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Bending Fatigue and its Evaluation of Ropes used in Equipment

for Recovery of Rare Metals from Seawater

Masao TAMADA, Noboru KASAI, Noriaki SEKO, Shin HASEGAWA,
Hayato TAKEDA, Akio KATAKAI and Takanobu SUGO

Department of Material Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma-ken
(Received September 22, 2000)

Recovery experiment of rare metals such as vanadium and uranium in seawater was carried out in
the offing of Mutsu-works to evaluate the performance of the adsorbent which was synthesized by
radiation induced graft-polymerization. In September 1999, we set equipment for dipping 100 kg
adsorbents into seawater and instruments for selective elution of adsorbed metal.

The present report clarified the primary factor which cuts a cushion-buoy-mounting-rope
(CBMR) of the equipment for the recovery of the significant metals from seawater after 7 months’
experiment, and then described its countermeasure. The CBMR plays the role installing the cushion
buoy onto the horizontal rope in the sea. There are two CBMRs for each buoy and totally 16. Four
cases of the cutting occurred in the cushion buoys placed outside. These cushion buoys have been
installed in September, 1999, and it already passed through 7 months until the rope-cutting accident.
Horizontal swings and rotation motions with a short period were observed especially in the cushion
buoy placed outside. Therefore, the CBMR was cut by the unexpected bending fatigue which was
caused by these bending and twist with the small angle. Fatigue estimation was equivalent for the
cutting level when strength was calculated by considering bending fatigue in addition to the tension
fatigue of the CBMR. The present polyethylene CBMRs were replaced by the nylon ones having
excellent characteristic against bending fatigue. It was calculated that tension and bending fatigue

strength of the nylon CBMR were enough to maintain its strength during the test period for 2 years.

Keywords: Cushion Buoy Mounting Rope, Equipment for Recovery of Significant Metals from
Seawater, Cutting Factor, Replacement Process, Bending Fatigue, Tension Fatigue,

Polyethylene, Nylon, Section, Strength Calculation
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AL 2.92E+6 77 H

i | ARESm) | wEQ) | BEHEE | BERK | FdaRE EHE
Hw F (%) AN Nf AN/ Nf

1 1.5 0.84 74.3  [2,167,083| 15,922,317 | 0.1361
2 2.0 1.05 20.9 | 609,583 | 8,079,878 0.0754
3 2.5 1.27 2.6 75,833 | 4,644,071 0.0163
4 3.0 1.48 1.6 46,667 | 2,909,100 0.0160
5 3.5 1.70 0.5 14,583 | 1,940,700 0.0075
6 4.0 1.91 0.1 2,917 1,358,386 0.0021
& 100 [2.92E+06 0.2536
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£4 RYyzFLrn—71ROITESRE (77 HAE)

BMEE2.92E+06 77 H

1 | BEEEm) [REBEeh) | BREEE | REREK F [l B
Hw F (%) AN Nf AN/ Nf

1 1.5 0.84 74.3 2,167,083 | 6,249,222 0.3468
2 2.0 1.05 20.9 609,583 | 3,171,206 0.1922
3 2.5 1.27 2.6 75,833 1,822,714 0.0416
4 3.0 1.48 1.6 46,667 1,141,769 0.0409
5 3.5 1.70 0.5 14,583 761,690 0.0191
6 4.0 1.91 0.1 2,917 533,142 0.0055
a 100 2.92E+06 0.6461
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#£5 FADOVEfD—TORRE

B F4 0 3ST (RYTFL > 3ST)
K& (FEFR) @ 3 6mm (#32mm)
tbE 1.14 (0.96)
5l5k D 2 2.8tf | (9.7tf)
RE 1D 7AITx LT 24

£6 FADLO—71AKDI[EDEHIRE (3ERH)

BEE 1.50E+07 367 8

FHREEm) | WEG) | BEHEE | BEREK Fon[ElE B
Hw F (%) AN Nf AN/ Nf
1.5 0.84 74.3 11,145,000 (249,125,118 | 0.0447
2.0 1.05 20.9 | 3,135,000 [126,420,081 | 0.0248
2.5 1.27 2.6 390,000 | 72,662,466 | 0.0054
3.0 1.48 1.6 240,000 | 45,516,606 | 0.0053
3.5 1.70 0.5 75,000 | 30,364,741 | 0.0025
4.0 1.91 0.1 15,000 | 21,253,700 | 0.0007

i 100 1.50E+07 0.0834
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£7 F4nro—71RKOMITEHSRE (3FM)

