[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) 00000000000 DO0DOO0DOO0o0ooooooo(@oood
OO000000000OO0DOOooan)
Title(English) Basic study for drive mechanism with synthetic fiber rope (Terminal

fixation method using a grooved pulley and a figure-eight knot)

oo@o) gud,bbood,gooo,gdgo

Authors(English) Gen Endo, Atsushi Horigome, Youki Wakabayashi, Atsushi Takata

oo@o) 000000000, Vol. 84, No. 864, pp. 18-00067

Citation(English) Transactions of the JSME (in Japanese), Vol. 84, No. 864, pp. 18-
00067

000 /Pub. date 2018, 6

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

BEE P Z AW T A VERERO D OERRIIRE
(B E 77— B8 DFHUIC & 2HMEE)

Bk Y, TR R 2, Ak PR S, B

Basic study for drive mechanism with synthetic fiber rope
(Terminal fixation method using a grooved pulley and a figure-eight knot)

Gen ENDO*!, Atsushi HORIGOME*2, Youki WAKABAYASHI*3 and Atsushi TAKATA*?

1. %3 School of Engineering, Tokyo Institute of Technology
2-12-1 Ookayama, Meguro-ku, Tokyo 152-8552, Japan
*2 Graduate School of Science and Engineering, Tokyo Institute of Technology
2-12-1 Ookayama, Meguro-ku, Tokyo 152-8552, Japan

Received: XXXX; Revised: XXXX; Accepted: XXXX

Abstract

A synthetic fiber rope, which is lightweight and has a high tensile strength and flexibility, is receiving much attention as a
replacement for a stainless steel wire rope. To exploit the maximum tensile strength of the rope, it is essential to develop
a terminal fixation method with the sufficient fixing force. However, practical difficulty exists in the case of the synthetic
fiber ropes because the synthetic fiber ropes have very small frictional coefficients compared with a stainless wire rope.
This paper proposes a new terminal fixation method using a grooved pulley, a loop with figure-eight knot, and a pin. The
grooved pulley is introduced to increase the friction between the synthetic fiber rope and the pulley by wedge effect, and
the rope is wound around the grooved pulley. The end of the rope is hanged at a pin by a loop with a figure-eight knot. We
experimentally derived the appropriate groove shape, and demonstrated that our method permits the maximum fixation
force over 90 % of the rope breaking force. An example of implementation for a prototype model of a coupled-tendon

multi-joints manipulator is also described.
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R LA T — T ORRITBE, HEFULWESZ2Z T WS, @lE Lo — o5 RME X, o
Ry FEFRATUIRUVIEHWSNE AT VL AT 4 vy a0 — 2 U T 15~ 2B ETH O mh s, TOHEI
1/5~1/8 LMD THBETHS. MAT, LEHBHFED— T XU RO TRICHIT 2 Z L BARETH LI h 5,
O— 7O B URHRICAECTHEZ2ES Y, BRY MATRIZEWP T WREZEFD. Zh o OF MR
RIZEHL, BEKEjmR > b (Nakanishi et al., 2012)(Trenatanakulwong et al., 2014)(Friedl et al., 2015)(Kitano et al.,
2016), ZEHF ANTLHIA (Morietal., 2009) 22X IZHEAINT WS, ELHS L EFFEEIAVWS Z 2B Ui
HRGED T A ¥ T HERE) L % i 3 Y5t 7 — 4 (Horigome et al., 2014) (X 1) ZFIFEL TW5.

LZATHKDEBHOT A YO —TIZOVWTITHATESKIZE VT - 5% - Rl - T R—=X D —
e (JIS G3525:2006), fiizEt%HH (JIS G3535:2012), EFEARMCCR 747 - EEhas 24 CE/EA (IS G3540:2012) 72
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EOBEND D, WM E M AN DFRBR G IED I BE I N T WS, EZHRICIGU TG EFORERE &K/
Bikg (BIZIE 7 U — UREERIN, T2 R IMERKRY) CXOBHECED SN TW5E., — TR D
TIRFERIZOWTOMMEYMEEZ AL TWBE 0D, 01— 7 UTHR L 2RIz OWTIE, %< DGEaH
ST AL, IFLALIRRIZFREEDO AN A = Ar oI nsg. FLEALINTVWEHRE LTiEn—
TR Ml - LYy — AN R S TH Y, BEENMZERE LTHVW SN TW AT D7 L — DAk
FEEACRLSNE., Lo TaRy MIREINS &S REBROBEMESRE © U Tt o — 727488
TAYa—TORGLRDEDIZNE DD, bR R 2 1TV RN LB MRGE S 2 BB D 5.

