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Development of Hybrid System for Transfer Cranes
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Takeshi KAI
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Noriyuki NISHIYAMA
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Transfer cranes
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Recently, the clean energy to prevent global warming
has been attracting much attention and the hybrid
system designed to reduce the greenhouse gas and
fuel consumption is becoming popular to be adopted.
Transfer cranes that convey containers at container
terminals are incorporated with large engine generators.
Therefore, they consume much fuel (light oil), emit
black smoke and greenhouse gases and produce noise,
which have become problematic. Perceiving lithium-
ion batteries as an electric strage, Sumitomo Heavy
Industries Engineering & Services Co., Ltd. recently
developed a hybrid power supply system that charges
a lithium-ion battery with the energy regenerated
through the lowering operation and reuses the energy
in the power-running hoisting operation. This hybrid
system has solved the above problem by controlling the
output power of the engine generator and downsizing
the engine generator to approx. one third of that of the
conventional type

BHERMNAME S5 & & 312, BE - \EMER T 2 0P
BIXUBES L ENMEE R->TED, Zh5ITRT xR
BEREEESTW5,

IO EOMIIC, PERITBBEE G Tz b T V2T
72 L=V OEFFEERLZ EOBET XL F -2 EBEE
ICEEL, A vy — 2 BEEO T EERRCEAIAS 504
7Yy FEFEECEHMEE SYBRID SYSTEM®)ZB¥ L
i

REGEIE, FHEREL X OCHIARE TRk Eh, vo v
FEREH 54 v - 2 BEFEAERTIEEATHIL, R

*EREEBI D=7 TH—EXHASH

FEREEMIEIR No.170 2009



279 L—CANTUy NEREBEDRR

AEDDZ T e WRE )

' ! : - HH 3
,,,,,,,,,, : i LA B

S IR
,,,,,,,,,,,,,, elﬁ]iﬂj’m{m

=D E B IV E 3: EoGE
12N — s Ol (ﬁﬂ‘* Bt

S ———

eliﬂ#?‘é{fm‘

S
(&R, RS

| ST s R OHT
L PR e ] o

a@?%ﬁf (Liﬂil///% Ui CE nu+ %M%‘?ﬁi

HERDEIEE

Existing circuit configuration

X2

& E &

Hoisting up operation

() e

ShtE s |

< AR i

4yr5— &‘Tﬂﬁﬁ
vCB LY, BT
io K UREFT)

(Do
97]{]“#%0[(”@

<*[EH:HT¥(r

%iﬂ%[ﬁ]i@éﬁi i%dh«?ﬂ%’

FEBODE

Hybrid system circuit configuration

=3

RN *EREEI MBI LIk, TV Y UREM
EREROW/SERIT/INILS 5 Z LB 572, T2
Tk, ARBOBMBEEER, V15V AT 700 —VADOEA
HENZDWTHNAT A1),

2 2& a[:[:

FAETFLE-ERAETERELE LTE, R _EHEF v
ISV A Sy r VREEBMR) Fy a4 vEMIIRESR
5 2REM, TI5AFA - NLEENELZOENS, ThThD
ﬁﬂu%ﬁ'f%%,ﬁ%%iwmﬁﬁﬁwehfné

BROEBEF vV AL, 2KEMIZINT, NEEPIA
mé<,@F%h#méw,mﬁﬁﬁﬁmw,%ﬁﬁﬁnt
Wo 2Rl AH 5, LaL, BEMSMED, TXLX—-EEHN
INEWEWS EREE D,

2WFEMIIZETEM, — oy h F I LM, =7
AKEBEBMBE L) F L4 X VBMAEELRD L, BHTEY
FULAX VEBITIT ALY -EERE, BENED, X
TY —FRB AN, HOWEN D WG EORIELRH 5, 7=
U, BEEIC L 0FaSEL &5, WEE AR A 2 HR
DfEBMEN 5 55 EDREERDZ L6, HARHIEH
PSS O B MBI R RIS R E 4 & 2 EE T 5 DER
b5,

FS VAT 7o L—YO% ETHE, B #UE kX0
HWE»SERE SN T A LF - ATt LU 20T
INE - RETIREORX X EZELT, BT LT —
BEL XOCBARIREE VI RFRE S O8N FU 44
F UM R L 22Y@

SRR
EELRE

BT EE

Hoisting down operation

X5

S TEROEFRMEBIBER S LVEIE

WHKDNT VAT 7L —VOBELXBIPEOIEARELR %, X
2187,

T EEERE BRI A VN — 2 TEE X N TWh 528,
INSBEEPIINRE 2 50N TOARMIIY LTy Y
VHREENOREBELTCWS, b AT oL —Vid, EiR
WFECEEE ST LB AB DR L, BAEEREED T 5L
—IFEHIZDOBRIC & D BT 3L — 12450 & TG
HIN T35,

4 FEBOBAORERS LU

BIZRT LI, 4 VN —Fa2=y FHOME Fﬁﬁ@a

4y IDC/DCA v /N — A RFEIE T & TRUK T % A%
EHARET S, &b, DQ@CS/A~5?%$&%d@
B, B LIE—HTHF 2 — oI 5,
DC/DCa v 3= 21213, v v lfIfsEEL LToR
JEa VN — 4 L EBREBEMHIEREE UTORBET Vv —
BhbHDB, FEITVN—2IF, 0D UREED, S BTG
IR T 2 BIRMAHIET 22D TH 5, WBBIKOAMREZE
BRI L Tid, =9 v e o 4 3 R S g >
UV RBEATTRE T 5 Z eic ko BB il T 5,
FARED N —21F, FREED S BRI ARG 5 IR
EHET2EDTH B, £7-, BEES S DML EEE

