wall opening is acous-
tically sealed. The carbon shaft as well as the bearing
support are covered with sound absorber on the specimen
side.

Two most important parts of the design phase are mode
shape frequency analysises of the main components and
shaft torsional resonance calculations of all driving shafts
between the dynamomter and the outboard engine. The
frequency analysis is carried out for the full speed range
of dynamometer. For the shaft torsional resonance calcu-
lation, the main components; namely, dynamometer, drive
shafts and combustion engine need to be included. In the
case of the engine, the engine type plays a significant role,
as a excitation source, and is considered with its key
characteristics in the calculation (number of cylinders,
strokes, displacement, inertia, etc.). The multi-mass-
model for torsional vibration analysis is created based on
the schematic structure of the shaft connections with
inertial mass allocations and torsional stiffnesses. Results
are the resonance frequencies [Hz], critical speeds [rpm]
and max operation speed [rpm] that influence the overall
system design.

*3: NVH: Noise Vibration Harshness

*4: CFRP: Carbon Fiber Reinforced Polymer

Conclusion

Beside the automotive business HORIBA has a strong
footprint in marine engine testing and can provide a wide
range of dynamometer concepts for different applications.
The standardized TITAN test stand can be adopted with
AC machines for testing of engines between 20 and nearly
1,000 kW. Hydraulic dynos are the preferred solution for
stationary tests of engines with power higher than 500
kW due to their cost advantage (purchase cost and total
cost of ownership). The standard portfolio of DT dynos
reaches depending on the DT version up to 12,600 kW
power or 180,000 Nm torque. Tandem dynamometer sys-
tems can be the right solution for requirements of braking
power above 800 kW in combination with low motoring
power. The maximum available tandem configuration can
provide 3,125 kW absorbing power and 20,000 Nm of
torque. In addition to the standard test stand components
and systems, there is a demand for customized testing
solutions. The example of the NVH test stand for outboard
engines shows the complexity in the design of such as
special testing solution.

* This content is based on our investigation at this publish
unless otherwise stated.
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Product Introduction
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Oil Extraction Solvent H-519

HDBREETOCMAY ) — X 3B EmEEEHFAL THY, BAEATIE
AR E U TH-997 2 EH L T& /4 LA LH-997IEE> MU A —
IWETEEOHRFIME L L T2020FLIBOEEFr ZEEI N TWVWE /120,
H-997(ZfXh V), DM AEH-519% # - ICBIF L /2o H-5191k & 1@
MENCIEZ Y CERERMENIEL, BEL TRV R ULEAPFIEEA IRV
TWBETH S, H-OI7 L BIEEN R L 2, HEMERZ1TO 2 & Ttk
BVERATEZENTED, KB TIIH-997DKH ) & & B5H-51904
BEBNAL, HO97 EDEWVRBELN ) EZDBEDFESAICDOVWTRT,

U7 FREAFE

Mayuka YAMAMOTO

Qil content analyzer (OCMA series) uses solvent extraction method. The oil
extraction solvent H-997 has been used in Japan. However H-997 is going to be
prohibited to produce from 2020 due to the Montreal Protocol. An oil extraction
solvent H-519 was newly developed instead of H-997. H-519 has low volatility
and is easy to handle. The measurement value of H-519 and H-997 are different,
but shows consistent correlation. Therefore, H-997 can be replaced to H-519 by
compensating the correlation analysis. In this article, the features of H-519,
differences from H-997 and tips of solvent switching are introduced.
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Oil concentration Infrared absorption Residual oil  Qil extraction solvent

Lo TETWA, OCMA-505, 555 THERMEH ST &
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BEEFTOCMAY ) — X% 54 v v 7T LTw5h, Bl
FEEFALTBY, IiHESIEERERG o2 bz i
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(Cholofluorocarbon) ®HCFC
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Table 1 Controlled substances of the Montreal Protocol (Annex C)
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48 | Reaclout No.52 June 2019