EEE, FEHESOMRIN—TTIE, BRET—VIZEENIEZBOS—VERED tu—TERdDEEIZED,
Lt — 7 CTh > THEREH D — 7 L FAROHRE(K T34 U % Z & (Horigome and Endo, 2016), JIS G 3535 (2
BOLLT=V O EUIFIZ L PBOMHEIZ R E 2B N2 KT Z & (Jikfh,2015), —EffE FNTY
V=T EAELSHZ e (EHEAM, 2017) REZEEANTHS MU T E 2. HEOMEERED? S, @EERY
IF U VA DT & Z DA TFIEIZ DWW THEERMIZHEE U 725% (Kirchhoff and Stryk, 2017) X, ##n—7®
RU DIk EXDWEA%FIH U7z Twisted String Actuator O AT (2B 55 (Usman et al., 2017) A3d 5.

KIS TR AL T YO — TOMEBEEEIZ O WTHELEZ Y TS, RELS, fIZAXARIZO—TH]
K COMENE N>/ ULTH, W2 EHEETMICREICEE T2 2 &2 ki, Ro s 2 AEEHT
it 25325 EBELLPFHTERVWRASTH S, MAT, LFEWHED — 7 3&Eo — 71T U T, BEEAED 173
~1/5 FE L IERITEL,, @BV A Y TEEHVWSNT WA HETIR O REEIIESNRNT &0 T
NG, FEEEUTA YO —TIZOWTOMIBEEIEIZDOWTIE, e 2TENARINTEY, TOEB &
ZOMERR (FHEh,/ a— TRl ot rEnTnsd (M2) —F, ¥t o — 71003 2 misE e
HEIZDOWTIXEESDRBRY, 5 F THRRNIGERS N TWIRD - 7.

ZO XD BMEEHED S, EHESFHIHRICBVWT () RETw Y 212k 00 T2 79 54H1E 2) MHEEHMIZE
ENT T TTBHE, QMEUBIZEVIEEY U IZEIT B, @) A=Wz X 28INT (v, sy
A) KB SER E BRI U7z, U LRSS, RN TSR & 3 RIEICFBIMEEZR (1)~3) 12 X B [EE
HIETIE, RRKTEHERRIL 83T BITHE > T\ 2.

KX TIE, T5IZEW0 DA EOFEENZ2EHT S, BHE TS0t —-T2BE 05 Z 212 & 20ERE
EIREHTTIREL, BRIk %2 ERIIZHRETT 5. 3 HDICER 2 mm TR0 PBO e, MIRA &%
ERY TF L Vil TR S Nz e — TR W TERRE ZRWICEE(ET 5. iz — T - EM, o—7
BAEBZTGEIIOWT, NHAMEDLRD 50, EBRIICHRGEET 5.

5 {58 752 S5t 8 [ A8 92 O [ 8 1 S8 T B & iz i, FERBEFEEE 2 D 7 I NI DL ROV F > TWwizfk
FRME T — T OV EEEICN U, INHNZREEHES 2 H 72 IR T A 2 AR L R D, T ENARGH XD
HiTH 5.
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Fig. 2 Terminal fixation methods for steel wire ropes
(modified based on data from (Unirope LTD,
2018).)
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ARHEICIERTHR  TITHET U 7R DU E R D BE R IZOWTHIHICE LD 5.