WSS S MREE > T B,
41 & bfEEREF

NI VAT 7oL —Y D% EIFEIRIFICE, B4 T &
12, BEHESLELTIEREL Y Y U RERL LOEE

FEREEMIEIR No.170 2009



N Ty FEREBERT
Installation of hybrid system
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Wind Tunnel Test of LLarge Cranes
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Wind tunnel test model of goliath crane
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Large cranes used in outdoors are typical large structures
that receive big influences by the wind. However, unlike
long bridges, whose design generally involves wind tunnel
testing to check how they are affected by winds, there
are only a limited number of reported cases in which
cranes have undergone wind tunnel testing. Since a
crane consists of multiple members of different vibration
properties, it produces three-dimensional vibrations.
Therefore, it is necessary to conduct a wind tunnel
test using an overall model, excluding cases for the
examination of the local vibrations of members. Based
on the results of wind tunnel tests with cranes that have
been conducted, this paper has reported the special
vibration properties of cranes and effective wind-resistant
measures, and described the precautions on producing
a model that must be adopted when conducting a wind
tunnel test in order to solve the wind problem of large
structures in the future, as well as the evaluation method.

ORIREEYITY, TR [ REO MR 1R EBR 2 FE i &
TWb, KElZ L — v & BA T 2 KARGEM TH 5 Z
x5, I KB BN IIREERER & 1T > TRET 56 Z& 283K
»Hohs,

ARFTIE, KEIZ L — VITH LU TT» TE 2R L,
Z DAERFHE L 7=t RIS DD TOHE 2170, SHAR
HEEYOROBEORYZ, BIHGAER#1T5 1472 D FRE L
THELINERIIONWTIERS,

2 JL—CORICKBHEE

V=V I3 OREEM O TII KRB EY T3 d 573,
WFAIED & 5 7%1000m%E B A 2 HFHRIT IR D & BN
&L, BMIZEDRIZHEL DL NDOT, BRICHNS &

*ERSEMI =7 >4 —E XK ett

FEREEMIEIR No.170 2009



X - HE KBIL—CORBERR

=1 EREAEBRERE
Past records of wind tunnel test
FH- Hehi JR R oD Rl
1992 avFFoL—v A ER
1999 800tTIA T AV L —V FFEG - B AR
2005 0t 7oL —v Bl
2006 1200tT 54 7 Ao L —Y Y - B ARk
800tTIA4 T AT L=V LIIEN
2007 600tTIA4 T AT L=V E%@%
600tTIA T AL L —V B ERIER
2008 600tT T4 T AT L=V B kSR

#1200t 74 7 227 L — VP, R EREN L3RR S 1t o0 JE A 1 TR,

VAYKR=T) ¥

ol

aryrroL—r

N Y ™

TIIATAIL =V IToL—v

X1

Wind tunnel test of container crane
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Comparison of large structures

Wb, ERERKT Y =7 V7Y — AR SHE(SES)
TE, 19924EIca vy 7+ oL — VIc LN A REBRE 1) %
Fha LT, JBHEOWIEEX > TWb, 20Kk, 19994
12800t B HA TS 4 7 Ao L — VY OBRIZ Y- T,
JRff EE EALOFFFRER SN A T, B X 2 IREHF RE O it 2
OHIFRER L FfEL TWb, 72, YT oL —viTxtL
T IRBEOTER OB 1T > T\ b, ThFTIC
SESELTHEMLEZ L — v OJIIRRBROERZEF 112,
7L —VOERNERE L ER 21K,

3.2 AFHEROZER

JEFAER TR T IECRER r — 22 Tk <, T3
WEREE S HKBROIETR 27 5 2 &2 6, TIHEEARR D F8IC
ML & 2450 % B 2 MR H B, LA L, BIHEER %
19 &5 %0 v — Vi3S A 100m % B A 5 KAUKE Y
Th, B OMEIT DL 12 & 2H8 2 6 & EEM O
Yy, 171008208 O R a B & 2 3585 %0, FfFIYER
BROBGAE, IS & BTN E DRI EORENEMY % 5
AMETREAR L 12, 2L — v OSBIBREMBPX® 57503
OMIEIRITH D, FEE L HEELLThD, —7, B
BRI, MR U 7o IR RAR I RS &k B RE) A& Fe X
2ZEn5, AEETTEL, HIERERE X S ICHREIERC IR
EMERE AL X ¢ TREUL T 2 BEDY B 5,

JRHREE 21T 5 & 5 A EXEOHE, #— & LIRS
BEL M CTh 22 0% <, JMIZX B4 — &4 DOfRE)idH —
LI ORI TE + 53 A HEIRMEE A TRETH D, Lol
oL —VOBAH - LT L, 3 WITH & iRE)H T
5, BMOREIRBIOME LIS T, AN X 5
TEER & F2hE L C, IREMIREZ IR T 2 0% 5 5,

33 d74 7RI L—OiREFH

IJV—YDENPTERERE LIV -V THETTAT A
oL — X, BHTOFRGHE & SR A A O MIZ X D [HE
DI V=V THRI V-V D2ME0OmDBENEAET S
o, ThEZ7LV—-VOAELKIBICEMRLZZEI12K5
ERTHD, BUZKZIRENKT 2 - BOFENBEL k>
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IS4 7R L— 2 ORRHAR

3 . .
= Wind tunnel test of goliath crane

X - HE KB L ORRERR

— VAR
—— 7 — &R
—— fEIMRE)

g

s

=

s BEXREGE

Wind speed vs resonance amplitude

[ kB % 0.2 Hz FE%

WA BT ERE € - H—x

[ 4ikBy % 0.9 Hz FEf
E RS € - F

[i 47 PRy £ 1.3 Hz FEkE
FRA BT RS € -

JSAT7RIL—DXEEREIE—F

Primary vibration modes of goliath crane

X4

2o XHI, TTA4 T AL L —VIidEIHATBIESZLT
2 R ORI & S ST 2S5 LT % 5 — & 35 KO
FFEHEF LT B E VNS =D DRk 2 IREIMEIR % F
DORREIC K DR E T3, ZLT, #F— FiEEDFEMHR
g, RO F — FRE B KU — & 28V RIPEDE A
MIHIRBIMEIR S B A 52 25 8, Rk REIEIR &> 2
ENMERINTODE, Thbid, BRI & 2 JRiRER &
1T o 7= AERIE T & HREMIkTH 5,