BE% 1.50E+07 364 H

ARWEm) |HEQ | BEBE | BRERK FFanRlE BHE
Hw F (%) AN Nf AN/ Nf

1.5 0.84 74.3  |11,145,000 |12,138,396,183 | 0.0009

2.0 1.05 20.9 3,135,000 | 6,159,704,169 | 0.0005

2.5 1.27 2.6 390,000 | 3,540,412,976 | 0.0001

3.0 1.48 1.6 240,000 | 2,217,755,489 | 0.0001

3.5 1.70 0.5 75,000 | 1,479,494,573 | 0.0001

4.0 1.91 0.1 15,000 | 1,035,567,318 | 0.0000

7 100 1.50E+07 0.0017
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<BEEH>
Uy a T A B O — FA D5 5RER OFHE L 3l
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Dyva 7 AREO—JE, ROy arT1 B § D

FI1 L) KRR ERLTHBOT. BifO—7k T
ECBHELERD B2HITIE. BICTRT IS ITT 1 i@ <5 T T T T T
HERDBVERD B, TAIBMIANELT. TIHED
BAICEDHE, Btk oTIAIERT BEABLER Bffn—7
CEBBRNNB B,

1 ¥4
T4 DBRNL. TAPEEITKFICRLUERICRRERSY, T1OBERHLDT. 150D
B O—FIERT 2 RAKEIL ROXDIT5,

B O—T IR HRRME= (232—-39.5) /2
=9 6kef

Lo T B E—-7O51RDBEIR 9. 7tf0X, MAO—T0ORLES Fid.

Bffta—7n%e®, SF=9.7/0.096
=101

ERD, TABFHIIRHLUTIE. T2RKRBOHEBEEZELTND,

2 H7

(1) ¥R

TAIWERT 3 EFAMOENL. BICKBEINT 1 OLTHFROBREEE2AIERTEE
LT KRR TRDBZENHFES,

. Fy=7Hw*D*L/2

ZZT. 1 HEKROHEER (=1.025tf/m®)
Hw : &EHES (=7.3m)
D : JAOEE (=0.45m)
L : 71OEX (=1.86m)

INED. REHKSARIZFRHC T A IHERT 2 LR AMOEAE,
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Fy=3.1tf
L1215,
—F. KEFMOEHT., KR TRD5ND,
Fu=p*Cy (. 4) *D2* (Hw."2) * 2z Tw) **L
2T, o :YEKEE (=0.1045tf-s?/m?)
Cu :BEHFRE (=2)
Tw : REHEAH (=128)

£D.

Fu=0.06 2tf
Einb,

(2) A
TR B I, K EFROREERSAIERTSEL T, RATRD S Z LW

#2.
Fc=0.50*D*L*Cd*V?

T, Cd: #EHiEE (=0.74
V : EiEE (=1.03m/s)

kD, TAERT 2R
Fc=0.0 3 4tf

Liz%.

(3) BfO—7IERT 2HWE

B O — BT B HEL. AEHEAONNE EFHADAADRT MIFITRINSDOT
TREDRD SN,

O — T ERT B E= { (Bh+ETEA) 2+ @R AT 2P
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T1R2EOBMAO—TTHXRHREINTVNEOT, 1XOBMAO—TIZ@B<HFEIX. LERED
1/2¢&72%, BREIICEMNO—TICERT 2RAREL.

BT O—FIEH T 2 R ARTE
=1/2{(192.5/1000+3.1)2+(0.034+0.06 2)%}'/2
=1.6tf

E72%, Lo T, BHROBMO—TD5RDRER, 9.7tf0X. B D—T7ORERS
Fid.

ZeHE, SF=9.7/1.6
=6.1

LD, BIERDAMICOVWTIE+HRREEZE L TWS,

TR 2EOBRMFO—TT, TARERATEIANZERTEELEN. 1 XORMFO—
IR TOANMMERTBLEZZ L, BTO—TOMEN 2B ERBDT. BERITL/2872
D, 3.0&7R22MN. 1ROBMO—FTTA 2XFLEBEIIE. TR EREERZFEDZL
MNHEFT, —N EFIC ENZEICRD., BEEZT 2 ETFAMOEEERMNED L. AN
Iz %, BROLBREEFRIVNSRZZDIE. TANENREERSFZBET. ZOROT1OL
THMOBEERIL, 71 OWEEICELLRE5DT,. LTFTEMIROLD RS,

F=7vHw* (xD2/4) /2
=0.6tf

ZOHBAWIE. TAOLBHhEEFEIHD 1 A0BMO—TIMEINZDT. BERNICETO
—JIERT AR EID.

