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The Three Dimensional Stress Analysis and Fatigue Strength Evaluation
of Link Chains in Chain Hoists

by Takashi Honpa®

Abstract : The link chains are used in lifting machines, such as a chain hoist and a conveyor. They are very
important components in those machines because the fatal accident may occur by the falling of a load when a link
chain is fractured. Link chains used within the rated load are seldom fractured statically since the safety factors
of them are defined as 4 or 5 in JIS B 8812. However they are usually fractured by fatigue. The fatigue fracture of
a link chain occurs under small load further than the tensile strength of it, and it is difficult to detect the fatigue
crack in the periodical inspection, such as visual observation and elongation measurement. Not only fatigue
characteristics but also stress distributions have not been clear due to the complex shape of a link chain.
Therefore the fatigue of the link chain becomes large problem in loading facilities.

In this paper, in order to clarify fatigue characteristics of link chain, the stress distribution in link chain
considered as curved beam was calculated, and the result was compared with the analytical value of the
three—dimensional finite element analysis ( FEM ) and the measurement values by strain gauges. In addition,
fatigue tests of link chains were carried out in order to evaluate the fatigue strength, and then the fatigue
fracture surfaces were observed by the scanning electron microscope (SEM).

The main results obtained in this study are as follows:

(1) The analytical results by FEM are agreed well with the surface stress measurement results by strain gauges.

(2) The stress distribution in link chain considered as the curved beam is greatly different from FEM and
measurement results by strain gages.

(3) Fatigue cracks in all links used in fatigue tests are initiated in the point where the tensile stress analyzed by
FEM becomes the maximum value.

(4) As a result of fatigue tests, it is clear that the fatigue strength of link chain is almost the rated load.

(5) The striations are observed in the fatigue fracture surfaces of link chains tested under limited loading
conditions by the scanning electron microscope.
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Fig. 1 The configuration of a link used for stress
analyses. Dimensions are in mm.
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(b) Boundary condition
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(a) Element division
Fig. 2 Element division and boundary condition
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(a) Link chain (b) Curbed beam

Fig. 3 The analytical model of link chain considerd as
curbed beam.
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Fig. 4 The stress distribution of the link chain analyzed
by FEM
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Fig. 5 The comparison of the stress distribution

between FEM and curbed beam.
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Fig. 6 The strain gauge attachment position.
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Photo 1 The stress measurement of link chain.
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Fig. 7 Example of the relationship between load and
stress measured by a strain gage in loading and

unloading.
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Fig. 8 The comparison of the stress distribution
between FEM and measurement value.
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Photo 2 The link chain fractured by fatigue.
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Photo 3 Fatigue fracture surfaces of the link chains.
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(b) final stage of fatigue

Photo 4 Examples of fracture surface observed by the
scanning electron microscope. AP = 55 kN.

BHFHREOBTFEMBEEMEE. AP=55kN
4. 5B EEHE

4.1 HEEHE
Voo Fo—vDEFEEBIOESRELTERD
7edie, Voo Fz2—=r3 00 7%8-5T 1 AORR
ﬁ&b FWHRBEEZITo72. EHABRIZIE, 98 kN &
DOBEBK[MERY — R FEH L, sk R1%0.1
& L/?Lk_-

ERL P FEmE

NIIS-RR-2001 (2002)

4.2 REMER

Photo 2 IWEFWE L-RBRAFZ2TT. ZoKO X
5_,ﬁﬁ%%_#btﬁﬁﬁmoz 1 Az £
TORBRABEMAEIZEAE LTHETLEZ. Vs

BEAEIE, FEM fEATCIS A1 3IE THI3R 0 i 1 23
KeEipozEmTHY, FEM BB L OGS HBIERRD
BUMNEMT ONARRE 20T,

Wiz Fig. 10 IO B AP &K £ TR Lk
DR ERT. RBRFOMBRE, FRLEY 7 F
TV DOERMELER LTV, ESE L MR UK
DERIT IS EREZRLTEY, EFICELEN
MEV. ZoZ ki, VI IBEHARORAETOR
ERKENZEEZRLTWAS. 2 LERRERLET
i, BHEEMETOIEL 2240, EFRETHS
10" [E DMSE LI E TR LR Wb DORBoTm—F, +
? 1/10 LT DR UECRERT 2 b D2 b - 72, i
—AR71ET AP=225kN (BAWENERHIE) CTHET
LERBRA RS- 72. 2N 6 ORFRBERNS, 20
Fx—OEFEEIL, IFEERTETHDH L VLD.