HORIBA Technical Reports

LRV UDREFN TV, N TH U IEFENSICEY
Lawnk D Ze&tomnwiETch b,

MR A RH-519

BIE & 453
Table 312H-997 £ H-519D ik % 7”97 H-997 &£ H-51913 &
ALY, H-9971E Y s aua Ry y 7t urassy,
H5191Z70u by 740 F L o O3EkE FRASE L
TWdo ERAGOE NI TEISH S, WE, WG
1), RN EL 5 T b FFICH-B1913H-997 & i L ¢,
Figure 1 Oil extraction solvent H-519 WA IR DIRIETH 2 KBEA312> 52512 F 3 % K 1
I 5205, KMHHNIEFE Y, FEFEEIMR G & v ) R
5o H-997IFPRTRERE Y b F — VEEE DM
B EEETOCMAS ) — X LTSS, HB19EAFEHHICIEL L CTH ), Ml
D ETHERAR T WY H L o T b,
OCMA ¥ ) — AT O o3 L L A i - IR R A%
W% v T b, 43 123.4~3.5 um (2941 ~2857 H-51913H-997 & Hg L Ch ridvs <, 25T (25C) 23w
em™) D RFEKRFMHEIRBFE T L2WINEEHL, 9~ CEMLHEENEL RV, 2070, WaTlEOE TR
NV P R=VOFEANZ L Y E'mE N5,
L7208 C, i@ six 2 oy 0k Table 2 Lineup of OCMA series

Wh 722 EPEETH S, H519 OCMA-505-H OCMA-555-H
VX T RERE L SRR RS A (C-HASEA) B -
<, 3.4~35 umlZWILE $7- 7 7 s |
. . N oty - Gol002
., OCMA S 1) — X COilisH R |- - [ = -
BLTWV2, : | |
Appearance L ‘ :
I BRI 55 0 5 T s D _E I
AL EWC-Hf A 23 5, L7z
o T, fafl - AR A oS, I
FEBEAROMHOMETE 2 &) Fl i Feature Automatic extraction Suitable for residual oil
%2 [2]O —J7 UVREZ 72 550, function measurement
S FHEREPN AR BRI & & FEo U L 2> Solvent H-519
BT E v, F 70, I ORIV Sales area Japan, China and Thailand
FEEE (VAT ) T
B © & 7 WIRZEME D Wil o3 b R T Table 3 Comparison of specification of H-997 and H-519
& 5o Wikl H AT RS (J1S) 150l 997 Heo19
ENTWV D7, FRIETED B O I3 E B Main component Dichloropentafluoropropane Chlorotr(lTﬂrLiJ;r:r()ethylene
HEOBICES L TCLEFVHRHTE R 507-55-1
N mo CAS No. 42-56-0 9002-83-9
Boiling point (C) 54 > 135

HAENDOOCMAT ) — X% Table 22 ET péezsssogre (kPa) 38 1.2
/j—ij—o ﬂiﬁ‘?ﬂiﬁ(ﬁﬁ%@%@ﬁ L: 'ﬁf > T Density(g/cms) 1.6 1.8
OCMA-505, 555124+ %5 OCMA-505-H, Viscosity (mPa « S) @25°C 0.6 4.3
555-H (H-519EA) R SN T b, F KB value*' 31 25
7z, A B OBIEMAOCBREEIE E (+ & GHS™2 0 =
o, ky v Xy YOREW) S b Montreal Protocol Listed Not listed
)7 H NIERE IR TV S, OCBIZ#EY) PRTR Listed Not listed
HIZIEPRTRE (LA B R ) = Jm #1:HT0TE/—IVE . N e s

