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Vibration Problems and Progress of Technology
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1. IFC&IC

LIS DRA MV REZEPSEHROER KOO T CHEE) ZRTWVWS &, AFEBIERICRRERL
Joe TRV TIKES VFOIRE 70V ZROH LU, THE TICRER L 7z R ORE) s < 7L &
Bl ORI OV TRIR T THLS 2 IcLE Lz,

FAE =288 TIC AELER, WIB0MERNICIED . KX —EC ., HARA—E Y, RUTKERKE, i
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IO A TEE Lz, KRACHERE BRERREFE CARE FEMILT—<ICLTED ., F404ER
D, B - A RS OIRERE RGN Om FICERDHATE T Ik b Ed, tHEILWLMIC
E7ATITVOMRTEF Y VT ZHATEREEDNENE LNEEAD, BERMRO B ZEKIIIR
B b TNVRIEDRET Uz U LD S, IRE) T 7IVDJRIKZEH « MR OERISKH T D
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2. RVTKEZVFTDRENNST IV

RYTIKET HE, BRNORT K ZEARDOMEIC T VFRX—V Z2{HAT2ETHD . T
FORHE— RIZHEREG T 2R OIRHT— RIc/A b £9, 1970FMRE% 1N 5 Ry T/KED
KERIL, @A EEDTH BT, HA =2 L OB T I K B3 HIBRDFEK T, %75
500 mik DR Y TIKED T 2 F RX—=VICEBOBHANRELE Uiz, TORTTNICDNTIEZLD
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T3 E-VET,

0k=nZgw, nZgtk=mz (1)
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BN—E3 5L 0o THO. 2HFEHONXGINIRNINS TV FMHGENZ TXRIVFNFICIR SR
WeHDEMTT, YRHIRTDA—=I—H2Z=20, Z=6ZRHALTEH., TV FOEREEKEL
Licte® o dMER LT 2HIERE—R (20—3X6=2) OHIENFRELIC ENTD T T IVOERE
DIRKTT, 7272 L. (1) EAIZCampbell DRHN 5785 X —E VEOFFHICITR LN TVE
UTzo BREEORMOBNE LN a7 &b TOHFRDENE>THDE X ICEBNET,

DI 7 INVDEKFEAZ MG U224 00id. XKD SEHEEN2HERED I RE—F (FITEN
Y RAEMTIRET 2 E—R) BDEIRULZE B> T0E Uiz, Ul T > kA IR it
THEMD R, MIEROS = 2 7 )V U OKh OB IREE RS % L =50 7~ 8 E|
IKix 57, 2HERD 1 RE—RFOHRIREGFEUTOLERFZLTWE L, ETAN, F2FI
B =IO HF THIRISNZEHIT 2 &, 75T Ny RHDE— RAIGE L, FHE—
FIELINELZWNW T ENIND X L, ZTORDOBENCKD, LAN—E 75T L D ORRRD
IKDOAMINE BN RIC K O EEIRBIEDZESHO 4N E TR T 22 &, BT X254
W75V ENY REMUILTS KSIHEHT2OTHEHT—RLAMLELENC ERE, 5T
MELTREONBE T ENTDEZHRDTHNDE LIz, iz, B2ICZ2=7D 1 HiERFEHMEE—F &
WHE— ROFIZRLTWETH, k=1DWHE— RIEZEAMEIC 1, BXUTZ+k=6, 8{HDPD
HROADEICED, X—=UDEO DFS5NTWVANE THEMEMNFICESE— FZIEKT 575 2,
FEETHRAE LU ESNHEERED ICHIATZ2 2 800D E Uiz, KEARERIEZEOFEERE
TINBHDIRENC DOV THHHT DD D X TN, ZOIFEALIITD N T TIVOFRKZTIAL T
WSEFETHEATE T EMR—RICHE > TWVET, £/, TD T TV 2SI U THIFE U Tzt Bty
RFHAEAE R > TIKERZ G T ROIEMmEICEEA SN TED., TO T T h 578G NEH
WEH ORI R O Fic kESEHIRLTWS & RVET,

B1 Ry TIKET T O K2 KRYIKETVFO 1 FHERE—F (Z=T7)



AR Vol47 No.l (2023) IRE) 7770 L RO

3. ZRFZ—EVREDIREI ST IV

—ZEH LTI 1980 L TR A — VD ERICIE, BRI3IRT I, AXTEMEN
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W LE L, COMdh, 1990FEHICH LR TRAEZHAEL XS LS XEDPHE D, ik
IRRMHEIC DV TCREET 21T NA M REMEIEE S HHXED0 Zifm L E Uiz, TORE. BE
L 7zhbam /2 B 4 DISB (Integral Shroud Blade) #i&T9, T DISBRGEIEHE L 2T Fa2—{KICL
MG TH O, BEHICE 2RO EV RO ZEZFH LT, BiEd 52257 RPAXT =2
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REE Ul VT EMEICT S T Ik D, REREZ KIgICm EER22eNTEET, .
BN T2 CEFT A2 N TELDNESZELX T,
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Tzo AERMNCIE, TORMGEDORAIC KD, KX —E Y EROGEENREENICH EUE Uiz, i
2D b T TIVERZEDH U, BERIRBEREEIC DOV TG 21T TAESM. SEHBM. #geio%
{ DEHMRERZ TR KR Ziam LTz EMRINCED > Tz L BN E T,

3 b MG 4 ISBH#E
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RE) b Z 7V ORERDEAOHERAET DOV EH 2N LE LI, 8 BbAATNETICRERL -
r I 7OVOHICIE, RO X FORFNC K D EE S NZ 2 TORKICH U THKRZR - 72728, b
FTINWVEKEHRTETCEERDI DS BN >TeHREDH D X, BETHHLLLE, FHEEHAID &
;T TIVRERIMELRE N D DN ENT & TIH, BERNFEHI N TRV T TGS ER
LES, NI TIVOERKZEIHL, ?~9&~xabfﬁﬁb Ffife&R LT T &, FEHT AT
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Vibration Criteria for Pumps in JIS Standards and
Trends in International Standards

By Noriya Nakatani

There is several standards for vibration criteria in pumps. In Japan, JIS B 8301 is typically applied
for both factory and field test evaluations. In recent years, the importance of and interest in
condition monitoring of vibrations during pump operation has increased enormously. Here we
have a summary of the vibration criteria for pumps, including JIS, API, ANSI/HI, and ISO, and
provides an overview of their respective features.

