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Lifespan Enhancement of Crane Rails, Runway Girders and Overhead Cranes Using

Shape-Memory Alloyed Fish-plates

i S (A N R = B s R £ 2 2 KR #
Hiroyuki TSUJIMOTO ~ Shohtaku KOZAKI Yasushi OKUTANI Tomohiro TOYOZAWA
T BB A & X & & wna kX B H 5L F
Keiji ANDO Shinji YORIMITSU Nagayuki MATSUISHI  Hiroyuki ISHII

VR

—B8TICEVWT, RHEIL-—CREROFBET P SRIOHETE TESHBEL TV, ThEX
BIaEFL—N, JL—>F 9114 H—4%— (CRG) bREBHIEEHRIhTWS, XFIL—>
CRG BEPBARENHEGRENETERE L > TWVWB, —H, ETL—IVIE, HMEBOREREADS
BRENETEREL > THY, COMBBEIL — P EFTLEEOREXEEY, XHEIL—,
CRG NBHEREEICODEN S, HAHEIES (#F) CRCOBBOERZ BICHIREEEE S E AV -HEE
WEERRELEDT, FURSHFOBBE ZOMEEICDVWTHREL 1=

Abstract

In a full-scale steel plant, many overhead cranes are installed for conveyance of objects varying
from raw materials to shipping products, and accompanying them are crane rails and crane runway
girders (CRG) which cover a long distance. Fatigue crack initiation determines the lifespan of
overhead cranes and CRG, while defects and dents on the rail joints are the main determinants
for the lifespan of crane rails. The shaking and impact which occurs when the crane passes over a
defected joint leads to crack initiation on the overhead crane and CRG. To tackle this problem
Nippon Steel & Sumitomo Metal Corporation developed a rail joint using shape memory alloy
which enables longer durability for rails. This report explains the characteristics and performance

of the newly-developed rail joint.
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Overhead crane, crane runway girder and crane rail in a
steel plant
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il |
dle )
| 'é?@ i/

Measurementlocation of stress "~

BE3 XHIL—CicsHhHAIELME
Measurement location of stress for overhead crane
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Measurement location of stress for crane runway girder
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Measurement results for overhead crane
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Measurement results for crane runway girder
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Maximum stress for all cases measured
Case
Difference in level 05
0 [Standard| 2.4 | 2.9 0 0
(mm) ..
limit
3
G
» 0 0 0 | 0 |Standard| 10.5
(mm) ..
limit
Maxi t f
AXIMUILSIESS O ) 06| 1066 |1.166|1.196| 1066 |1.060
the saddle (MPa)
Maximum stress of
1.08c| 1.08c¢ |1.18c|1.245| 1.106 |l.1lc
the lower flange (MPa)

o: Stress at the time of the overhead crane standstill
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Rail Bolt Allowance
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Fish—plate /

®/ Gap occurs

o

4 SEREEEAHZIL
Gap-generating mechanism

TERIMFMFORBER CHRFMFICKD Sh 5146

Issues of general rail joints and required performance for new rail joints

Bolt rail joints

Enclosed welding rail joints

New rail joints

Outline

Gap X Gap occurs

O No gap

O No gap

X Defects on the rail joints are

Lifespan of rail joints

O Equal to the general part

O Equal to the general part

determinant
Expert skill O Unnecessary X Necessary O Unnecessary
Work time O Approx. 5 min X Approx. 6-8 h O Approx. 10 min
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Damaged rail joint

BEE6 Hv L —ILiEARR
Insertion of a cut rail
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4.1 HRWKEEELDER
JEARFLE A4 (Shape Memory Alloy : SMA) OHTHzd

£3 Fe-Mn-Si%& Ni-Ti & SMA D4
Characteristics of Fe-Mn-Si and Ni-Ti series SMA

Fe-Mn-Si series SMA |  Ni-Ti series SMA

Cost Low cost High cost
Recovery temperature 250-300°C 0-100°C
Recovery strain 2.5-3.0% 6-8%
One time of Multi-cycle

Properties

shape recovery shape recovery

BEBH7 X7l XREEHEKF
Joints for stainless steel pipes
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Recovery strain

<
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2.5-3.0%

100 300
Temperature (°C)

5 SMA QU T # - BERR
Strain-temperature diagram for SMA

Recovery stress (MPa)
400

300
200

100

-200 -100 0 100 200 300

Temperature ('C)

X6 SMA DIGH - EBERR
Stress-temperature diagram for SMA

4 YEEOLEER
Comparison of physical properties for SMA and steel

SMA Steel (S45C)
Tensile strength (MPa) 680-800 570—
Thermal expansion coefficient ("'C") | 16.5x10°¢ 12x10°
Thermal conductivity (W/m*K) 8.37 45
Young modulus (GPa) 170 205

ZEHL, % 300C CEIRIRFEIZET b ZO%, BEINcL -
T IR ERAT AL 00, HHIZE TS EFHO
T, FIRIZRE - 7255 T 180MPa DI % F83H
T 5,

4.1.3 MIBROMEE
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42 EERIED X HZX L
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HETF) ITHEER 2 SMA TEAEL TV HABITIER)L +
FREMERIZE L TH D, SMA #kERITEMLIEC X 2
KL B COFRER 2 5. 2 7214, FLBFEIC L - T
HEROTRIIN T SN TV B, AHERILEE L 22K
LD LFEEERE G- 2 5N TWA D, MET 5 LR

#oH g fE 4 F o#t 4055 (2016)

Heating treatment)
(shape memory)

Shop

fabrication

Tensile
deformation

Fabrication 7

I .
O ‘: Heating }Sltework

1 (shrinkage)