st L s ) 4 o AR OMIERF N ERTIEET, BENMKZVWEEZOHRIZ DB BEHRTES
H‘J’%‘JE) ’%)EH‘ IE'“C%%E LM%EZE SnTw *2 ! Globally Harmonized System of Classification and Labelling of Chemicals
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Figure 3 Measurement results of 100 mg/L oil in water using H-997 and H-519 (HCI was added as a acidification regent)
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Figure 4 IR Spectrum of machine oil and triolein
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Figure 5 Measurement results of metal parts using H-997 and H-519
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2, Miyanohigashi, Kisshoin, Minami-ku,
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Phone : (81)75-313-8121 Fax : (81)75-321-8312
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Phone : (81) 77-548-6130 Fax : (81) 77-548-6193
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Phone : (81)75-693-2300 Fax : (81)75-693-2350
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Nishihara-mura, Aso-gun, Kumamoto, 861-2401,
Japan
Phone : (81)96-279-2921  Fax: (81)96-279-3364
Fukuchiyama Technology Center
11-1 Miwa-cho Miwa, Fukuchiyama, Kyoto,
620-1445, Japan
Phone : (81) 773-59-2070 Fax : (81) 773-59-2074

HORIBA TECHNO SERVICE Co., Ltd.

2, Miyanohigashi, Kisshoin, Minami-ku,

Kyoto, 601-8305, Japan

Phone : (81)75-313-8125 Fax : (81)75-321-5647

HORIBA Brasil Holding, Eireli

HORIBA Instruments Brasil, Ltda.

Rua Presbitero Plinio Alves de Souza, 645,
Loteamento Multivias, Jardim Ermida Il - Jundiai Sao
Paulo - CEP 13.212-181 Brazil

Phone : (65)11-2923-5400  Fax : (55)11-2923-5490
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Phone : (565)11-4224-0200  Fax : (55)11-4227-3133

HORIBA Canada, Inc.
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Phone : (1)905-335-0234
London Office
347 Consortium Court, London, Ontario, N6E 2S8
Canada
Phone : (1)519-668-6920

Fax : (1)905-331-2362

Fax : (1)519-668-8437

HORIBA United States Holding, LLC
HORIBA Americas Holding Incorporated

HORIBA Instruments Incorporated
9755 Research Drive, Irvine, CA 92618, U.S.A.
Phone : (1)949-250-4811 Fax : (1)949-250-0924
Albany Field Office
Suite 104, 58 Clifton Country Road, Clifton Park, NY
12065, U.S.A.
Phone : (1)-518-280-3675
AnnArbor Office
5900 Hines Drive, Ann Arbor, MI 48108, U.S.A.
Phone : (1)734-213-6555  Fax: (1)734-213-6525
Austin Office
9701 Dessau Road, Suite 605, Austin, TX 78754,
US.A.
Phone : (1)512-836-9560
Chicago, IL Field Office
554 Anderson Drive, Unit A Romeovile, IL 60446,
US.A.

Fax : (1)512-836-8054

Phone : (1)815-372-9076

El Monte Field Office

9420 Telstar Ave, Suite 103 El Monte, CA 91731,
U.S.A.

Phone : (1)626-542-3005

Houston Office

5390 Bay Oaks Drive, Pasadena, TX 77505, U.S.A.
Phone : (1)281-482-4334  Fax: (1)281-674-6058
Novato Field Office

1359 Bel Marin Keys Blvd, #20, Novato, CA 94949,
US.A.

HORIBA New Jersey Optical Spectroscopy Center
20 Knightsbridge Rd, Piscataway, NJ 08854, U.S.A.
Phone : (1)732-494-8660  Fax : (1)732-549-5125
Portland Office

7007 S.W. Cardinal Lane, Suite 185, Portland, OR
97224, U.S.A.

Phone : (1)503-624-9767  Fax : (1)503-968-3236
HORIBA Reno Technology Center

3740 Barron way Reno, Nevada 89511, U.S.A.
Phone : (1)775-358-2332  Fax: (1)775-358-0434
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US.A.
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6800 Virginia Manor Rd., Beltsville, MD 20705,
US.A.

MIRA North America Inc.