1. XC&IC

R T OBMIBE P OO - FHE. BXU L
S Eis COREGT - ShEDOZ Y MEORERE - FHm I HRENFT
Wz, ZOIRIMEIC THEIN T VD, & HITIAE,
R TR OIRBNGIRESHO BT S L, LN
FESTETVD, AT, R ICBT % SHERE)
eI L . 215 OFIC DOV TIEEZ AR S,

2. JISHRIETOIREIE#E(E

FEIN TIE—MRANC B, 3B XU TIEEGERRF OS2\
TV OYRENOHERAEL LT, ]IS B 8301 : 2018 i
DRV T BHRRY 7 R CllifiR > 7k 51 Vol
JBEJE (BE) IGGIHIN TV 2EMEE (K1) ZRAL
TWVBIEEDE, TOHEFUELR Y T DEiHEE I3
WTEHRIEEAL 11/1 000 mm=pm)IZ TED LN TS,

E 512, [JIS B 8307 : 2009 K > O kE—
75 Z 1 J%, TJIS B 8308 : 2009 i#ilvE > T DRk
— 275 A%, XU TJIS B 8309 : 2009 LR > 7
OHFffitkE— 27 5 AWM I BN T L IRBIFEEE DT &
NTW3, TH5DOHIKIZISORIZ HICERE N
DTH O CHEHEAETIRE)HE (AT :mm/s RMS) & 7x >
TWb, F11CJIS B 8307 DEHEZ T,

FROX ST, JIS B 8301 TOIRBIEAENE X FE P TR
bhTET k., JIS B 8307, B 8308, 3k UB 8309
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Fig. 1 Extract of Vibration Criteria of JIS B 8301 (Fig. JE.1)

£ 1 JIS B 8307 #iFNFHHAEME ok
Table 1 Extract of Vibration Criteria of JIS B 8307

HAT HREHE (mm/s RMS)
[ i Yo JEE DO E Eh
N (min " hi<225 mm hi>225 mm
N=1 800 238 45
1 800<N=<4 500 45 7.1
SR> T 7.1

FISOMIK ZEL L LTWB T &b B B e Kt
o THED, JISTIEWTNOREMEE V2 h 2
WHEEMDBEICL D E LTV,
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3. ERFRR%

3-1 KETZERRTOREEEE

RYTORIHEAEL U TCKEFETEREDHLNATY
B K&, TAPI STANDARD 610 TWELFTH EDITION,
JANUARY 2021, American Petroleum Institute,
Centrifugal Pumps for Petroleum, Petrochemical, and
Natural Gas Industries|”, #%&* TANSI/HI 9.6.4-2022,
American National Standard for Rotodynamic Pumps for
Vibration Measurements and Allowable Values]®%3 0
ANSI/HITIZAPIA DR FITH#EH L THO . &L 1(E
FHAFLTVS,

API STANDARD 610 Cld L¥; 1 freait < e AL
E LT sz N 22 7 OIRENC DUV THREN . (BT
mm/s RMS) ZBE L (R2EH), THICTNDERZ
ZERH U, D DIEEZENT 2 Y 2 i 2 R 7T,
FRENIC DV T R GEAL : pm) ISTHIEL TV
(R332,

£ 2 API610 152/ NT 2> 7 T ORHPFEHEN
GHESER PRI O it
Table 2 Extract of Vibration Criteria of API 610 at Bearing
Housing (Preferred Operating Region)

HifiL JRENHE (mm/s RMS)
Ey TR Ov]c;rhupg & Between- Vertically Suspended
earings Pumps Pumps
RYTAT A
o 5 [ BANA L4 Wz T E
WO 5>
- 3 600 min ™ 'KifimnD
HE | s e b 300 kwoki Vu<50
Vu<3.0
) 5E B HE | 3600 minT AKAD
Discrete 1 B 7= 0 300 kWA Vi<3.4
frequencies Vi<2.0

Vo D E ENTAREERE G —/3—F—)U i)

Vi @ FETARY RV TO iR E NI 2 DJEPEUK D T OIRE)

fii#% : Overhung & Between-bearings Pumps® FRiHiFHSA D E )
R T DOTIFRREE D O

ANSI/HI 9.6.4-2022 T % API STANDARD 610 & [fl £k,
HERAEINZ T ¥ > T DIRENC DV THREHE
fii :mm/s RMS) ICTHEL TW3, FEET 28 LT,
HINC & O BHEED R 75 5 51, B R OB T Tk
HENERGZZANB NS (RASH), 51T, [0
HRE Y600 min 'L FOGAICIE, BT akiE (B
fii cpm) TEFNTEHT L ELTWVS (R58K),

JISEUBIC B3 % R > T OYRENIEAE & FEIFRERFE OB

£ 3 API610 R TldREN G (MR REPIC T) b
Table 3 Extract of Vibration Criteria of API 610 at Pump Shaft
(Preferred Operating Region)

HfL RE) (pm)
By T Overhugg & Between- Vertically Suspended
bearings Pumps Pumps
il s o 7 U AnThgls
W 5 EROL ! 2TiieA TR R
6 6
] 5 e Au<(5.2,><1‘0 /n) 0.5 A\x<(6.2i< 10 /n) 0.5
Overall e ferZL
<50 <100
W) e Bk e
Discrete f<n:A<0.33Au
frequencies
Au T E e R
Ar D FFTARY MVTHRE N 4 O BRI C O 2 HRIE

n [AEEE mine!

f AW Cycle per minute = min '

4 ANSI/HI 9.6.4-2022 #1352\ ¥ > 7 CD
PRENSEHERT (HEREREmEIPIC T Pk
Table 4 Extract of Vibration Criteria of ANSI/HI 9.6.4-2022 at
Bearing Housing (Preferred Operating Region)

H fir PREEE (mm/s RMS)
v o7 om R Ovirhupg & Between- | Vertically Suspended
earings Pumps Pumps
RYT AT A Mz
woE %o MmNy NTD VT ERRG
TBIART Z Y
th J1 | <200kW | =200 kW | <200 kW | =200 kW
o B e B 3.8 4.8 33 4.3
HE R T 4.8 5.6 4.3 5.3

#&5 ANSI/HI 9.6.4-2022 [Al£54 %600 min~'LL R D
Ry TOMZNT P 5T OEIMOIREHAENE
(HESTHR PRI T) iy
Table 5 Extract of Vibration Criteria of ANSI/HI 9.6.4-2022 at
Bearing Housing, Additional Criteria for pumps operating at 600
min-1 and below (Preferred Operating Region)

H 37 SRE (pm)

woE 5o LA

e R Bl 80

Wl FEE T8 100
WEHMOEm SN E D15 meB A 258, EidOfEics0
pm/mZ INEd %,

B WEGFTAEEX D 2.0 m LE O A,
20m—1.5m=0.5m
50 pm/mx0.5 m=25 pm”% Ldichifd %,

SR Y T DG RO R OHRE 2 HIE L
PHili g BHED DB, HARTA CTHE L LT
HEMHORLED DS (R6ZMD. LK T DK N O
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%6 ANSI/HI 9.6.4-2022 /A RF A > SR> 7D
B LT OB EESE
(HESTHR PRI ) it
Table 6 Extract of ANSI/HI 9.6.4-2022 Guideline for Motor
Vibration Criteria at Motor Top (Preferred Operating Region)