INFETICSESE L CiGRBE & EfL 72T 54 7 22
L—Y(R3)6 T OERT - 205 rn 6, LELIRITE
— P& ZOIEX %, R4kLUCRS5IIRT,

(1) Wi EERE € — Fldis s & 7 0.2 HzFE DA
BTHD, W< DL -V ENRS, &
DIRFYE — FIFRBUPEMRIEDS K E < &5 7 X M BE
Thy, SEETIINE LRIFIZZS, LarL, KRS
A4 2 AN IEF ICIREN TH O, BUAH 108 %
b§ 5% L BEUCIRIBIZ N X & 5,

(2) H—FOEEREYE — FIZIFIH LT BHi BT
MR CREN 2 IR8) & Wi TN S IRBIA b 5. 2D
5%, [T — FORBE SO EH >, —Hkix
7R X DHROFIH TR & 5 AR & 0 BET 510
RIS IEEIIRIE AN & < HREE s L OJalA & & R
EWNTH D, 7L — v EBELTOHIRMERE LR 2
ED SPEITHHREOME ATV, MO 0 M M &
FT5ZLEnB, LAL, BAGERTKL &5 ZEE
MO TRAET HIRE O L, REIRBTH O, WED

fElE -5, 72, WHHE-FLREUREITH 0,
B fER A > T3, 20 6 FEHRE) O FAERED
o3 2 BRI A 470, BENIIE U TR A LB & 2
%,

(3) HEMOTEIRET — FIZiZr L — v ORTHIA, ET
HED 2 FEZx LT, 2 KON FEH TN 3 RS
EWHH TR UODIREE — FA3d 5, Tho DR
HREOEZ D IZADET, BHERBHHROEKNE - F
ST ICBREMICRA$ 52, & OIRIT — F & IEHE
THY, R LBRA NS IHREGE & RENTH 5,
H— L OMMREF L <, HARBGEO R LML L E» 5
PEITHHBOMES #1700, TR R O BE: % a4 5 2
Lekb,

3.4 JERREROFHE

BV — VI L2 TG a 8 CHAEhBEAY S
<, LIGOREREEL ORI 25 12 & 0 sREA K <
JREAREX NS AN B, AR TR h - IRENE,
MRS & 2 o L — v ORUREE 721 ¢4 <, BUbRN %
FZRL72D A TaHMi T2 DEN DB, RV —VIidH
Py E R AR X85 L5 L E A TV 525,
FTARTORBE — F23Z N SHHIT K0 —hRIIEBEE A
ENLV, ZOT N5, WEEMERED M T 4 I fE kRl o
Bl A 4T 5 B e <, BIREIE — F Z &0 2 Bk s
REB/ELTRRETHOVEND 5, DF0, AL H
o v — v OB, £ v — v oA IREIER &
WELEDOWED > 2 TeHliT 2 BE,RH 5,
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X - HE KBIL—CORBERR

H— S REBICERE L - FIREE

Tuned mass damper set into girder inside

X6

4 JL—>OmExtE

JRUZ & BIRBIOM R RSB E £ 558, 7L —-v T
fi 0 REAT 5 E OMBIVEREE 2 U KT &8 5 0 RITE
TS0, B, 2LV —VOEHER L — YOS
VEREIC KR E A 52 5, IREPFEAEGEE & 115 2
Lo, —REPICES N B RIMEZ U A E R, HEE
12k B EEVEREDIL T AR L A OMET T2 B E1H 5,
BERZ e LT, 94722 -0 EEkiRE)®
— R % il SR 4 7R3

(1) WIMOIESEE — Kzt LT, WM~ oz
JERREZ & 6 BRI E Z T B — AR L0, E
AT IETNS BB D 2 DT, 22 3E L
THHRT 2 Z EBTARET & 5.

(2) H—FORHE— FIHLT, #—FoEofrHng
BAH—4 L&k o) 23 BIT T3 2 8,5, BREHHE
BY A4 TR ELHR A2 5, RO N — & THji X
NTWB LS Az & 2220k ik, 5 & filR
IRERD Z LML,

—HIIA T AL =V DH— ZPRRIZIZIEREIZ A Z
GRS DL ENE, H— FPRBANOHIREER6)
DFFBEIZRBWHEDOHN R xR e kb, 72720,
H—& Lo o) OREIz & D EEREE AKX 2L
FTH5ZEn5, HANIHRMEED b v EENEE MG L
Thhrinne, +oaREORMM’TZ &< & 580
DY, TENVLETH D,

(3) MM TERENTVWIZ D, —ikIyx A3
AN T VL= FMR7NEK B2 HRxT R & LT
RN TH B, ds, FEHIZMREMTIZS %728, 2
FICHLTRC & ICIRBI L W2 & h 56, REL
12 & 0 sREJRIA A IRAE X hdud, &0 RER 2 A R
M$5ZLE0MTH %,

