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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.

Keywords ; Link chain, Curbed beam, Finite element analysis, Fatigue

* MRS AT LR WE 7 —7" Mechanical and System Safety Research Group



—2— LRI HE  NIIS-RR-2001 (2002)

1. #&

il

Voo Fx—rbid, —RICUEZBHBRICEE
Lz v 7 R >7=b 0% W, BATE JIS B
88127 IR W\T, K& FH (B@EF=—2) Lu—
RF == IIHEENTWS ., FHITRELOREED
BEE, FTO0MAR L, e —FF=—i3BE
W arR_X7 o iEERICERAS TS, Y
VI F—rOHTYH, MEERICERISRS r—F
Fx—VEHERY ETFEVEBARGELEY &, T
BEEBOF THIFFICEERREZH-TWS., 20
72, THHREERICHETTS L, BOHOETRE
LV ERKE? 23&E Lok, LER-T,
TIEAFEICBIT D HEEELZ LT 57201, V>

JF z— O EBIET A ENEFICEETHD.

EIATI vV IFo—r, BHllo—RFFz2—rDR
RIS TLH LD LEDLENTEY, EBRA

BANOER THENCHEE 5 Z LITETENE VRS,

m— RF = — 2 OWETOFERIZ, KEMEHTHD,
THUEIEE 0 BB CAEE S A E L D BTSN
WETHZZ. Mx<, BEOEHAR (BRI
OIE) TIEFHREOER L 25 2 ZoBRHNE
HipZ L) D, WA CIIREARBEL 2o T3,
IOV I Fa—  OEEBEEL o TND
bbb, Vi rFo— OFEDREIZONT
BEACHFZE Ll ¥ P g L A 8L, EhF0EE
DEHES 1S, 3 RIEEHITEHE LMD bige
A ERN,

FITIV I F 2=V DI IR DL
THEHREEZRDS L L b, 3 RIEOHRESMEN &
TV, OFTHF—DIc L3 ERE L b L. 20k
TEFPRBREITY, BEHERSIOENCBNTSH
BERICRDEE, BYREORANR KT L%
RTHEEIE, Voo F o OFELRETMAEIT
ofc. ElEBRETEME (SEM) TV 7 Fo—
CORFWERBEL, WKE L AFREDBRIZOW
TRELEDT, HELHRETS.

2. ZRFTI>HEM

21 BHFETIL

JRHERATIZIE, 20 BT E 19.6 kN OBEiIR A 2
MEHAEZNATWD, BE1I0mm DY VI Fxz—r%
BHLE. Z20F = — 2V OFERMNEIL24.5kN TH5H.
V27 OFRE LU EE Fig, 1LIRT. EEOD »
7 F = — %, Fig. 1 © X DA O ERIMhOE

33
13
/ﬁ\\
|

Fig. 1 The configuration of a link used for stress
analyses. Dimensions are in mm.
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(b) Boundary condition

(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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Fig. 10 Relationship between load range and number of
cycles to failure.
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Photo 3 Fatigue fracture surfaces of the link chains.
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Photo 4 Examples of fracture surface observed by the
scanning electron microscope. AP = 55 kN.
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