BAO—F AT 2RARE={(0.194+0.6)2+ (0.034+0.06 2)2}1/2
=0.8tf

E7RD. AIRDBEDL/2LATOMELRD, RENICIIMEDRWHELRRS.
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* 1 SIEXRBAE I UMHBIEAL £2 SIEHHsh3HA %5 SIEHRE
&2 % W EI= FA R &£ 5 TS HRERGE L 5
E ElA -+ m %, ¥, B | min, h, d 10 = 7 % E
B Bl3ovsrsa kg E, 5, % U I B4 1
B Rs # s y » b L L 10'2 & 5 T
B wlr v =~ 7 A P vt 100 [ &£ & G
MAOZEE |y v © v K EFELE | eV 106 A #H M
o BB v | mol FFERBE | u ol I
3% gl v 73 cd 102 | ~ 2 ¢ h
T ®m @m|7 v 7 v| rad 1 6V=1.60218x 107'°J 0|7 7] da
I BRI ITY st 1 u=1.66054x 10" kg v d
; 102} & ¥ F c
107 N J m
=3 EHEOZHE 6 SIELEM P R
F4 SIEKiHEMIIT -
- 0| + 7
& g w |ms|BOS2L s B e A
A ;7 i~ wn v| Hz s™! & W 2 = 107" 7=&4t f
il =a—=bFY| N m-kg/s? AR PO -0 A 107 7 k a
F A, W Al xR AH w| Pa| N/m? 8 — o b
ik B BME (Y 2 — | J | Nm ~ = a| bar ()
T®, REE(7 » N oW/ s . | Gal I %1—5i3 TEBBLR] 85
ESE. EfM|(z2 —a v C A.s * a0y = Ci EB%R 1985 FEFiTick 2, 7L,
BAOL %{f,mﬁﬁﬁ H w l~ v W/A I N 4 R BLU 1 udfEiiz CODATA ™ 19864
% ® & B|7 7 7 F F [67AY 5 S rad Hick -7,
B X # Rz - & Q V/A 1% L rem N
svsssva|v—avz| S | AV 2. RARBBE, /o b, Tow A
B |9 = — | Wb Vs 1 A=0.1nm=10""m —LHBTNTV AN EEOBMLD
i1 ® & |5 R . 7 I'g 32;:2 1 b=100 fm?=10"2* m® CTIEEBL I,
N - v R ~ v - = 3
liii i'z,;‘r# AR I | bar=0.1 MPa=10°Pa 3.Abarli,§JIS’C‘iBﬁ.f$®E7‘7’&§h
: -3 vy REE _ e KROE2DAF T —ic
+ sl - % ol | e 1 Gal=1cm/s?=10"m/s? 2 LRl
Elr 2 =1 Im/m? 1Ci=3.7x10'°Bq .
S = x | lm/m " B 4. ECHM#EBEA{54Tid bar, barn
W 8  #|~ 2 v o Bg| s 1 R=2.88x107C/ke O TEDGHY ] mmHg £ E20% 7
3y
® W % B|7 v 4| Gy| ke Irad=1cGy=10"Gy Ceanton, TE 7
H B Y B|vy—-~wnb| Sy J/kg 1rem=1cSv=10"?Sv °
# - #
71| N(=10°dyn) kgf 1bf £ | MPa(=10 bar) kgf/cm? atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ & 1Pas(Ns/m*)=10P(#7X)(g/(cm-s)) 1.33322 x 10™* | 1.35951 x 10~% | 1.31579 x 10~* 1 1.93368 x 1072
BEE 1 m%/s=10*St(2 + — 7 X ) (em?/s) 6.89476 x 10~ | 7.03070 x 10~% | 6.80460 x 10? 51.7149 1
::rfl J(=10"erg) kgf-m kW-h cal (Bt&&) Btu ft « Ibf eV 1 cal = 4.18605 J (3t 87
i: 1 0.101972 | 277778107 |  0.238880 | 9.47813 x 10~* 0.737562 | 6.24150 x 10 =4184J (L3
1 9.80665 1 2.72407 x107¢ | 2.34270 929487 x 10~2 7.23301 6.12082x 10'° =4.1855J (15°C
{% 36x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (B
- 4.18605 0.426858 | 1.16279 x 107 1 3.96759 x 103 3.08747 261272x10*  pms: | ps (LEH)
B 1055.06 107.586 2.93072x107¢ | 252.042 1 778.172 6.58515 x 102* =75 kgf-m/s
1.35582 0.138255 | 3.76616x10™" |  0.323890 | 1.28506 x 10~* 1 8.46233 x 10'® =735.499 W
1.60218 x 107*° | 1.63377 x 107%°| 4.45050 x 10-2¢| 3.82743 x 10"2°| 1.51857 x 10-22{ 1.18171 x 10~ 1
s Baq Ci ﬂ% Gy rad ;Ej C/kg R g Sv rem
it 1 2.70270 x 107! @ 1 100 ] 1 3876 7 1 100
HE = & &
3.7 x 10% 1 0.01 1 2.58 x 10-* 1 0.01 1
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