H i IRENHEE (mm/s RMS)
N T Vertically Suspended Pumps
WoE %o e A

i N <200 kW =200 kW
Pl BLE i 5.0 6.5
e Bk e T 6.5 8.0

ECONTEHA RTAVCTHE & UTHRMEMORH
NHZHD, WETNBHEEVEVID, TTTEIEE
%

& 51T, ANSI/HI 9.6.4-2022Tl3. Yz ik 5 R
VT ATV=RY T BROKPRY TORIICDON
TEHELTVEN, TTTOMMIENET 3,

3 -2 ISOMMTOREIE#(E

ISOFIA&ICIEIIS B 8307, B 8308, K TUB 8309D%4
LS TVBRIEN D2, TTTREIET %,

R T ORRFFEAEICE A2 Y TIRd e LT T1S0
10816-7: 2009, Mechanical vibration - Evaluation of
machine vibration by measurements on non-rotating
parts - Part 7: Rotodynamic pumps for industrial
applications, including measurements on rotating
shafts|"9h% % ,

KPR 2 e LT, DBIE L I3 5a 0 R T DR
KO HEMENRRZDTIE AL LLFOERDOA T
U—, BRUMIIC & O BN SRR 2 iAVET 5N S,

« A7V — 1 mfsltk, EEER e E
RENBKRT B w5k - fabiaififh, HELH
A e AL RERIETE IR £ TR
DR,

c ATIAV—I ! R EIFEHEEEDEROHROR

>7 () JHERRRIA DR T,

ELICRYTHHEA SN T S OIREDIREEAH 2
BT EMNEREN, BTl LTA~DDY =Dk
. BROER, BEEEROHRMENAREEN TV,
AR, ENTE CoRZEM L, REEHZ1T> TV
ZRVTEHMTETNS,

o V= VA UHT LK RIEENT IR OIREMEIE, @H,
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TDV—=VILHEENS,
V=B ZOV—VOIRIMEDOMIRI, WE. %
HIBRO EHEED IHETH S L HEZ BN S,
eV —=2C: OV —VOIRFMEOEIRE. B
HHHEILIC NS B R 5ND, —RINICSELE
DY) EEEMIF O NS ETORE LI D C
DZAFT ORI ARETH B0
V=D OV —OWRIMEZ. @, BERICHE
BEH525ZEWUTHZEEZD A %,
HE AT Z N T 2 2 T ORI DOV TIRE)#HE
(AL mm/s RMS) ICTHIEL TV (R7Z2H),

&7 150 10816-7: 2009 52/ N\ ¥ > 7 TD
PRENEEM (HESEIREHIIC T Hol
Table 7 Extract of Vibration Criteria of ISO 10816-7: 2009 at
Bearing Housing (Preferred Operating Region)

H i JREERE (mm/s RMS)
P 5 A 2NV
HFd)— HFd)—1 AFdU—1
H pal <200 kW | >200 kW | =200 kW | >200 kW
Vv o— VA 25 35 32 42
v — VB 4.0 5.0 5.1 6.1
V— v C 6.6 7.6 85 9.5
vV — D >6.6 >76 >85 >95
R (R
(=v—yBo125fp) | 0 63 6.4 6
BEEIE R
(v SO 250 8.3 9.5 10.6 11.9
il e Bt 2.5 35 3.2 4.2
e T 33 43 4.2 5.2
falfo - ZDREORSY | - < <
COR =2 =2 =3 =3

fu t FFTANRZ bV Cofift & NIz [l 0 JA AL
zi L A N TP

B, MEfEHEEA600 min RGO A, BN
TafkiE GEAL:pm) TEFMTsZ L& LTWVA,
ANSI/HI 9.6.4-2022CH R L K S ICRHE L TV 3 H%,
75 % p& FFT AR Y M)V ToHffE Nz lalfisid & D 0.565%,
L5, BXU 2 5D% % DR Z7HEL TW5 T
LTHs (R8BM),

Fie, INDEZZERA L. hOIEREMZE N Y 2
i 2R 7T MHRENIC DOV T RIRE (HAL
pm) 1 THIE LTV %, API STANDARD 610TC & [A U
KITFHBL T BH, Bxs M. IXDEZD s



B Vol47 No.l (2023)

£ 8 IS0 10816-7:2009 [AIHx#HE600 min~ ' A D
R T OZINT D2 T OB OIRENFHEH
(EHZFEE 0.5, 1.0, BXT2.065D FWHERT)
(HESERR P T) ok
Table 8 Extract of Vibration Criteria of ISO 10816-7: 2009 at
Bearing Housing, Additional Criteria for pumps with running speed
below 600 min ! valid for filtered values (0.5, 1.0 and 2.0 times the
running speed) (Preferred Operating Region)

H fi ZIRE) (um)

weoE o 2N T
Jo— v A 50

vy o— v B 80

Voo — v C 130

Voo — ¥ D >130

B (i oK) 100
S GRXO 160

e Sk e B 50

Pl ke L5 65

£ 9 IS0 10816-7: 2009 K> iR FLHE(E
GRS AP O Tt
Table 9 Extract of Vibration Criteria of ISO 10816-7: 2009 at Pump
Shaft (Preferred Operating Region)

H fi 2HRE (pm)

W %o TAND @2
voo— v A 033Xz 7V 75X
v — Y B 0.5 X527 )7 5

v o— v C O7X$Ex'71)7’

v — ¥ D >0.7XMZIVT7 50 A
T (R K) 0.6XlZ7 V75> A
FE il (RR) 0.9XHZ 7 VT 5 A
W B e gl 0.33xX =z )7 VA
HoE AR T 0.33XHh=2 7 V75V A

7T v A kg L U CRHIli R
% (R9ZM),

RESNTVWBTLETH

JISEUBIC B3 % R > T OYRENIEAE & FEIFRERFE OB

4. BHYIC

AFTIE. Ry 7B, X0 TR TOSME
IREEHEEZ I L, 2N 5 O « K DOV TN
7zo

FHEGEIC DV TR ZI Y HH MO EIC & -
TROENZEDTHZN, FHBICTB N TDEN, £
ORI RS 20 2B 52 LITEETHS, TH
ICHISIIEEC LICRE LYGET S NS T2, Bzl
T BREND 5,

FRIEZG LS 2 DN AZ 5 T EWNEETH
B0, ARONEIC T, ReffiZ OrEkm L2 Ed & ->h
FemNEENTH B,