1400 North Woodward Avenue, Suites 250, Bloomfield
Hills, MI 48304, U.S.A.
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HORIBA Europe GmbH
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Phone : (32)3-281-57-92 Fax : (32)3-230-06-95
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Prague Office
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Republic
Phone : (420)246-039-265
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Phone : (33)1-69-74-72-00 Fax : (33)1-69-31-32-20
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231 rue de Lille, 59650 Villeneuve d’Ascq, France
Phone : (33)3-20-59-18-00 Fax : (33)3-20-59-18-08
HORIBA ABX SAS
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34184 Montpellier Cedex 4, France
Phone : 33(0)4-67-14-15-16 Fax : 33(0)4-67-14-15-17
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Hans Mess Strasse 6, D-61440 Oberursel, Germany
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Germany
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Germany
Phone : (49)2161-47537-0
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Germany
Phone : (49)2175-8978-0
Munich Office
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Phone : (49)89-2444-779-0 Fax : (49)89-2444-779-10
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Phone : (49)3316-4900-70 Fax : (49)3316-4900-74
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Germany
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Phone : (49)7158-933-800 Fax : (49)7158-933-899
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Phone : (49)5361-38653-16 Fax : (49)5361-38653-24
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Phone : (49)89-62-51-84-750 Fax : (49)89-62-51-84-7520
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HORIBA ITALIA Srl
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Phone : (39)6-51-59-22-1  Fax : (39)6-51-96-43-34
Milano Office
Via Cesare Pavese, 19 20090 Opera Milano, Italy
Phone : (39)2-57-60-30-50 Fax : (39)2-57-30-08-76
Torino Office
Via Feroggio, 30, 10151, Torino, Italy
Phone : (39)11-904-0601 Fax : (39)11-900-0448
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Italy Branch
Viale Luca Gaurico 209/211, 00143 Roma, Italy
Phone : (39)6-51-59-22-1 Fax : (39)6-51-96-43-34
MAURITIUS
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9th Floor, Orange Tower, Cybercity, Ebene, Mauritius
NETHERLANDS
HORIBA Europe GmbH
Netherlands Branch
Science Park Eindhoven, 5080 (Industrial park
“Ekkersrijt") 5692 EA Son Netherlands
Phone : (31)40-2900240 Fax : (31)40-2900624
POLAND
HORIBA ABX Sp. z 0. o.
ul. Putawska 182 02-670 Warzsawa, Poland
Phone : (48)22-673-2022 Fax : (48)22-673-2026
PORTUGAL
HORIBA ABX SAS
Portugal Branch
Alfrapark Estrada de Alfragide n°® 67, Edificio
F - Piso 0 Sul, 2610-008 Amadora, Portugal
Phone : (35)12-14-72-17-70  Fax : (35)12-14-72-17-89
ROMANIA
HORIBA (Austria) GmbH
Romania Branch
B-dul.Republicii, nr. 164, Etaj Parter, Birourile nr. 3
si 4, Pitesti, 110177, Judetul Arges, Romania
Phone : (40)348-807117 Fax : (40)348-807118
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Altufievskoe shosse, 13, building 5, 127106, Moscow,

Russia

Phone : (7)495-221-87-71
Zelenograd Office
Office 106, 2nd West st., 1, build 1, 124460,
Zelenograd city, Moscow, Russia
Phone : (7)499-995-09-54

Fax : (7)495-221-87-68

HORIBA MIRA SPAIN, S.L.
Calle Oficios, nave 22, 04620 Vera (Almeria), Spain
Phone : (34)-950-39-11-53
HORIBA ABX SAS
Spain Branch
Avenida Caidos de la Division Azul 16, 28016 Madrid,
Spain
Phone : (34)91-353-30-10 Fax : (34)91-353-30-11