4.3 WEEHE

IEHWE LR BR A O E# £ %1T > 7. Photo 3
IZIRm O~ 7 n BEFRERT. WESEH AP AKX
RBITDITEFOFEEN/NES 720, HAICaT
Lk%%@%ﬁﬁﬁ%%bfwé *7= AP AN

R, &%Mﬁﬁﬁ<&ofwéwﬁﬂwé

é% WWEFHEROI 7 a B eRlET L0
BB FBEMEE ( SEM ) Ic LV EEEET- 7‘:.
Photo 4 1z A P=55 kN T L 72 f¢E % ~3. Photo
4 @QITEFHREVHOBER TH 24, HFHMm o 1z
BB THDIRA NS A =—var " REEEhTND

IDANITAT—Va i, ﬁﬁ%%#@@?é_o
TR L, R 0iz Photo 4b)D & 51z, FEMEREE
DB THBHERAL FERA M T =~ g /75>{E‘v]‘ L=

mﬁkﬁé.—ﬁ AP =225 kN Ti&, SHiERER
BHB/NEWTD, BEEEHESRIChE 5T, T

Dﬁ%%&«%%%%%@@ébt@ﬁ&t@,@%
EBERIETA N TFTA— g VdBEEN R T-.
W AP =72 kN T, JEIIERBEBIKENWD, X
FoA == a TEFO LW LVEES LT,
FDHBITARA FRXENZ2EEFEREZ L. 20k
IV F 2= DEFHTIE, AbTAZ—vay
IIEEICR DI B ESE T C LAEIERT 3 2 &R
iz hvo iz,



U7 F = 3 WITIETIAT &R 57 SRR =7

il

5. #&

Voo Fa—aOVRERRL, IS/ ERD
%I, 3 KIEDHRBERENZITV, OTHT—
DI L AEREL B U, ERRFRBRETY, U
VI Fx—r OREFREFTMEAT O LRI, 2ER
ETFHEME (SEM) CEFERELZEBEE L. Goik
BRIZLLTOERBY THS.

(1) FEM ##TfE R & OB — DI & B RS FHA
BRI &L

@Q Vs Fe—rh#DBRELELTRDEISAL
#iit, FEM REAER L K& BARY, Voo F
2= EMOBLERRTIENTERNI ERNS
Mo T,

@ Vo Fe— v OEFRBEEZIToETH, FEM
TR TRV S HRERE R BT R AL L
THEE LT,

@) FEHRBROBE, V) 7 Fo— OEFREIXIZIE
ERHETH 7.

G) Vs Fo—rOEFWEEEEETHERETE
BLEZLIA BIREORBTCHHEA NI A = —
Ta ik, BB ONEWERE T TCLIBES
iehoiz.

ZE M

1) BATERK, Fo—VrTuv 7RI 7 F=-—2B88L2,
(1999), BAHEHS.

2) B, XH, TN F o —UHEBESFATREE,
1998.

3) W, ESEGE, 22 - 1(1983), 2 - 6.

4) BB, R, BAERESRIE AR, 61-590, (1995),
2120-2126.

5Y IRB, R, BAEMZESHTE AR, 61-586, (1995),
1302-1308.

6) il ziE, TP, AELEE, (1985), 228, HHETHIA.

D BAMBEREE757 774 HMEER, 777 VT
7, (2000), 134, hE. :

(FrL 1441 A 25 B ZH)