<BEXH>
(1) JIS B 8301
—atBRT
2) JISB 8307 : 2009 i@ LK Y T DAk — 2 F A 1
3) JIS B 8308 : 2009 jw/ LK > T Dffi{lAk— 7 7 A T
4) JIS B 8309 : 2009 &/ LK > T Dfffi{ Ak — 7 Z X1
5) APISTANDARD 610 TWELFTH EDITION, JANUARY
2021, Centrifugal Pumps for Petroleum, Petrochemical,
and Natural Gas Industries

ANSI/HI 9.6.4-2022, American National Standard for
Rotodynamic Pumps for Vibration Measurements and
Allowable Values

ISO 10816-7: 2009, Mechanical vibration - Evaluation of
machine vibration by measurements on non-rotating parts

12018 @RV T, FHERY TRUHRAY 7

(
(
(
(

6)

(7)

- Part 7: Rotodynamic pumps for industrial applications,
including measurements on rotating shafts

EM#E5E 110 10816-7 R ¥ TIREHIKICOVT, X—
RHERMA39%, #5575, 20114515, 25-31

8

<EHBN>
MK © 19954E Attt FICHR VT OBRERGIEHICHER,
BUE, KIS R,
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Introducing the use of 3D scanners in plant construction

By Shunichi Shizawa

The Ministry of Land, Infrastructure, Transport and Tourism is promoting the introduction of
CIM (Construction Information Modelling) which is the introduction of 3D models from the
planning, survey and design stages, and by adding information to these 3D models, information
can be shared among all parties involved throughout the project, including subsequent
construction and maintenance management, thereby ensuring quality and increasing the efficiency
and sophistication of work for both the contractor and the client. We will introduce the use of 3D

scanners in a replacement of existing pant.

1. IEC&HIC

At - L HERFE B O—H O T IO —ofk, 1t
A, NS KB EBONHRI - mEEZX 272D, HH
& i~ OCIM (Construction Information Modeling) &
ANz @A MEEL T3,

COHD MK U, HERR « B LH7x ERERR DRz
PERT 256, BEEERZ3DET VL Lie T — 2 W
WE LI BH, BEREHEOIDE T VDRGSR EZ U,
Z T TRERRERED 3 Xt T — Z UG D12 HIC3DAF ¥
FREA LT,

C T, BEDOCIMOID #HD—D & LT, 3DA
F v F OBIGEGEL - [ LI B B IEAIRIIC DV T
9%,

2. AME&EFE

CIM& 35 - Fi# - TN 53DE T IV 28 A
L. ZD3DETIICIERZTGT % T & TZ DB
T, HMEFFERR RSSO 3 BRE M THER O
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Fig.2 Pump station Point cloud
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Fig.3 Point cloud data around the engine
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Fig.5-1 Before pump update - point cloud
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Fig.5-2 After pump update - 3D Model placement diagram

ARz RRC

5—3 TR
Fig.5-3 Collision simulation
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Yahata Drainage Pumping Station in Hokkaido

By Naomasa Inagaki and Takashi Ushimaru

Yahata Drainage Pumping Station is one of twenty pumping stations located in Ebetsu City,
Hokkaido, and serves to alleviate flooding caused by the river’s inland waters. The station was
established in 1982.

During maintenance work on the No.1 main pump in 2022, DMW proposed improvements a
submerged bearing lubrication method. A previous lubrication method was external lubrication
into the bearings so, the grease was leaking to pump liquid. Due to environmental impact, we
changed the lubrication method to collect the grease. The modification work has been completed
and we report the details herewith.

1. EC&IC CLrYY, BaEOEHM G E Nz, R T EREIC
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DWIKIC K 2 HKHEE DEERZ HNE LI TH % L. #EWNEERIC & D DN T &2 1R L7z ETHRA
(E®1)"%, L7z
ABESEONo. 1, 28R FIZHAS7TH (19824) I TOLHMNTET LIeDOTLLRICHET %,
AR & NI > D+ ol BER ) O BRI R > 7T &
D, URFOLEERG L B> TV D, 2. RV 7%iME
T4 (202249:%) DNo.1F ARV 7 DMKk T 2-1 KT
HTI, "Rz B L L7c kR Y 7ok & No 1l ERY TOMRRZR ISR,

£1 NoldRy (LA
Table 1 Specifications of pump

A i Pk R> 7
i =X R R > 7
=) 4 1
[N 7 1 350 mm
EE I 4.55m
L& 240 m®/min
H pi| 270 kKW

1 KA R Wom TV

TR

Fig.1 Location of Yahata pump station
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Fig.3 Sectional view of pumping station
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Ainoshima Drainage Pump Station in Nagano

By Keitaro Sugimoto, and Naoya Takahashi

Ainoshima Drainage Pump Station is one of four pumping stations located in Suzaka City,
reducing flood damage to agricultural land in the Hino and Toyosu region. Ainoshima Drainage
Pump Station-Phase 1 was built in 1966. Flooding has occurred for three consecutive years since
1981. Due to this, Phase 2 was built in 1990 and No.1 & 2 main pumps were already replaced to
new pumps. In 2020, No.3 main pump was replaced and upgraded from a horizontal pump to a
vertical pump.
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Table 1 Specifications of pump

Flhlil S _
JUAIRI U wﬁfﬁi%ﬁﬁ?? }J
I % (mm) 1 350
EEE I (m) 4.4
T2 BHEKES Lo (m®/min) 250
H 7 (kW) 250
Y % i 1k A7k
= b4 1

1 Mz BRI E X

Fig. 1 Place of Ainoshima pump station
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Blower for Saga City Sewage Treatment Center of Japan Sewage Works Agency

By Honoka Shimomura and Kotaro Sugiyama

Saga City Sewage Treatment Center is located in Saga prefecture, and the center treats sewage
in district of Saga city since 1978. For this project, we supplied One" blower known as the AM-
Turbo®, which consists of a cast iron casing and does not require auxiliary items such as a water-
cooling system and a forced lube oil unit. This report shows the construction features of the multi-
stage centrifugal aeration blower.
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Fig.1 Saga City Sewage Treatment Center anoramic view
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Table 1 Blower specification comparison
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Table 2 Blower specifications
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Rabigh Refining & Petrochemical/
Thermal oxidizer air blower

Thermal oxidizer air blower for Sulfur recovery unit - Petro Rabigh,
Saudi Arabia