O — TR O EE ) & GHIT 2% E 2 X 3 I3RS, SIRMAEABBICHEEZIND DU, EiOBEICHk % 22 [E
EETH—72EEL, B— 7 Filde — TEZICHU THAREREE T — ) ICEESMNITTEET 2. Lo
HE% 300 mm/min O —EEHETH & B, BEEIHSVEET S ETHRANEZHALZ E00—TRAEN%
FHATL 72, GABR U 720 E e 2 X 4 (2R3, RESERTY 1 Y OinBEE TR HWS NS 7 a Y Z#MIZ &
0507 ThHD. RIORRZ 20070y 72 R BRU. BE, EESHPRELUZEEET, MM
O—7%BEMIETAVICKIVERET S HET, BRTE241T7—DORV NOEBERHT LI N TES.
—H CHEDERD/NS WG, BEDNITIBO O THIFIZ X BHEME I X B 2 /a2 H 5. Rk
FRETIC L DImE/ED, ZhE 96 £721Z 910 DY VT o HIT 2 HIETH L. #U AL LTIE, HPVHY, &
BHP W, “HEHHRE, “HSOFMHMUTD4MHEEZRML 2. REBICHPIET — 7 X = IR L TT 5 Rtk
RIGRM T TH D, eI ATHD., BREORIPHY ADEKEZ ST CHIMET -7z, B 2mm D 3
OO -7 U CGRERE T - 72, SEERY TF L VilifED A DT — 7 Dyneemal, 5428 PBO fikifE (1 o
V), HRDEEER) TF L U (X1 =—<) THERIND Zylon3, HENKDAT VLV AT A Y 92 TH
5. 0— 7 OFMARRIIERT 5. BFEMEMETIROFEREZIT, TOWEEMEE AW CEENER (EEH/a—
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Fig. 3  Experimental setup: (left) tensile testing device (SHIMADZU: AG-I, maximum force: 100kN), (middle)
rope arrangement using jigs, (right) schematic figure of the rope arrangement.
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Fig. 4 Terminal fixation methods tested in the previous work.



Table 1 Strength efficiencies of various end fixations (Horigome and Endo, 2016).

Dyneemal Zylon3 Stainless3

Diameter [mm] 2 2 2
Tensile strength [KN] 2.14 2.99 3.50
Clamping (small) [%] 80.0
Clamping (small)* [%] -
Clamping (large) [%] 65.0 72.3 90.2
Clamping (cylinder)  [%] 58.9 83.7 -
Bowline [%] 47.1 63.1
Yosemite bowline [%] 51.2 -
Double sheet bend [%] 50.5 -
Figure-eight loop [%] 50.9 53.2 73.6
Calking (1) [%]

Calking (2) [%]

Calking (3) [%]

Sewing (10 mm) [%]

Sewing (25 mm) [%] 85.4

Sewing (40 mm) [%] 81.3 90.8 -

*Making knot at the end of clamping to prevent slipping.

- : Slipping E : Rope breaking

FEE AR 112789, Stainless3 TRAERD Ty 7L 527 527 TH 80-90 DHERIRBESNT WD D
U, LT — 7T 18.6 %-723 LK > TWA. M2 T2 T2 DWW TIE Zylon3 (24 L Tl 83.7
% &\ ME% R U722Y, Dyneemal TIX58.9 % TdH D, AHMTHRWI LMD o7z. FETITONWTIX, ZOHMELR)
13 36.6 %-53.2 DIEEDIETH 0, WEMGIZ 2 GFTIAE O HITHK S TR 2 LS ETETH - 72, F724E
CHE UTIEZE S OFFEUON B RN R W L2300 o 72, FHRII T TH BH B 5\ 0 IE Y 22DV TI,
FABMTES S ZAMATENERETE L Z 90 WEEMER LR, X1 TREALZHTikRd K WEEAIET
HBZENDDB. LPLEDNS, 20O &5 2N TARIE, L2350 —-T2E2RORITIER S %
WEWS LD 5. —RICEMER O D — T 3B Y Yo —FICl L TR ERYMHETE KO &
"o, BEREZFOEELARTNIERS RN &I, BEBaRY oKL S 2R T 1 VEERIEKEEZHo0Ry
FDYE, FHERERMELL->TULES. o IbFMin — T —EME N TRLICMEEEL D7) —
THRMERHISNTE D, WEEEHEE U TREENHHTE2 2 e REX L.

PAED S, FEkOUREE k2D — TICHH T 554, Tok 2 cEeHons.

o HifliZ 7Oy 212X B 5y T TIRTDRETENIES N,

o “H S DFHENIT L VA AED MBI GIETHRAS3.2 DMENEIF/OND.

o FHERINI IS B WVIRENRPE S NE D, o—TEIEE L 2 5MERD 5.

X D EEM AR B LRIz DWW TIESCHR (Horigome and Endo, 2016) % & X u7z\0.