S FEIETOWKREE
HRFEAFDL200tT T4 7 X2 L —vOIZBWTIE, &
TRRER I & 0 JEPR U 2 4REZ ) L ¢, BT & BRI o0 AR

MEEZER LS 2T, W, #—sBLU0REHzheho
HIREY T — RIS Ui R A KR L T2, RS, A— 4

ANAZNVTL—F

&7 Spiral plate

TRV L 2 HIREEL, 2L — VHLBRISEIRIC X B IR
AR A N L C, BE L BIHRRE 2 IR A N B
TERMERLTNS, k72, oL — VERBGEE 1A RIS
D720 IS & B IREPRAOBIFEEM Z T, @R Itk nT
L EOMEMREE B LT 5 Z L (AL TV 5,
6 LIV
(1) KBRS 2 J0RER 1L, Mahd 2 iREE— 1
DB ERITLD, BEERTI 0T 5HMEEREL
TREAE TR OB 21T, % T 5 08085
5.
(2) WEEMREAERE X T A W AT Y 0 JRTH 3R
F, WL Z LA < BEONBORE I & % 3Bk & F2hi
LChE, EROMEAIRBIE & Wt 4 Hle s 1 m ek
BEDFHIi 2175 2 L B ETH 5., W& R LT 5
&, fORBE D 5 I3HHET 5 Z & D KHERIE E OIEIEEE
IREIE—-FERETEI NS, HENVDETH 5,

SRIERIRIEIL AL & JER 2RO B IRUE D FE2E A
%, #MELARBIERERO>LE TS RGN,
Sk & & BEITIE U TR SR I & 2 M EERE O FFlf % 17 5
ZEHRHEND,

(BEXH)

(1) EE#BEFBEER. 7L - EERR BEEFBHEER 53995,
2003.

(2) KB HREAFZIS A7 XU L —> OBERF. EREREE
R, n0.170, 2009.
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Inference of Current Consumption Analysis for Electric Forklift Trucks

®H ®H # oL

Atsushi HINAMI

EXE FB-E
Electric forklift trucks FB-E

ek, WBART7+—JU TSNy TUXT+—7
V7 bADRBREFDS bRIJIERZLRATHS, 1%
BLY THRETRAREOHETEE, BRIICITIVE
BHofo LAL, COEREBERICEZECHHPKREL,
£, BRIBEICOSKEFNELEETHENCIE,
ENICHTLER/ENNS DT> I T,
BRRBEPOEmICAER WY M, BEFRHT -2
@I AHCET, HELHAUERHREZHET S
AT LEREFEL .

DY AT LTI, IR, EEELAESRS SURE
KB THRETRRET N, BEOKL S 2HE,
EESJUMEEBEIENDIHETRKS £, LTH
BEZEMLEARITREL TV S,

1 FzHhE

VAR, BEMD 7 x—2 ) 7 MW 2 REAN, ®Beb
KO =232 MERANOBIIEF ICE <, EE AR
LhoTW5, ZhoOBEIZFLEAFT T 7Y 7L
v F Y v rBRAS{E R > aMA) T, E#ERE B KUK
MEMBEDOm L &, HljREIc K 5 7 S u—F 2 HE L
R E LTI ATV S,

—7Ji, BEMRIZEWTY, (RREHER A OHGH AR AR
Tx—2 07 NNBRE)»S, SY=VvraR b BLURE

AMEY 77’0
Engine powered forklift trucks QuaPro

Formerly, it was necessary to empirically infer the
operating hours of a forklift per charge as the most
important factor in studying the replacement of internal-
combustion engine forklifts with battery-powered ones.
However, this process greatly depends on the person’s
subjectivity, and was not satisfactorily accurate even
though it required substantial labor. To solve this
problem, Sumitomo Nacco Material Handling Co., Ltd.
(Sumitomo Nacco MH)has developed a system that
infers the electric current consumption per unit time
by analyzing various operation data using a measuring
instrument installed on the operating vehicle. This
system calculates the above electric current con-
sumption using simplified relational expressions in which
the severity of operation is represented by load, vehicle
weight and acceleration excess rate in order to enable
even a small-scale, low-accuracy measuring instrument
and analyzer to achieve the calculation. This article
reports the achievement of inference value calculation
with practical accuracy in actual transfer operation.

B O T HE ANy T VR T+ —2 ) 7 FEEKEH)AD
REPEATNS, kI, 2008FEDFETIE, BRIED HE
NS0 % %A RN TH D, SHEMMBAEI S,
L2 LaRL, REMREHIBWT, BREICIE 1 LEY -
DICHAERE TR b — 2 VIR RRBIERD I B0 23 5 5
ZEhb, HMUCE CHmTMETHUERICEZBRL OIS
RS, Ny T VAEROBERD 5 FLERHEASHOR
HARHET B - 7=,
BRAARERH DS 5, KEOEL > -EBHRHEEE, i
BIETHENT 5 27 45 BFL, ZAMEOKGEEEIT-72,

xfERFIXTUTIL AL RY LTSt
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X HE NvTURT+—7UT FOBERBEEERA

FUTIE X 15
7 % — i AL
5m AL 5m
Ui Lo
5m 30m 5m

JIVAS F30 7R M /N & —2>

&1 Test pattern defined by JIVAS F30

2 BROKBKRE
21 BREVHHBLERORE®RFIOEX
BTFEXHETH BFB-EY V) — X IR H I3 5 E B AE
EERLTCHED, FEBEOMTHEE LS 213 50,
LAL, WRETEBMETAZ L THlEELCZadTIeRn
WREAfEE S, BRE TNy 7V EREEEEEICHRIFL
ZEELAARBREBTE AV, X512, BEFMAH S ~100
MR ME R Z &6, BEFHGIEL 2 O RREE TR E T
ORI AHRI XN B, DD, R 8k
MARWENy FUVREOKRZE LBRESLETHL L, X
512, MENRIE OFRE VLS, BREDEXH, &LL<
WA Sy 7 ) 2O L TEE S &,
BEMSBULCHAT 5 & 0L F—HAREOE X H % by
ALT, FEEECHEALE ETHd 22 e8F12 605, L
ML, —fRZT+—2 ) 7 MEBERIC & o TRk &
UHk7 2 v F 2V EBARBETH O, [6 CHEROE K % U
fii§ 5 Z & ARBREELIBAN LV, 72, HEhz0R
BRHm Al 2 L CTIEMA A TE AW L b b, 4T
L3 IRBOFETIEA N,