By Masatoshi Tomita

DMW multistage turbo blowers have been used in various gas processing plants and petroleum
refinery plants. For this project, we supplied 4 sets of air blowers to Rabigh Refining &
Petrochemical Company (Petro Rabigh) for a Sulfur Recovery Unit (SRU) in Saudi Arabia. This
plant expansion project includes with the addition to tail gas treatment unit on the downstream of
the SRU. The existing air blowers supplied by DMW in 2007 will be replaced with newly design.
These blowers are used in thermal oxidizer in this project. This report shows design features of a

thermal oxidizer air blower.
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Fig. 1 Rabigh in Saudi Arabia
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EEIN, 7Y OUGAB X UHET A icidd 1Ly
ERELTWVWS, 7090 — > JHEk ¢ o 7z kbt
FB7HIc, TuToPsAEREZ Y h—EICXKDHIEL.
ST ECRIE S A7 LS THURSPIC K 5 sl il 72 92 L
W3, TSIGAT A VDY A LY O RfICiE—Em
JEREAICPSARZRE LTS, 707 DOIGAB KT
HEH L ViciE, BT 20N % T & 72 H A i
EMTETEL TV 5, LLUFICHBIEIRIC DOV TR S,
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AT SAFE
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PROCESS

Rabigh Refining & Petrochemical/Thermal oxidizer air blower

it

‘1
‘ H
! Combustion i bower
|
|
|

A

2 R
Fig.2 P&I Diagram

2 — 2 Thermal oxidizer air blower

Thermal oxidizer air blowerld )&\ K&D 5 224
ZIEET 57D 70T THS, FT1ICThermal oxidizer
air blowerdDfthk. B3I/ BIZRT,

# 1 Thermal oxidizer air blower{l:f
Table 1 Thermal oxidizer air blower specifications

# EN SR
ZERA—RT0Y

WA,/ U4 (mm) 600/500

J2 = (m®/min) #4402

F H (kPa) #4943

o e &k 2R

OB (kW) 420

= 4 4

2—3 7070EEEEH

A7 17 1ZAPI673 3rd Editionlc ¥EHL L 7z K& 7' 0
T THb. TOMEERMEL IR,

TaIOA RIEENEG, ENETEDTEZ L0
NSRG4 % k1t & RS2 2 fl A &
FIBHEREE 2 R LT % o RERE RO S & ARk
EOE SRR E S Z R L T B,

=GR AR LTk DEIRE

3 Thermal oxidizer air blower¥HMgi
Fig.3 View of thermal oxidizer air blower

EERH LTV, BEEHON SIS BRI DA
T YT THY . RS & AR EOBI 55
BHHRT—> 7B L T05, EIDEIORSD,
=2 T ORI LEED A THEADHUE UAVA S
IR A, TRT DAY TF Y ADNEGITH T E B
BeEoTWd, T—Y Y JICBENICER. Bfish
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Tk &N B 72D R L VEE B X CHIERZ M E
LTW5,

iz =y MI—RBMEE LTHD, Kkmlic ks
Ty MaHE L, ASAM@ZI= Y MITRTD
v T MO I w7 7 e K 2 2mA =0 L
TWa, BAic7L— iz =y k DNEZRT,
fZd AR ZRHALTED, Vv —FIUEES
KUOAT A MaEZHEREZIC KD ZFLTWwa, 7
DK STHEEBATANNINT VAEAX R EN
TV AREIC X KK L. APIS73HIAS Dl 32 7 iy 7 fife
RLTWV2, iz, WzOMEFXEI A2y PN
WAAFICE DA AINNAETH O & U7zl s
T Rl% e HEG S N 282 %,

4 fixza=v b 48l
Fig.4 View of bearing unit

2—-4 HWWIREERYATL

70y X CEIKIEEIROIRERHZ BIC, %z
2=y MRS UA L REE 2D 2B L TV a, B
HNCH D A Te SRR DI OE S HE W & 75 B b
TRE CORMEERMUE, RV Ee Lo s nicE
TE 2 O Tt MBS K CIHEIEZ R L T0 5. JlliR
EHUA L IRBIE VY L ORI T 1T B X UEIK
TEZENZNHN L TRIELTED ., DA TF A
MR LA T T 2B LT3,

2—-5 HREROMHETE
asOfmkRrm & UT, H@AN—Z BICHE U 7oids
Z—RTH LT, #ifd 5 EMERENTVS, &
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RS CA TR DI R DO EFIR G H 0 . HafN—2
SUBICTIRIDN B > Teo HIBR—ZADF O FoRE 2 R
Zliilc, BaoREKELDM LTMEE -T2 X
S, MEFTEZRATELELUTMALTOVS, —1k
D 23 U 7o Z2 K 5 1SR,

5 BaRDo—kmD
Fig.5 Single point lifting of the blower

6 LGt
Fig.6 Factory acceptance test
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3. TR

THaEE . OB ZH AT TIRETIMEL 72,
PEREIC DWW TR, APIB73RIME B K UBIRERICK D 15
ESNTVAIAME, BEEZRE L THED . Ko
LWEER Lz, £o. 70U OIRE), EZEEIC DOV
TEIHFAMEZ TICHE U, BRI IkETH S
MRZEO NI, LYok 2B 6 1 /Rd,

4. BbWic

P77 T 7 mdThermal oxidizer air blower®
B2FH LTz, Mtldis, k7 D7 il T2 < O
AFHMZHLTHLH., mWMEEEOF 2T TN 5, %
OHT, 707 7T Y FPNTERERKHZHSTWS
e, SHBE. RiEOR®R, EEMEZ TR L. B
HOBHEMEZEONEXIBH LT HEFETH
2o

BHOIC, AT 0T OFHE - BIEC BT D Y% i
B, CHERTAC T BIRE AL B L P E T,

Rabigh Refining & Petrochemical/Thermal oxidizer air blower

<BEW>
(1) Petrowiki
https://petrowiki.spe.org/Gas_treating and_
processing#Claus_Process.5B3.5D

(2023/5/227 7 & R)

<EE@\N>
EHHE ¢ 20124E Aft, IS T T OFFEHICHER,
HITE, SUABIERRTHEE 7 0 UG
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CPGCBL,”Matarbari Ultra Super Critical Coal-Fired
Power Project[]{>MAIN COOLING WATER R > 7

M S RW=s

MAIN COOLING WATER PUMP for CPGCBL
Matarbari Ultra Super Critical Coal-Fired

By Yu Akiyama and Keiichi Katayama

We have supplied 4 sets of MAIN COOLING WATER PUMP (MCWP) and Sump physical
model study and Model Pump Test for Matarbari Ultra Super Critical Coal-Fired Power Project
from Toshiba Plant system Corporation. Matarbari Ultra Super Critical Coal-Fired Power Plant is
located in the Matarbari island in southeastern Bangladesh and power generation capacity is 600
MW=x2 ultra-supercritical coal-fired power plants. The user is Coal Power Generation Company

Bangladesh (CPGCBL).