3. BET—) EEVERWEIBHEEEDIRRE

FIEi TRz &k 512, v—T2EMNHFEMITEET, D, WEMED 90 B L% FH T E 2 M — 7D
EIEIERZHS PR TWRY. KD EWVEBESRZ LT 572012, AHiCIREME TV ey 2HAVE
W EE L AR KT S (M5). —EHSDFEHNIZLBEETIEIBE L F 50 BOIRENEIESNE Z LA
DoTWVWBIenn, HUIDEENMIZES ETIZ, BH%E 100 %05 50 A NITHEIES 2 e TENRE
W, SRR BEIER720121F, MOoEPWIZL BB M, EET—Vica—-TEEE M), NV NOE
BERMAT S HEPEZONS. UL LR obFif e — 7 I3eER o — 7 U CTEBREDBE L </hT v
Zes, BREET =) TR AREBLEEONT, WYTIR RV, 2T, BRI XD ERAREE B
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Fig. 5 Schematic image of the proposed fixation ) ) )
method. Fig. 6 Relationship between D/d and strength efficiency,

and its empirical equation (Horigome and Endo,
2016).

IZHERT 52 DTE S, EEMNE -V 2FHETL I L 2RET 5.

AFEZ2O0HENRDH 2. H1OMMIE B—T2ER2AGIIEAHAETHLILTHS. WmBlE_-EHSD
FREFIZ L DA TH D 2 h 5, RN TYER 2B TIIEREEZD I LN TES. FH20H K
X, ENET=VICKVEEHDE T NT M, $7E8ENIZ0-T2EEEL T2V AETHS. @
WOWT =) 2[5 DTHIVIEBN 2B DL DB EMITEBDRBEL 2D, ZTOFEER, 7—1) DFEMA
EWMARTHILIIRDE. BEHOHARID—T2EOHRERKL, SRAICHOENPL LY, @YRE%
MESENZIR DT A Z e DL o TLE S, FHMOEELRL L ANERBI1TY, HAaIEh =) hsa—
THWET HEMRMEL T IIhs. EAET—V2HVWEZ e TCINSDOREERTE 3.

4. BNE T DKE

KX DEHMIE, NITa— T RE BT REREER R 900 %A LOEE HiEEAKET I Th S, K
KedH0— 7L Zylon3, ERIEERY NMEEEETLIXUIEAVWSNS 2mm &35, ZZ TIHEHEDEED
2135 7-DDWEMNE T =) OER L FERRIZ OV TEHMICHETT 5.

41 ERET-VOER

B E T =) OBERIZNI TN WIEE N OEEREE D TREL 72 5. LA LA S, Agadhiyz2o—
TIZH5ZB L, U—TNORARNDIRHBAPAYT =700, LY d<5s Il ehn—RizisonTns
Zenn, EREOREILHEEHREDOMIZII ML —RRA 7 DEBED 5.

EH 5 DM THZE (Horigome and Endo, 2016) Tk, {bifliiftn — 7 OEZ R 112 X 258K I DWW THEH
ET =) DEZEENTA—RE L TEBRNIZANR, RROEHAZE7 (X6).

0.59
ANl —— 1
Mo D) 6]
ZZT, mp lFETIC X BRESE, DIXEET -V ER, didu—TEETHS. D=375mm,d =2.0mm &
T5L, 0,=0916>09 272525, D=375mm £ EDZ. (ARKIFETOImEL >#HIFE2 Y DOERS
M, =071>0527%25K51Z6mm &EDT.)

42 BRI

421 BRI

HBAET—) L0 ESHDERDZBINCELR T 57720, A4 5 —0~)L hOEH (Euler, 1762) DR % 3k
R5. M7ERERE =V IIcEENrToNZO—-T2RKLTWS. FANGIEE—TOM/NESE A0 (2B hzEx
5. BAT BECAREINT WS L &, AUiORNIEn -T2 7 =) OB Fr 2k 5T, THAT ~N22H4L



. . Fig. 8 Equilibrium of forces in the
Fig. 7 Analytical model of the rope wrapped around a fixed pulley. groove

T2, (ZZTT>0, AT<0,95.) 7—UDoOEEFIEN LT 5L E, x i, y AADKEZDIIDDY
Hunrs, RAEE5.

Fy,+ (T 4 AT ) cos <A29> — T cos <A29) =0 2)
N — (T +AT)sin (AZB) — Tsin (AZG) =0 3)

ZIZTAOAT % dO,dT L EEHZ, cos (L)~ 1, sin(L) =8 LiEMHT2ILickhiRAREE.
Ffp+dT =0 €
N-@r+an S =0 5)
ZIROWUNEETHAT A Z X kX E2EF 5.
Fyy=—dT ©
N =Tdo 7
TITr—uVEBENEL, u kR ARIEERRRIE TS
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LR % T cHOMAEMTT 52 TIRNE2E5.