ZOZErb, BURTOREBMENIZIE, ROTax 248
ALTW3,

(1) MERANOERD B NI T VDS AT, FER

WAL T % % 0 HERR

(2) BT 4 ATV A NN &1 & 0O RRIIFH 4 2

L, —H OB % Al

(3) BBOR L & (@R OE X LMK X )0 F B 2 G
@) BHEORML X E2EE LT, 85 EERE B (R

2.28M) % BHI1Z, FRM AR 2 e 2 B L e

(5) WM Sy T VER, HMELRKE XUy 7Y

EROME

Z03 b, BLUIZO2WTE, THOMEIH S50
DBRO T oL 2T & BHEEDOREHHERTE 5,
UL, 3B LU@OBMORL & & EEREIE 5,
TR 2 HEH§ % 7o M A EBIC Z > T3 2 en
5, REME, E72, ZOMEL X3 E ORI SEUEREE & %5
FHE2LDN B K > T3,
22 BEREZEREESEOFH

K+ IMHTIE, EXHEOEHEN AR/ E LT,

MEAHAEERERGRIZES [Ny FIVRT+—2 VT b
b7y o O—FEBEIERABHS] JIVAS F30)I2k3 7
2 MEREHOCTOWS, ZHEER1IZRT X AT A M4
— Y CEBEEDME TV T 2 2 NS THRE X 2 7= D
BHERPERDOO6NZEDTHD, &EZAH, ZOT A M
BALD 4 v FROF—MOMREEHE L TNEDT
HIEZEDS BRONFIIONTIRE L BESTE TS,
(1) FENEZTR->TY, FUMSRHH SRR FIEDZE

CEiRf R & D)

(2) WBERGELIC K AEE(E— &, 24 Y, WEESME

KONy 7)) R EDEE)

(3) i, JRHEI & OPRIREIC & 545

4) WERZET 5250

(5) HREBEFRICELB Ny FUVEEDER

INEDEMEED B Z L IFEFIZINEETSH O, HAEH
MO EREANHAREEREMG RO —F v 77— T

SHOMEE L THFTBED, &7z, RIZZhEREHEIC
FHL 72 LT, BRBEMROBYL TOBRMIAETET
MTH2H75, BRELERBIERIZ—EDSE L LTHO
ENTOBEDNBUIRTH 5.

23 MERDEE

BDRDORIER 2T 5 L, KD XSk S,

(1) BURPIRHL 0D T 20 BB g ] & L IeR oD FE4R 1= -1

Bhbd,
(2) MRS 72 0 OBFRIEEIIRBRIC L > THB T3
DT, BB O TRER B2 EREZ 532 5 2,

DS H, FHCMEE &k 5 ReEY 72 D BRINE &, EREC
HEHIT 22 27 22OV TRETHL L BR B,

3 EBREBRHADEE
3.1 YAFLBE

Ky 27 A TER21T78T & 5 1THlEEE % R E o
RIS L, BERILA BB TllE L Tnw 5, Bk
13, MIEREIRRE L S — ORI, fTE, fEidlib LV
FEATHREE R & ARG LT 5,

RS CIINEE L 727 — 2 20012, B0 L X2 51K
2R CAESE % AHRY OB E TFT - 72358 DR 72 b D72
BRAEFM L, BIRBEE & OF D 6 RARINIIZ BB N
FVERERNT 5,
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WX - HE NvTURT+—7 U7 FOBERBEEERA

RERLONIRHE

Hig v

W &

s CEh R

TR

gy YATLRE

System outline

22T, fEH-THREBORL &3 321F, 2.2TRL
7O MR BN E D ZTHBER, KV AT A TIIfmE,
Tl L OHEBEISO =DIcREX 2, T, EFE
Wik KOO BB T — 2 204, (DRI K-> THE
BREETHL TS, Zh o OREHIE LRI RS 2 JIE
BTHhOLENT - 2 B THELTHETH 5.

Ny T ) BRI R

=HIEEAR B (B B R H TN E B R - (D)

Taf T BT = o IR X IR Y 72 0 A B AR

P
S

WIS 72 O i A
IR T X (7 A | T T -eereeee(3)

AEATIH BTG R = E AT IR X W24 7= 0 BT G

n
S

IR 72 O BTV H B iR
=EAT R A S AR X P R 4 N AR X I EE El e (5)

Y L
= M0 i oL B PG T B X (BT AE AT IR/ ZE AT ISR -+ (6)

32 FIRFLDRA B

22T, HEELEDIE, AY AT L3 [REOF B
M HEKIZE 2 200E R K OB XL ¥ — A EERE LT
WEW] LW ETH B,

JREIIZIE, A GO HINEE) & SHIClET 222 T
FETALF 2R, ThaeRd SE2BREOHET
ANF —FBEMTE, HEEROHEMITRETH S, L
L, EEIZIZZhAAREL L L OEFIHIE I B+ v

VEBETH Y T v UERFE RS R L, RIS K
Ao EERETEZENRDONS, ZDZEF, 7
— 2 DORED A, WERPHEITEEDOREALZ KT, T

N RHED TR OW 216 N TH B I L2 EKT S, X512,
ZOXLINLF—FHELZELT, RLTALF—%252%%
DIZBXENHEE T 2ERT AN E - OHGRHE L EET S
NRENT A= ZHPBKT, FHPICIESEFEREEIS AR
Wy,

4 HEBERHBORKEE
41 BEEY YU ETHBESEROKE

B)RTIE, BBORL X & FH s & b ez R
FXETW5, PHEEERET, »288%5 500, K
FITHEANEE, EOLS REEL XS & NKIZ0TH 5,
L2, 5230 BHICHMIE R A E DX TE LT AN H D,
POWHT AN F — 2L AL TERNEEDOT + — 2
V7 MZEWTIE, KA NEEGEDOMHE LR @iz k %
SO TIC KD HBBERIEAT S, £/, HER L H
ROEX)DOR K G YAREEMICHET S, ZhERilT 3
R, FRFIMHDOT A b8 8 =V EHWT, ERHAED
Fg B H I K OB XL — 2 TOMED L OMEIRO T X
AL SR GEOETEROZEWEL /2,