1. I XC&IC

NI STy a NRIERIEIC B D THRE N 24
SEA RN IIFEEREER THD 5 B, MAIN COOLING
WATER PUMP (MCWP) 4 {5 & /KFEfERIGKER « SR> T
BARGERER— X% COTUMALTe, Ax2) Tndx
UM NV T TT Y amREO < 28 B E R K
ik & 752 5600 MW X 2 B8 4 g ST AR K 13EE
& AR AR T 528G 70y o 7 M T, EEE I
WS KB PSR E L U TREeMN b, RS
M2t W2 xVF—v A7 L AKRK S, #
SHIHIO 3>V =27 LEHAK L, 2—HiEN
V75T 2Dkt (Coal Power Generation
Company Bangladesh : CPGCBL) T %, A7 1Y«
27 h® 5%, BOP (Balance of Plant : Z&&x(Z—Y > «
B KA T — EDFRICHHET 2 B3 - Rfwtx &)

®1 KU LEE

Table 1 Specifications of pump

i @t @m%«m 7
(EHEAT VT T R

HEH U IETA% 84inch
2 % & 27 m
L 46 000 m*/h
H i 4 500 kW
I A% i 1k ik
a b4 4

DG « a3 K OB ER 2 Y LIcZ 75
b Y AT LR SR TARMEZEL TV 5,

2. RYTHERELUBELHR
AR TOMRZRTIC, R 7THIBHGEZR 11,
R THEZE 2117,

111 g

il

Eha

— =ﬁﬁrnmm

Ditljba:/lxd’

Q/%Teﬂ%ykﬁ

IJL_L;L,‘J"?IL/

A X

1

i — WAL

R TSRS

Fig. 1 Configuration of pump
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2-1 RKUTHE&

KRR Y TEHEFFER 2 T 2728, IKEEDR T
HOIKZITDO IR Y Tk Z5 [k & DTES
TIWT T PREFH LTS, BIEATILT T b RIEX
DREZELTWS, Wilizr— A, KHiliszs2 2 2k
ONE—RREN B, TIVT T MEEICEHT ST LT,
R TR Z RS 2 &7x <, Ak XTIz
1 EEBAG [ 2R < T EDAIEETH %,

Koo Fll—ANGE TR T 2R 29 iliszEK
FliE 45 K URHEMIR O, > ¥ TV EE DR i &
ToTW\W5,

X2 R oE
Fig.2 View of pump

2—-2 RVTME

AR TOFEMEIE, KK T  HRAT
LAZERHALTED, AT ZHRAT VLV AFMN,
HHUARTIL « BEAL - B LTIV - Bk - IR
JEIKE © THRAT VLV AMOERES. il R
ATV VLVAMTH %,

3. ZKAERREL R

R THUKMEIC BN T, Ry T O REERIC Sz
ERTAETMOFRLEOREZRMNIT S T &2 HMNIC
IKHE AR G B 72 S0 U 720 el B IZANSI/HI (American
National Standard for Pump Intake Design) 9.8-2018IC
%ﬁwfﬁjko$7Dylﬁkfd4ﬁ®ﬁyf%%
AT %H, B3RSO K S ICHUKIED 2 59

INTERFIBIRTH 5728, 2 57072 Bk &

U KM Z2 ek L7 (B4).

CPGCBL,/Matarbari Ultra Super Critical Coal-Fired
Power Project[f]{¥MAIN COOLING WATERK > 7

LRV | BT

N ,
I z
\\‘ %
\\

777777 ////

7 70

3 R THUKHRNE X

Fig.3 Pump sump image

X4 sk
Fig.4 Model Overview

B 5 1 /KRR BRI ] U TeARRR > T 72 kg, R
VTNV AR D THAET B, R TIIE. K
BIRICHKAF L. R TWNE (F X575 L) ofihuc K

WEIKIZEA LN ENRNICEDN TS, Z

B

B5 FKAERAERERR > T
Fig.5 Model pumps
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DIz, R TORIREIVEIIROAERE L [F— & Lz,
FRRLR > TG NEREE DTz sbic 7 7 V) Ll e Uiz,

FRREATIC DV TR IRDFE IR NFHEICARTE L
HNMEERELRT K257, KNZLWL, st
KRErAaiiim (R RED120%) & L, Xk,
EBMOWER L LT, hhkmiiE. HWLTOMA Bl
& St U 7z

9. HYEHE SN TOIREEIC TR 217> 72
LA, BRSO NRAN D 2 8LH0. B6
WRT & 5 BKiEs R E Lz, 22T R7ITRTH
kA 12508 2 I BE U C R RABRZ 1T\, KA
FELENT & RER LT,

K6 /KHifFEA
Fig.6 Submerged vortex (Back wall vortex)

7 i R
Fig.7 Antivortex device
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4. R TIREEER

ARV T FE—2 1154 500 KW, H:H LE46 000
m’/h& REL, THTOMELDPRETHZ T LD,
FRRR > 772 84 E U T REIERR 2 52 U 7. RABRI3JIS B
8327 1 2013 (BRIC X 2K T HkfeiER /1) ICHD
WTATo Teo B8ICHRIR Y 7B E DI Bl 2 R,
FRR Y TEWEANIV I S U TV R X TR EMR Y
TS A X5 BHRL T3, oo HUKMICEK
FE RIS BR CIARTUE U 72 il by I 3B 2 3R E L T
%o TR ETOMEHHICENT, tHZzied %
FRM A BNz,

K8 MR T bRdsE s e
Fig.8 Model pump test equipment

5. BbWIc

CPGCBL / Matarbari Ultra Super Critical Coal-Fired
Power Projecti@lMAIN COOLING WATERR > 7 DAl 5
T U 7o AR Y T3 RERRRLE R « K > 7RISR -
FREBE - T ERER - £ 7O VIRGEER - HIRE 2 I
(0% ;3 3 batfs s ¥ G Ol

IRIRICAR > 7 DRt « RIS B 72 D A& URiEY) & s
B LA )2 THWCPGCBLI. 2752 b AT L
MR DO BRSO K D OB ER LT,
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<BEXH>

1) HWZTF 2 by AT LS R—LR—Y
https://www.toshiba-tpsc.co.jp/pdf/topics/20170912.pdf
NV T STy 2 NRHERIETHRNK I FEERAGER L 52 2T
(toshiba-tpsc.co.jp) (2023/4/57 7% X)

<EZBN>

Bl #h: 20094FE Atlk, i, YRR R > T OMERRR A
WChHEE, BIE. KBTI 1 3 1T

Friligei @ 20124F Ak, R 7 Rl K OFRARER R O
WIZEBHRIC e T, BIE, Feffifffgeit wigeat AT,

CPGCBL,Matarbari Ultra Super Critical Coal-Fired
Power Project[f]{¥MAIN COOLING WATERK > 7
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CCCHEIELTVWET
— 2022 F HSBN-
1. K7 CE2)1HEKR]

1—-1 BEBMKEARILREE
FREHIRZEKFERERFR XS

(1) Az

AT HE, BUEOHKE—HEKEE &8 ) 15 NH K
GBS Uy BTl XS 2 89 5 C & T, R
DK RO S U2 i d 5 2 L ZHINE
U7e LHT. 20234 2 HICsei L GERD B E N TV 2,