7 SMA it BiRE(EEiE
Process of SMA fish-plate production

SMA fish—plate

@Ins’callation

Initial gap

@Heating

No gap
Compression stress

Shrinkage of SMA

M8 SMA EEMFHME
General installation process of SMA fish-plate
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9 HERETEIK
Cross section of rail joint
MLEI)ETHNERAE LT D720, L=l —L%
WLOH%%#ﬁﬁﬂiiéo:@W%ﬁ%7b~yﬁ@
WWHELLL—VORIETEDORELEKFTTHILICL
U,ﬂ%ﬁ%ﬂ%ﬁbfﬁﬁ®ﬁ%¢%%ﬂTéo
SMA #k B DOWTTHINE, —Hh972 4k B0 &[5k, L —
IVEHERDZETE % I 5~ % 72 D 1 ZHAER & IERI 85 B IR
o ThY, BIETRE LoMHMAS I —F—EHOMmIY) O
AR S T — /83— IZEF L T2 (K9). T/, #MEMK
ODEFHAOEEL —HKAZHEEREFE L THY, HE
WOFRI MULEZETE TSI LX) FFEORE % 5
5,

5. MEEMEFRHIER

SMA ZHEEEA A L2 E I Z Lz, 3EARN
REZ MRS B 70 D KAl R ER & FEhti L 720 PERERERR SR IE
@m7b—/$34W%L7V—/%~%W%ﬂfbu
HEERLOFEOE T3kg L—VERNGE L, UTIC

HRBRNE & O R AT T

51 L—IL#BEBICIND 5 7L — REDTEEHEHME
MHEI R R ER S, EMOFEEZ 720121
ZFOHRE R DRI L—VEITICE BRAMEEZ IS )
2T BN DL, SEERETHECLDE, RFETL—
BRI R O L IR ED 15% % L), EfTL—
W ERIAERS 2D L HB05, L—IVRkEECAER S B
EAERT AR E 1T 72
L— ViR EERICVER 3 2 M EIXEBRICETT A KA
L—r DL = WIZEL AN EHET S & TRz, B
RE9IZIZ, L= VO ARSI ERIEIE O Hlg ) TIsE
LI EME, RI7 L — 2 %igElE CElT STl
ASG I 5E B A L 7o AR S EY & A T L — OV IE
32812 EH L7z (K10), MIEICHEHL72RHF7 L —
IR 48R, B 228kN (Z2f, 7 v ZIdMIEL2L —
WA E THETIREE) TH 5o
FEFREER 11 IR T RA7 L— v TEBIE % AT
LEANZADDOE =7 HAHEN TV DA, TIUIRHAZ L —
¥ OBEBGAIGITHGE 55 % 5 L BRI, B OSE M E O

Friction betweenrailand wheel i Load inducedby crane wheel

K10 L—/VHBE8ICIERT 3fRE
Tensile stress at crane rail joint generated by travelling of
crane wheel

100

Sudden braking

80 -

60

40 |

20 -

Load in crane rail (kN)

150 155 160 165 170

Time(s)

K11 L—JLRERE
Time history of load in crane rail

135 140 145 175 180

l

K12 L—LORhdHh
Stress distribution in crane rail
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52 EXEEHER
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WERFRETNC D WX, K7 L— VBl AED 15%
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Heating experiment of SMA fish-plate

Number of times
o — N w £ (4] (=] ~ (<] ©

350 400 (kN)

o}

50

100 150

13 REFTEOEHSH
Frequency distribution of generated loads

200 250 300
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HEEZ Do

5.3 JEHMREERRRER

L — VKB ERIZEMRIIC 2o To L — U BITIC L B3R
BB 1% 52T 5 2 E s, BHEIERE O T £
il 7z (B 14), #AHAMIEL — )V offsIie s L —
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L

Tensile testing machine :|

[

— Jig

| — Rail

| Rail joint

| —— Rail

—Jig

14 EFHBEHMER
General outline of fatigue testing

x5 REIABRER
Results of fatigue test
CASE-1 CASE-2 CASE-3
Load (kN) +30 +50 +80
Number of cycles 2.0%10° 1.0x107
Frequency (Hz) 10
Result No space generated

BEO LI aEkRL-#RHEROBNRESE
Exposure test of a steel fish-plate attached to a crane rail

54 RERER

SMA 5T CTld SMA fiF B & S D L — V23875 L
TWBHZ Enb, EEAE®%%‘ié%ﬁﬁ%ﬁéhé
720, RERCHR LR E RISV RS (RER R
) 122004 4F 11 H & 1) 3 L CHEGEI L2 2R % 85t
LTwh,

2013 4F 11 AR ORNEEEY, 101787 XiBEHK
10 BB TVAD, L—IL Sk EHICEE O IZR 5N
L2500, MEOFERF G TORFZEEOFAIFRO S
'ﬁSMA%*M?i%ﬁéﬁﬁﬁgﬁi%EL&W&é
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BFE 10 RTEARMPOMBER

Dismantlement of the exposure test specimen
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6. EHILKICE T AZEV) A

2004 4F 10 FI2 % BEREkFT T A LIk, AR, B
ARG, IR BLERIT & L0, 1500 BT, 15km 125
BHEATHSD (K15). FZEELWILMR AR, RV b
DRERR BN MR N T TS LS, R L 3%
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1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

Nnumber of installations

—_ o o = = —

2004

15 EHHEXEE
Installation records

2L P

BHE 11 ZREUSFraHE TH @R
Installation of SMA fish-plates at the Steel-making Plant in
Kimitsu Works

- )
Standard rails completed
completed Il
Crane rails =3
Many 30kg
q E:(:Zc:%n;ance [-\ Expand ) Complex
cross section cross section
CR73kg CR100kg 50kgN 40kgN
\ 2 J

16 594>+ vy TOIFE
Lineup expansion of SMA fish-plates
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