R 312, ¥4 7 LB & R EIE 2T, Mgl
YA NG OBBIETH 225, ZOMANINEE
FLOHE TEAT LTV B, Mt Z O BRO DI i E A,
DE D —EDOHEE A HHE L T3 EEAETHSB, ZIh
LEABZEIZ, ARV —ARBEMIIHh DS T, fFEETF
FEWid 2 I3 RITROHIE BP0 S B AUTERTE LWV
LW TETHD, ZHITXD, SR & T E
ATHWTEBZ LA S, X512, K412, HsaEEE
B LETIERBI Y 72 ) OEFHBEBRE N T, W UCAERAFT
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6.0 110.0
© O ANRL—4 A -
5.0 s O A~L—4B [ = L
= \%M A FL—s C £ 1000 =]
<4z 4.0 H =
B m =
2 3.0 gﬂ?;
2 = 900 o 2 S A Fl
# 20 ﬁ 8 [ 4B
= R?=0.87
10 80.0
0.0 1 1 1 | %\ R2=0.78
60 70 80 90 100 110 120 70.0 ) )
i o 3500 4500 5500 6500
HAZ IV (s) ST (ke)
=3 YA 7IVERE EMEEBEBEE =5 FHEEEEITHRER
Relationship between cycle speed and excess rate for acceleration Relationship between average truck waight and current
consumption for traveling
10.0 . —
e HERIfE
140 E/ / <o |
0
= 5.0 ] El
€ 120 O g o U =
= 3 O <
S 8 O 1a
e i O °o o o
& 100 & 00 -2 2
= U 0 a i 1 &
& o °g o
® 80 50 | - 1+
0 J
R?=0.95 -
60 A ‘ ‘ ‘ o® O
0.0 1.0 2.0 3.0 40 5.0 -10.0 w w
I e R L (%) PSP FEUIE (Ah)
4 REEBEAE CETHRER =6 Ny TV HEEREDOHARE

Relationship between excess rate of acceleration and current
consumption for traveling

IR R EIAE A 5 &, ETEBREESATS L
Bahotz, UL MEOMIMILS FHEEOMMSE, K
SITRTHD, ATEEETRORME WHRIRIZH 5 Z &2
MERTE 7z, ZOMREN S, ETTHERE, MR EEEE
BIOEHEEICRIRBERSH B2 E A, HEERHETO,
G ERBAEE N, METORBR, WOMHEERTZenb,
ETIZB T ABBOML 2 2R TELEEZ 5,
4.2 BEEY Y RERRESROMKEE

@R, A MEEHFEMAES LT, fMEFREE &
Fib L moE X 21T, %20 OMEEETRRE
B LTw3, Zhid, WEERIHERUS OB S AH
BlARE -7zl &itkd, ZTOZ LiL, W, ik
AL LR W & D ARV T, (RIERTI T &
hBZenn, MEETERIBEON L XIZhrboT, &
BTN THBEZEARLTNES,
43 Ny T UHEBEREDRI

EATB KO ZNENOBBOR L & L BERIME ORI K
OBRIZ, BELRARDLIIZKS,

(1) fEA 1t A 5 LIHEN15AMEZ 5,

(2) PHEES 1A 5 EHEBES12AMEZ 5,

(3) IEREHLEHIA D 1%MA 5 EWE A TAMEZ 5.
BARENS, ORICEST, NT—=2FT7 Y Vo, FOfh
BB KOHIBRICEAT2EBROMIEET 2L, 56,
BIRREE R T T Yy 7 VINEBERERM L T 5, F2llfil
LEMEMROBGRE, R6IIRT., 2BV T, £10%
LT ORE CEBIEBEDOHMA TR TH S LR 0h 5.

E6IZ, ERFIMHO T THEERIZI TV ZAI v g Y

Inference error of battery current consumption

EEM LU TCOAHEMTHERL-E 24, FEIE—28%LE
AR AES, 2OZENS, BRNERENRHITGON
v 7 ) B A RS USRERE DT 5,

S IV

A, BRERBRI OS> 5HEOM L X2 6 HEE
WEHNT 22 27 212\, K0 WA NEEE Tl L
SERMREF I, 2OEEEICHEERZ MY 2 FkICO0n
TR 7=,

(1) ZHET, JIVAS F30i= & 5 B HIEHERF @GR &+
BUZIHD L o7z, BRBEICE XA ZIGHORE
I O HEMN & EBIFHNICTIT S 2 & 2HBIL 72,

(2) LY 27 4 CHS IR i, HE I KU
WL HIA T, BBORL X 4R F X, BRNEL
OBIRAER X IS & 10 % LI & BRI 2 2K L
770

72, AV 27403, RIICEKIEEE TS 5, W

WA & R ORE S MEETH b, RBMREFOE NIz
HEACTE 5, 5%, $k7 2 v F 2 v b R{EBEIRED i
ICBWT IR 258, EXHEAERETY - L LTo
A% 63, KREGEEAHMIPRE L L TR E %@L T,
BPERORNE T+ —2 ) 7 FOMEITO—E 5B LS,
FERER EICHD) M FiECTdH 5.