(2) R

RORME LT, HRE—H/KER3 G (9.7 mY/
sec). ENIZNPKR 2 H (4.0 m*/sec) Hat 5 BDOHE
IR THBEL T3, BEHEEIEICBO T, s
EEENMRHENTE D BRI & OIRSE
FHERE DI E D R REN A X 2 AMBEZ B LTV 5 12
b, EERFEOAHRREARSN TS (B1),

1 REElRRRR > T

(3) ALk

(h X —HEkR]

o 121 500 mmAEHIRR AR > 7 X 15
5.1 m*/secX2.9 mx210 kWX 123 min
(7« — XV ERED)

* %1 000 mmAESIIRHRAR > 7 X 2 &
2.3 m*/secX 3.0 mXx95 kWX 189 min
(FEBIFEXH))

o %1 000 mmAeRIRRR AR > 7' X 1 &
2.0 m*/secxX 2.3 mX 70 kW X 166 min '
(7 ¢ —B VB ERE))
o %1 000 mmAeFIIARRR AR > 7' X 1 &
2.0 m*/secX 2.3 mXx65 kWX 165 min~"
(FEBIFEERED)
1—2 WA ETKER
REFTFKERY TIENo3RKR Y Tikde
(1) #Es
S RAKR > T HE, 19884E 4 IS I BAGA & N,
BIE DMK FEKAE 12 050 m*/minEH L TW5, &
M, EM{E U7TeNo.3R/KER Y Tlm D UERE #2175 1=
®2),

2 SRR T

(@) FF

UESF KR Y THIERIGBICBHE L T B s, KE
ARE 2SN LTz, T OFER, KEKEFEHED200 mg/
L7z KM EE 2 g KA L TWa T L2 R L
feledd, R T EMMBEICOWTHELEZIRE L, i
HKPEIC TSI D H Z MEME LTV 5,

O XN XS XN XSS XS XS XY XS XIT XS XY XS XY XS XY XY XST XI XIT XS XY XS XY XN XSS XS XSS XS XS XY XSS XY XS XY XS XTSRRI ST
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CCTCIEHRLTVET

leedeedeedeedeedec)eg)og oo locloelecIeeledredredredredeedeedeeoc)og)ogloeloeloclocleleelreleeldredeedeedeedeedeeoc)oe) o

(3) Ak

F1££1 800 mm RO 7HIBHAR Y 7' X 1 &

480 m*/minx 12 mX 1 300 kW

(F«—ET vV Bk

1-3 EEREGASLRK

BUERRERR ERKRYTEHR

(1) A

BUHERFEE A HTR IR EE A RRICALE 9 2 BN ERE D
PK2OKTIFECH %, AFEHEIICIZ/KEFE T HE K
DIRHIKIEG 7 E I & N2 FAKR Y TH ik 7z
GHEAEREINTED, 205 BSEEM I 2
BEH LT,

(2) W

R T D — 2 J GRS 0 BT 2T
) — XD EMZZEH L TWVE DA TF AN
TTORTNED RS> TV 5, HliFEEE A=y —
T, TIvoyTIoA4VicidvarrarensL—42%
R TR B2 ZRET 5 X5 IC LT 5,

SEBEEH OO, BHFR 235 L5 R
TDOYGA « U I7R EEAWEZ AFICEEL, B
HTORSE THOAHZERT 5EDL Uiz,

(3) Ak

#8400 350 mm  BEEOARRE R > T X 2 &

22 m*/minxX 45 mx 230 kWX 1 500 min '

(FEFHEEEKE) (E3)

3 BEllm AR E AR Y T

1—4 L&TEngineering Limited#ZHH.
HPCL Rajasthan Refinery Limited (HRRL).
India@lF. Sump pumpfAA
(1) A
HRRL, India“\Dual Feed Cracker Unit (DFCU) Dl
Nz 2 7ICEMEINTA AN ZRET B TzdIcfH
bNDNARZEMER Y 7 4 B s 52 A LTz,
(2) 'kt
WEAR T 27750 Y0 RICERREMNT SN,
API610-11th Editioni . /NIETH D EH 5 A X
Z B AR 10E% TSeal planid53B UK ZHRMH. 4
L ODMW, Indiahd, FRit &S HEL A DR TZIHY L
7zo
(3) Lk
* SKIMMED OIL PUMP
7840 mmiyZ B2 BHE R T X 2 5
3.6 m*/hrx58.5 mx5.5 kW
* AROMATICS BLOWDOWN SUMP PUMP No.1
P840 mmiZ B BlER Y 7 X 25
2.5 m*/hrx55 mx5.5 kW
* AROMATICS BLOWDOWN SUMP PUMP No.2
7840 mmiZ B2 BERER Y 7T X 25
2.5 m*/hrx54 mx5.5 kW
* AROMATICS BLOWDOWN SUMP PUMP No.3
17840 mmiZBIZERER Y TX 25
2.5 m*/hrx56 mx5.5 kW

2. EREE
2—1 HREBBTKER
BOKBELY2—XAKS S

(1) W=

FVEKEEE 2 —id, 198 14EIC R U 7z /KL
gz T, FRNDOFICNIEL T B,

VIRE TS = S IR WS e E X bW [ IR NE
e REMEO—ET, WU 72K R FBICHGR L TV
%, Ele. TO—HEZWAMEL T2 Z—NTHEKOE
P WA b A LRKZZ I LTV B,

Slal, BIKEAE > 2 =R EREEICERE U Tdh %1k
AR AN EF L LTzl TNZERREL., HELDT
HTH AL Z—RT 0T (AM-Turbo®) #&i&
Lz (®4),
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leedeeocdog)oglogeloelocloelrclrelrclredeedeedredeedeedeeoc)oelogloclocloclocloeloreleeleedredredredredeedoeloc)oclogeloclocioc

(2) Kt

AT, BTFRINVF—BXOCAYTFVAIA R
R RE UC201THEEFE TR IVF - LT
R EEREE %2 UIZAM-Turbo® 2 M3 % C &
T, SRR E d & O AR (M & W o 7oAl Ay
AEEE STz, TOTDHORALE R & He X THiRE
WOIE L AV TF 2 A KIRICIKD 9 T & THER?
R LT B LT A YT F AT A R OYIENT
T, FREAEIINVFLICE REHRT BT N TE
B

(3) fkk

H1%600/500 mmAWGA 5 X —HR 70T X 1 &

460 m®/minx 72.0 kPax 700 kW

4 [1££600/500 mmEGHML X —RT 1Y

2—-2 EBHERRRERERA
)IIREPRIE T AESE
BHAREMERELE XA
(HEHIBEPTVIRBEETSE)