T dT 6,
- / << [ nae )
n T 0
B < exp(u6y) (10)
T

ZIZTNOh, L Fu— 7@ <iEl, 6, 3BESMNIMTHS. mAFHILEE 0 — 7 LEE T — ) OB
(&, -7z ipe L& EMNIME 0, FUSTOWERNZ =Ty £ 95&, u—7 iR T I3ME 6
DR LT FATREI NS,

T = Toexp(—u0). (11)

U—TRNT %, T—VANDESITAHE 0 LR U OAEKF LU THEL, B— 77— OERITIIHK
FLRWZ DN 5.

iz, WNET-V OGO - TR T LEREN F, OBIRZERT 5. K8 FHIZO—THRVIAATY
L EOMENMERLTED, TIIZHADPRINT VWS, ZOLE o lXBEOMAE, T, 137 =V Ul & 1248
<H, Ny \ZEEEHID 5B SN EEHN, uN; 30— TREEATFDLRNE S ICEZ BB NITH S, AR
X 2)-(11) DEH I, ET—V)IZHTIHMTHEIDT, a=180 EDGFETHILLARTIENTES, 7 HN
DIDDYEWILEANFRTH B Z DS HHBRDT, y HAIDMAIZDONWTHE RS EIRADERBESNS.

N sin (%) 2N, cos (%) —T,=0 (12)
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DEIIZERTDHILNTE, BHTHR 1) LRI
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LLTRONG. $eHde, ENET-VDou—TRIIE, A4 7DV IOERIDESNERNTHLT,
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Wi -> TRER T 5 Z enFHIN, WRDENEL L RN LR FRINL.

U7z THROB AR TERIR 2 EBRWICEH T2 22 2 Uz, MO AITRT LI, &EHNT AKX UTHHME
al, BER 22 E, FMEEREHR U 2HRAMEL, 2B DIGHERC X ZHMERIDOETZ2EDIZL W
Bl IR E EBRICE OIS T . ENE TV DOBERED IX37.5mm & L, #EHX SUS304 & L7z, 95
MO (. =30,45,60 ED 3FEL ¢ =0.5,1.0,1.5 mm D 3 FEDFHAE DY) (X 10) 125 L& 3 [[3 D5 5EA
BETw, BEERDS.

Groove Angle a

30 deg | 45 deg I 60 deg

0.5 mm

Synthetic Fiber Rope
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1.0 mm
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Fig. 9 Rope deformation (left) and design parameters of the grooved
pulley (right).

Fig. 10 Groove shape tested.
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Table 2 Ropes used in terminal fixation force measurements. All ropes had diameters of 2 mm.

Niiie Modsl  Sugplice Tensile strength [kKN] ~ Weight Core fiber Sleeve fiber Cost™!
i Measured Estimated % [g/m] Fiber Structure Fiber Structure  [USD/m’
Dyneemal v Dyneema® 1760 dtex
DB-60 N 214 394 54 17  SK60  x8strand 0.81
Y UHPE braid
Dyncema2 Havami Dyneema® 2640 dtex
E DB-9GHSL ™ 468 781 59 24  SK71  x8suand 1.62
Y UHPE braid
Zylon2 % Zylon® 3340 dtex
H 308 PO 640 989 64 29  AS  x8swand 1.80
t PBO braid
Zylon3 Havami Zylon® Dy“g"‘a 770dtex
py20zL %™ 327 371 86 2.7 AS 10020 dtex x16strand  2.25
industry PBO SK-60 raid
UHPE
Vectran2 Efavam Vectran® 3340 dtex
VB30s DU 419 641 65 2.9 HT * 8 strand 1.08
try Polyarylate braid
Stainless3
C-200 Asahiintec  3.50 - 16 SUS304 7x19 1.61

\

UHPE: ultra high molecular weight polyethylene, PBO: poly(p-phenylene-2,6-benzobisoxazole).
*I' When each 200 m length of rope was purchased, 1 USD equaled 111JPY.