(BEXH)
1) REXB. Ny TURXT7+—2U7 FOBEBEOHS2OJTRRIC
DWW EXEMO A5, BAEEEMRS, 2000,p.5~6.
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Optimization of Ladle Crane Hook

@k Lt & W 5 K & K &©

Yoshiaki OOKITA Takao IMAMURA

A

Sinji TANIGUCHI

— 3k

L—rKbvoL—=>
Ladle cranes

&1

1 (ZU®IC

oL — v ORGERENE, AREREEEMRGE AT O R H
2k, FLLEHRLB LUERHELENTE /2, FEMM
WAL, HREIARDIITZ 20T, WERLHEIREEH§
B OMBEL T, WSS ORI EETES, BE
AR BHEE, HEtEOWMITHIRIRA T2 2 210k 3 H,
ZHAEFERIED 7 L — VTG W IR A2 & 0,
TR OB 21T 2 & hEh 5,

WA, FEMMEMNT & Rt Tk % A S DY - iR
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Development of Low Vibration Pulse Tube Cryocooler
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1 INTRODUCTION

With a pulse tube cryocooler, it is possible to improve

reliability, to increase the mean maintenance interval and
to extend operation life, since there is no moving part at
the low temperature region. 4K pulse tube cryocooler
has been a competitor of G-M cryocooler for cooling MRI
Magnet Systems, Small Superconducting Magnets, SQUIDs,
X-ray detectors, etc=.

System of SRP-062B two-stage pulse tube cryocooler

Sumitomo Heavy Industries, Ltd.(SHI) has been de-
veloping 4K pulse tube cryocoolers for cooling MRI
Magnet Systems, Small Superconducting Magnets,
SQUIDs, X-ray detectors, etc. Recently, SHI released
two new products called SRP-062B and SRP-062BS.
For both SRP-062B and SRP-062BS, the valve unit is
separated from the cold head by a self-sealed coupling.
With this configuration, the maintenance for the valve
unit becomes much easier and faster than that with an
integrated one. With a separated valve unit, it is not
necessary to warm up the cold head and cool down
again. And also, the vibration displacement has been
reduced by optimizing the wall thickness of regenerators
and pulse tubes. Furthermore, the vibration displacement
has been reduced by separating the regenerators
and pulse tubes with a thin tube so that the vibration
displacement from regenerators and pulse tubes do
not interfere with each other. For SRP-062BS, the vi-
bration acceleration is further reduced by separating
the valve unit from the coldhead with 1 m flexline. For
both SRP-062B and SRP-062BS, the typical vibration
displacement is less than =3 um. The performance of
SRP-062BS is about 10% less than that of SRP-062B
because of the increased dead volume and pressure
drop through the 1 m flexline.

Since 1999, Sumitomo Heavy Industries, Ltd. (SHI) has
been developing 4K pulse tube cryocoolers for the above-
said applications. The development in SHI on pulse tube
cryocoolers has focused primarily on cooling capacity of
both the 1st and the 2nd stage, simplification, suitable
configuration for mass production and maintenance, low
vibration as well as long life( ® @),

Recently, SHI released two new products called SRP
-062B and SRP-062BS. For both SRP-062B and SRP-

* FTAER
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Figure 2
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vibration pulse tube
cryocooler
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Figure 3  Vibration measurement system

062BS, the valve unit is separated from the cold head
by a self-sealed coupling. With this configuration, the
maintenance for the valve unit becomes much easier and
faster than that with an integrated one. With a separated
valve unit, it is not necessary to warm up the cold head
and cool down again. And also, the vibration displacement
has been reduced by optimizing the wall thickness of
regenerators and pulse tubes. Furthermore, the vibration
displacement has been reduced by separating the
regenerators and pulse tubes with a thin tube so that the
vibration displacement from regenerators and pulse tubes
do not interfere with each other"=_ For SRP-062BS,
the vibration acceleration is further reduced by separating
the valve unit from the cold head with 1 m flexline. For
both SRP-062B and SRP-062BS, the typical vibration
displacement is less than = 3 pm. The performance of
SRP-062BS is about 10% less than that of SRP-062B
because of the increased dead volume and pressure drop
through the 1 m flexline.

2 SYSTEM DESCRIPTION

Figure 1 shows the system of SHI 4K low vibration two-

stage pulse tube cryocooler, SRP-062B". The cold head

R - HE KRBV ZF 21— TAREORR

Table 1 Vibration displacement simulation results

X (£um) Y(%pm) Z(%um)
1 st stage 1.2 3.3 3.1
2 nd stage 0.04 0.02 3.3
Vibration displacement measurement results at room
Table 2
temperature
X (£um) Y(£um) Z(xum)
1 st stage 1.8 2.1 19
2 nd stage 2.0 74 2.9

with valve unit directly connected at its side is shown
in Figure 1. As shown in Figure 1, the valve unit is
separated from the cold head by a self-sealed coupling.
With this configuration, the maintenance for the valve
unit becomes much easier and faster than that with an
integrated one. With a separated valve unit, it is not
necessary to warm up the cold head and cool down again.
And also, it is possible to decrease the vibration generated
by the valve unit and compressor to the cold head with
some simple techniques, such as a long thin-wall tube, a
vibration restrainer, etc. It takes much less time to replace
the valve unit with this kind of configuration than with an
integrated one.

A standard SHI CSW-71C compressor is used to
generate the pressure oscillation. A five-phase stepping
motor is used to drive the valve disk.

In order to reduce the vibration, the regenerators and
pulse tubes are connected with a small tube at the cold
end for both stages as shown in Figure 1. The wall
thickness of the connecting tube is 1 to 2 mm. The
wall thickness of the regenerator tube and pulse tube
is optimized according to the temperature profile on
each tube. As well known, it is better to use tubes with
thick wall to reduce vibration displacement of the tubes.
However, with thick tubes, the heat conduction loss
increases, therefore, the cooling capacity decreases. The
conduction loss is critical for the 2nd stage pulse tube
because its warm end is at room temperature while its
cold end is at 4K.

3 SIMULATION

In order to understand the mechanism of the vibration,
the vibration displacement has been simulated with Finite
Element Analysis. Figure 2 shows the simulation model of
a low vibration pulse tube cryocooler. For calculation, the
condition is set as following. The filling pressure is 1.7MPa.
The supply pressure is 2.2 MPa and the return pressure is
0.8 MPa. The operating frequency for compressor is 50Hz.
The operating frequency for cold head is 1.3 Hz.