(1) s

FNEEREH L  > 2 =&, bt E T RTINS
NZRRIICH O . REEAIRIAE LR EEIC K 2 HiR
K13 390 m*D/KUEE 1 ZH LT\ %,

AlolEE U SR B 2 — R 7, KO Eifk
MR B T 7 L— 3 YRR 26T % T2 dicff
Hd2% (®5),

(2 %t

AE AR BREDAR & U CGAERS O T 1 %2
FIA LTz CRET 24 ANV I A N Z2WS [T 28R
FWOIARENSL—RY AT L (MSS-0) ZFA LT,

(3 fhkk

F1£%250/200 mmiR L B2 —R7n T X 15

60 m*/min < 64 kPa>x 110 kW X400 V

5 MRZERA—RT 1Y

2 -3 {EREEWMITEWRE BIEHR
BEVRYEINA AT AREFREHA
RAST7 7 /A

(1) M

GO DBNA A< AFEERAFICRA ST 723

BEMA Uz, M7 7 3R BB T MDD
ZIEERENE (CFB) RA T OffHias & LT, BB
ZERDIL D IAA B X UHSHRE LT EN S,

(2) R

HECE D IINA A < AFEEFT TIIARE A A< A4

K2R UTES N8 2 X — B VR TREICH]
HLIz0b, 2R EKIIS TRAIT 2 iER RT3
R, REIAMHEIZ ZRE U2l T N ER kot
e ORAAIRICHE L e HBHEEZITT> T 5. Y
%7 7 VA b NI Ui B AIFROBRWET
JVTREGET L. FTNE ) OEIRIC ERk L TV 5,

(3) Ak

s I XIHAT 7> (K6)

#16 A X — RIEEMEX 1 B

2 845 m*/minx21.1 kPax 1 280 kW

s 22AT 7 (B7)

#13HWEA Z — Rk A X 1 &

2007 m*/minx 11.1 kPax 510 kW

cFH5T7 7> (H8)

#12MPA X —RIXEREX 1 5

8 761 m*/min X 5.76 kPax 1 230 kW

O XN XS XN XSS XS XS XY XS XIT XS XY XS XY XS XY XY XST XI XIT XS XY XS XY XN XSS XS XSS XS XS XY XSS XY XS XY XS XTSRRI ST



WAL Vold7 No.l (2023) CCTHRLTVWET

6 1JAT 7> X8 577

E7 274A7 7>



HEE TGERE  FFE R TR TR LT

BEEMFER Vol47 No.l (2023)

RRESTKERE EFEZRVIMRY THREISRE

FFE RV PHIIEKICHER T N B HH O R T
Thd. MK ORI Om7KIE ET R Tz #th
U CHHAIINBIRE N TV B, T 517K R e
U CrRZKHKRE /D igas 7z HIWIC . 75K TR
WRKRY TfizRiET 28D TH 5,

KR W2 DN TG TR > 7 O K RN
M7zt Ed 2 EfiObiFE) (WFZEiE : 20184 4 AN 5
2019 9 H & C) 1T THEUER MKE R & HFpFst 2
T, MEHBEZERK U R T2 AT 2 THTEH
%5

HFEWFZEDO B, 28k U 72 RERRIRTTC R L2kl
XIS % 728, MRS TR/ R > 7 D7k Hlfisz £/
FEIRFIAINC K B R > TR DHIF ZRERI TN < SR
LR 2 4 R T & 2Kz 25 L Tho
2o

C OHFEBIFRIC R Uy FZAMEREIh OH %Rl & U T,

TR > TR > TR AR Z O 2 THTMA LN
KR S THI T « —)U REGE (AR 2021456 A
SHMH20226 HA2HET) Z5%ET L. ALETE
T OIKHEIZ 2 MR AT B

CTOURVITRT RS TRAGOBIE « i THF w2z
HL. BIER E Xzt OBEREr - #EhT
H%,

ARV FFFATRRE () EIBERT R R
VTR BUE « PRI IERIC B AR ) & B
MRt Z 59 %, 95 LR ED SR Y T TRz %E
T2 LR, HAEA VT SOIEEHS L LT
MR & | Z22E TSNS 2 FRERR AR D 72 DI AR
AIRTHH . 5% BEMCEDORN L2H—IC, =t
OFAS A D T8, Mk RS2 ) T E S 2
JEFIL TS FiETH %,

CCH kR H)

®1 KU 7Lhk
R T4 i U RE iR EEIE HE
%1 350 mm
MKR> T FATRIE () B 235 m*/min 125m 680 kW 4
EEEEERS T RRR R > T
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BISURBURIE  BEPKBS R > 7 R SR L s2iE

MR=BRE
EPRKEG R Y TRIERIERTIERZ

TDC, BPHEAEE R > 7 i s a7 252
U7z

Pk IMILIE S 2 e sE . #idREHTB KT
SH IO P IRINEOR T, TLF RO BT IC
o MEPE—HH evbnigathmhisshniz,
BIEIE. EERE) R B REx L TEmEne
KRR & D BEERKDMIEGE . R R
HEDBAITDON TV %,

U LAEDS, RS & 038K E Nz BRI
IKBFIC BT, EEIC K B8ORS - s
EDORPDHERENFEL TV BIED, EMIKIC X B ik
OMREE AT THD ., EEMKDOLE RIS 2
RKLTWBRNTH %,

T D, RERKOZGEMHG T & UREKHMERD
HEFRFEEID T & 97 DRz X % 728, BLEiePIEK
155 O VAT HRS DR E N, ATHFICTEB T,
RVORT R TRAGZHHRT 2L DTH 5,

BIfE, 20254 1 Ho5elz gL T, MRS
B R UHEIARE T ORI EE L7ciR & 2% £ 5. Bl
il « BFHTH %,

AR = S TIC B E L2 9 2 itk & LT My
VRN DR > 75l TR 2 i 1.9 2 & & Bl kR,
LN LOMBUC A RTH O, 5B BEMGEELD
) B2, Mk 3Bl 1l O SRS 2 i 9
BHECH %,

(CH - BHBT)

::;%‘7 == i——— =
ED i |
LT L
i B |
L] No2¥HK>7 ¢700]T] !
i S : :
hper 4 |
e T No1 kR 7 0700 ||| +
BT T
——4 A& l "
‘ i = | T
' Il
|
1 BTN
x®1 KU Tk
R THFR iz U R IS oL 1Pl =y
1. 285KV 1£2700 mm BEEEOAHERS SR > 7 65.88 m*/min 21.7m 7K 300 kW 2
3RV 1££500 mm B OAHERSE R > 36.00 m*/min 21.7m W7k 167 kW 1
45RT 1£%200 mm KEEmOAHEGSE R > 7 4.2 m*/min 21.7m ENIVS 22 kW 1
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