. — Applied Force

Base

Force Sensor
ANNNNN N\

Grooved \)
Pulley

—-—
=
S
(¢}

— Applied Force

Fig. 11 Tension measurement device.
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CEE S, IR L TERIIBDICHEIMEZ L TWEZ s, KEELODEREORME Y Lo TV T
OThH5. MO3FHEOE—TXE— DK TH S 8 THD. ({LFMMEROUMIZOVWTIIMARRkE 2RI N
W) RERDOEEHY 4 Y u— 7 DMFKE LT Stainless3 ZifllZ L, fEHE% Zylon3 & KT 5.

52 ERAEHAKE

G ERARE u ZFHAIT 272002, RTHDRNI T BEC T 25HIT 288X H 5. T 1351 RAEEIZ LD
FHIL, T BB LICI DU EE e K 0FHIL 2 (K1), v —7imifiEMbEcRInkoy B
ZHUO T o, SRS B & AR TR U 72 RS 3 25 A, 2 DAL % 73 f#RE 0.015 mm D Y = 7 g5
T a—X (AS5306,ams) (2 & o TEHIT 5. FHUMTRE A AMEIXEMI N F 2 ZLH S 5 2 & THEITT 5.

53 #R

Zylon3 & Stainless3 (Z DWW THRERNR 2 JE L 7z, 5okl D Lia I E 77—V %2, FiREICE—
TEFAZHLU TS0 M5+ KER G100 mm O 7=V 2 £ 4B L. 0—7 Lz #EdE 77— 105
I 7= MEX, Zylon3, Stainless3 T#% 1350 &, 270 ETH 5. £ 5 — 00— T Fifid, +27REE 0 E
U2 ETETS—VIZEBEEE 2T, v -T2 ~ERHETELIZHR-72eE20u—T RN T BLUT T ORR
GIZEACZ ISR L, WS 2 ETEHllZ T o7z, BFEBREMET I RIDFHIZIT, SEMEIC X 0 BERRE KD,
FER G % R 3 ITRT.

FEEAERZK 4, 51287, Zylon3 DFE T, IFIFTRTOWEMNE T — 1) T 85 LA EDIRERN KRBTGS N,
BRMEIX a=30deg, ¢=1.5mm D& &, 913 % TH->7-. (LA, ZOEBREREELIERZ 12T 5.) £z,



Table 3 Experiment condition.

Temperatures
Humidity

Tension speed

Sampling period of tension

18.5—-20.0°C

28 —46%

300 mm/min.

After winding (7>): 0.015 s
Before winding (77): 0.01 s

Table 4  The average strength efficiencies at each groove Table 5 The average strength efficiency at each groove
angle o and each groove fillet diameter ¢ with angle o and each groove bottom diameter ¢
Zylon3. [%] with Stainless3. [%]
¢ [mm] ¢ [mm]
0.5 1.0 1.5 0.5 1.0 1.5
30 | 81.4 | 86.0 | 91.3 30 | 97.5 | 97.5 | 975
ofdeg] | 45 | 89.8 | 84.2 | 89.7 ofdeg] | 45 | 98.5 | 97.5 | 98.5
60 | 89.6 | 89.3 | 88.3 60 | 98.5 | 97.5 | 98.5
0.3 0.7 ®
025 0.6 l
0.2 0.5 \l\. !
= 015 . &
0.3 " —
0.1 l l\L o — 3
0.05 T ol
0 0 15 30 4‘5 60 75 90 105 120 135 150 165 180 0 0 15 30 45 60 75 90 105 120 135 150 165 180

Angle of groove a [deg] Angle of groove a [deg]

¢=0.5[mm] H no groove 4 ¢=0.5[mm] H no groove ¢
¢=10[mm] @ Theoretical value ¢=10[mm] @ Theoretical value
¢=15[mm] 4 ¢=15[mm] A
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Relationship between the groove angle and the
equivalent frictional coefficient with Zylon3.
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Table 6 Experimental results of strength efficiency with various rope materials and diameters.
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Table 7 Physical properties of synthetic fibers(Ohta, 2010)(Kuroki, 1998)(Yamamoto, 2006).
Strength ~ Young’s modulus  Elongation Density

Fiber name Material

[cN/dtex] [cN/dtex] (%] [g/em?]
Dyneema®) SK-60 UHPE 28 900 4.0 0.97
Dyneema®) SK-71 UHPE 37 1150 3.7 0.97
Zylon®) AS PBO 37 1150 3.5 1.54
Vectran@®) HT Polyarylate 24 530 4.0 1.41

UHPE:ultra high molecular weight polyethylene, PBO: poly(p-phenylene-2,6-benzobisoxazole).