HORIBA Europe GmbH
Sweden Branch (Gotehnburg)
Grimboasen 10 A, S-417 49 Gothenburg, Sweden
Phone : (46)10-161 1500  Fax : (46)10-161 1503
Sweden Branch (Sodertalje)
Sydhamnsvagen 55-57, SE- 15138 Sodertalje, Sweden
Phone : (46)8-550-80701  Fax : (46)8-550-80567
TURKEY
HORIBA Europe GmbH
Istanbul Office
Kiglikbakkalkéy Mah. Kayisdagi Cad., Flora
Residence No:3/2504, 34750
Atasehir/istanbul, Turkey
Phone : (90)216-572-1166 Fax : (90)216-572-1167
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HORIBA UK Limited

HORIBA UK Finance Limited

Kyoto Close, Moulton Park, Northampton, NN3 6FL,
United Kingdom

Phone : 44(0)1604 542500  Fax : 44(0)1604 542699
HORIBA Jobin Yvon IBH Ltd.

133 Finnieston Street, Glasgow G3 8HB, United
Kingdom

Phone : (44)141-229-67-89 Fax : (44)141-229-67-90
HORIBA Test Automation Ltd.

Brook Court, Whittington Hall, Worcester WR5 2RX,
United Kingdom

Phone : (44)1905-359359
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MIRA Land Limited
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MIRA Technology Park Limited

Watling Street, Nuneaton, Warwickshire, CV10 0TU,
United Kingdom

Phone : (44)24-7635-5000
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Quatro Park
Unit 1, Quatro Park, Paycocke Road, Basildon,
Essex, SS14 3GH, United Kingdom
Phone : (44) 1268-290100

HORIBA INSTRUMENTS (SHANGHAI) Co., Ltd.
No.200, Taitao Road, Anting Town, Jiading District,
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Phone : (86)21-6952-2835  Fax : (86)21-6952-2823
HORIBA (China) Trading Co., Ltd.
Unit D, 1 Floor, Building A, Synnex International Park,
1068 West Tianshan Road, Shanghai, 200335, China
Phone : (86)21-6289-6060 Fax : (86)21-6289-5553
Beijing Branch
12F, Metropolis Tower, No. 2, Haidian Dong 3 street
Beijing 100080, China
Phone : (86)10-8567-9966 Fax : (86)10-8567-9066
Guangzhou Branch
Room 1611/1612, Goldlion Digital Network Center,
138 Tiyu Road East, Guangzhou 510620, China
Phone : (86)20-3878-1883 Fax : (86)20-3878-1810
Shanghai Service Center
Room 303, No.84, Lane887, Zu-Chong-Zhi Road,
Zhangjiang Hi-tech Park, Shanghai, 201203, China
Phone : (86)21-5131-7150 Fax : (86)21-5131-7660
Shanghai Technical Center
No.200, Taitao Road, Anting Town, Jiading District,
Shanghai, 201814, China
Phone : (86)-21-6289-6060 Fax : (86)-21-6289-5553

Fax : (44)1905-359332

HORIBA Technology (Suzhou) CO.,LTD.
No.1 building, Industry park, No.101 Chenmenjing
Rd, Taicang, Jiangsu, China (215400)

Beijing HORIBA METRON Instruments Co., Ltd.
Chaoyang District, Bei Yuan Road 40, Beijing,
100012, China

Phone : (86)10-8492-9402  Fax : (86)10-8492-7216
MIRA China Ltd.