The vibration displacement simulation results are
shown in Table 1. The direction in which the valve unit
is connected is called X direction. Perpendicular to this
direction is Y direction. Z direction is the axis of the
cylinder. The vibration at both the 1 st stage and the 2nd
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Figure 4  Vibration displacement measurement results at room temperature

stage are less than or close to £3 pm in all directions.

4  VIBRATION MEASUREMENT

Figure 3 shows the set-up for measuring the vibration
of a pulse tube cryocoolerV. A laser displacement sensor
(LDS) is used to measure the displacement of the cold
stages. The vibration acceleration is measured by an
acceleration sensor.

The compressor is operated at b0Hz. The cold head is
operated at 1.3Hz.

Table 2 shows the vibration displacement measurement
results for SRP-062B. It is measured at room temperature
and about 30s after start-up. The oscillating displacements
of the 1st and the 2nd stages are shown in Figure 4. At
the 1 st stage, the vibration displacements are £1.8 ym
at X direction, £2.1 ym at Y direction and £1.9 ym at
Z direction, respectively. At the 2nd stage, the vibration
displacements are =2.0 um at X direction, £7.4 ym at Y
direction and £2.9 ym at Z direction, respectively. The
vibration at both the 1 st stage and the 2nd stage are
less than =3 pm in all directions except the Y direction

of the 2nd stage. The measurement results are consistent
with the simulation results at an acceptable level. As we
know, it is the lowest vibration displacement achieved on
a two-stage pulse tube cryocooler without extra support.

Figure 5 shows the vibration acceleration measurement
results for SRP-062B and SRP-062BS. As shown in
Figure 6, when the valve unit is separated with 1m
flexline, the vibration acceleration in the high frequency
region has been reduced significantly, while the change of
the acceleration in the low frequency region is small. The
lesser effect at low frequency region is not very clear. One
explanation is that the vibration at low frequency region
is enlarged by the vibration of the flexline when gas flows
through it.

The specific performance of SRP-062B is 30 W at 65
K and 0.5 W at 4.2 K simultaneously, for both 50 Hz
and 60 Hz. The specific performance of SRP-062BS, in
which the valve unit is separated from the cold head
with 1Tm flexline, is 25 W at 65 K and 0.4 W at 42 K
simultaneously, for both 50 Hz and 60 Hz. A typical
loadmap of cooling capacity for SRP-062BS is shown
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Figure 6  Typical loadmap of SRP-062BS

in Figure 6. Although the specific cooling capacity is
the same, the actual cooling capacity at 60 Hz is larger
than that at b0 Hz, especially at the 1 st stage. As well
known, the gas flow rate supplied from the compressor is
larger when the compressor is operated at 60 Hz.

S CONCLUSIONS

Two new low vibration pulse tube cryocoolers, SRP
-062B and SRP-062BS have been developed by SHI.
For both SRP-062B and SRP-062BS, the valve unit is
separated from the cold head. The valve unit for SRP-
062B is directly connected at the side of the cold head,
while the valve unit for SRP-062BS is separated from the
cold head with 1 m flexline. The simulation results and

experimental data are reported in this paper.
(1) The typical vibration displacement is less than = 3 pm.
(2) The vibration displacement has been reduced by
optimizing the wall thickness of regenerators and

Top flange@50Hz Top flange@50Hz
Valve directly connected at side Valve separated with 1m 10A flexline
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2 2 E
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(a) Top flange of SRP-062B (c) Top flange of SRP-062BS
(Valve directly connected) (Valve separated with 1 m flexline)
1 st stage@50Hz 1 st stage@50Hz
Valve directly connected at side Valve separated with 1m 10A flexline
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= E = £
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2 E 2
= £ =
1.E- L L L TR L 1.E-
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(b) 1 st stage of SRP-062B (d) 1st stage of SRP-062BS
(Valve directly connected) (Valve separated with 1 m flexline)
Figure 5  Vibration acceleration measurement results at room temperature
20 pulse tubes.
(3) The vibration displacement has been reduced by
25+ . .
separating the regenerators and pulse tubes with a
220} thin tube.
o
§ 51 (4) When the valve unit is separated with 1 m flexline,
g
= the vibration acceleration in the high frequency region
210+ N .
2 has been reduced significantly, while the change of
N
St the acceleration in the low frequency region is small.
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ (5) The performance of SRP-062BS is about 10% less
30 35 40 45 50 55 60 65 70 .
1st temperature (K) than that of SRP-062B because of the increased

dead volume and pressure drop through the 1Tm
flexline.
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Ti-B-N Coatings with Low Friction Coefficients Deposited by Arc Ion Plating
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Arc ion plating apparatus(Left) and Ti-B-N coated check ring of plastic injection molding machine(Right)
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In order to reduce coefficients of friction of TiN coatings

for the industrial machine application, the frictional
property of TiN coatings with preferred grain orientations
deposited by arc ion plating (AIP) was investigated. It
is possible to control the preferred grain orientations of
TiN coatings by changing a substrate bias voltage. In
a ball-on-disc friction test, the coefficients of friction of
TiN coatings with (111) preferred grain orientation were
lower (about 0.2) than those (0.5 to 0.8) of TiN coatings
with (200) preferred grain orientation. In this study, the
frictional property of TiN coatings embedded boron (Ti
-B-N coatings) with preferred grain orientation by AlIP
process was investigated. The coefficients of friction of
Ti-B-N coatings with (111) preferred grain orientation
were measured by the ball-on-disc friction tester. It was
found that Ti-B-N coatings with (111) preferred grain
orientation were able to maintain low coefficients of
friction (about 0.2) under severe sliding conditions in
comparison with TiN coatings with (111) preferred grain
orientation. The Ti-B-N coatings with low coefficients of
friction have the possibility of application to sliding parts
of machine under dry condition.
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