Block B, Suite 501, Honggiao Sunnyworld

No. 1226 South Shenbin Road

Shanghai, 201106, China

Phone : (86)21-6220-6377  Fax : (86)21-6220-6379
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246, Okhla Industrial Estate, Phase 3, New Delhi,
110020, India
Phone : (91)11-4646-5000
Bangalore Office
No.55,12th Main, Behind BDA Complex, 6th sector,
HSR Layout, Bangalore South, Bangalore-560102,
India
Phone: (91) 80-4127-3637
Chennai Office
The ground floor New No. 41, Old No. 15/3, Velachery
Road, Little Mount, Saidapet, Chennai - 600015, India
Phone : +(91)-44-42077899
Haridwar Factory
Plot No. 26, Sector-7, IIE, SIDCUL, Haridwar,
Uttarakhand - 249403, India
Phone : (91)-1334-239139
Nagpur Factory
Plot No B-3 & C-32 Butibori Phase 2, Industrial
Area, Dist Nagpur, Nagpur, 441122, India
Technical Center
D-225, Chakan MIDC Phase-Il, Bhamboli Village,
Pune-410501, India
Phone : (91)-02135-676000
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PT HORIBA Indonesia
JL. Jalur Sutera Blok 20A, No. 16-17, Kel. Kunciran,
Kec. Pinang Tangerang 15144, Indonesia
Phone : (62)21-3044-8525  Fax : (62)21-3044-8521

[KOREA |
HORIBA KOREA Ltd.
202-525, 94-Gil, lljik-Ro, Manan-Gu, Anyang-
Si, Gyeonggi-Do, 13901, Korea
Phone : (82)-31-296-7911 Fax : (82)-31-296-7913
Ulsan Office
613, Doosan We've the Zenith, 1877, Sinjeong-
Dong, Nam-Gu, Ulsan-Si, 44679, Korea
Phone : (82)52-275-0122 Fax : (82)52-276-0136
HORIBA STEC KOREA, Ltd.
98, Digital valley-ro Suji-gu, Yongin-si Gyeonggi-do
16878, Korea
Phone : (82)-31-8025-6500 Fax : (82)-31-8025-6599

Fax : (91)11-4646-5020

HORIBA MIRA, Ltd.
Korea Branch Office
F5 HORIBA Korea Bldg. 25 lljik-ro 94beon-gil,
Manan-gu, Anyang-si, Gyeonggi-do, 13901, Korea
Phone : (82)70-4689-0680 Fax : (82)31-296-7913

HORIBA INSTRUMENTS (SINGAPORE) PTE LTD.,
MANILA Office
29/F Rufino Pacific Tower, 6784 Ayala Avenue
corner
Rufino Street, Makati City 1226, Philippine

HORIBA Instruments (Singapore) Pte. Ltd.
3 Changi Business Park Vista #01-01 Akzonobel
House, Singapore, 486051
Phone : (65)6-745-8300
West Office
83 Science Park Drive #02-02A, The Curie Singapore
118258
Phone : (65)6-908-9660

HORIBA Taiwan, Inc.
8F.-8, No.38, Taiyuan St. Zhubei City, Hsinchu
County 30265, Taiwan (R.O.C.)
Phone : (886)-3-5600606 Fax : (886)-3-5600550
Tainan Office
1 Floor, No.117, Chenggong Road, Shanhua,
Township Tainan country 741, Taiwan (R.O.C.)
Phone : (886)6-583-4592  Fax : (886)6-583-2409

HORIBA Holding (Thailand) Limited

393 395 397 399 401 403 Lad Ya Road,
SomdetChaophraya, Klongsan District, Bangkok
10600, Thailand

Phone : (66)(0) 2 861 5995 Fax : (66)(0) 2 861 5200

HORIBA (Thailand) Ltd.
393 395 397 399 401 403 Lad Ya Road,
SomdetChaophraya, Klongsan District, Bangkok
10600, Thailand
Phone : (66)(0) 2 861 5995 ext.123  Fax : (66)(0) 2 861 5200
East Office
850/7 Soi Lat Krabang 30/5, Lat Krabang Road,
Lat Krabang, Bangkok 10520, Thailand
Phone : (66)(0) 2 734 4434 Fax : (66)(0) 2 734 4438

VIETNAM

HORIBA Vietnam Company Ltd.

Unit 6, 10 Floor, CMC Tower, Duy Tan Street, Dich
Vong Hau Ward, Cau Giay District, Hanoi, Vietnam
Phone : (84)-24-3795-8552 Fax : (84)-24-3795-8553

Fax : (65)6-745-8155
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