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3. On the Properties of Internal Damage of Crane Wire Ropes
by Masazumi TANAKA*

Abstract: As it was introduced in the previous chapter, the presice investigations on the crane wire
rope fracture accidents showed that the remarkable internal damages formed prior to the accident
were found in many cases in IWRC (independent wire rope core) wire ropes.

If this kind of damages were formed even under the usual working conditions, the present in-
spection system would be insufficient, because the usual inspection mainly depends on the external
observation by naked eyes and therefore the internal damages usually could not be detected correctly.

However, it is not clear whether such supposition is true or not, because the working conditions or
history of working loads could not be confirmed for all cases of accidents, and under such situation
it would be difficult to decide the target of studying countermeasures for preventing the accidents
of this kind.

In this study, therefore, to improve such ambiguous situation, a thorough experimental inves-
tigation mainly consist of S-bending fatigue tests and the following pres ice analysis of damaging
condition of the ropes was carried out to certify at first whether the remarkable internal damage as
mentioned above could be formed even under the allowed loading conditions, and then to confirm
the relations between the fatigue damaging conditions and the various testing conditions referring
to the real working conditions.

The main results obtained are as follows.

(1) Two kinds of IWRC wire ropes showed the remarkable internal wire breaking damage in many
cases preferential to the external ones under the S-type bending fatigue, not only under the
allowed D/d (ratio of sheave diameter to rope diameter) and the rated loading condition as the
basic ones for this study, but under other mechanical conditions with the rope tension and load
frequency widely changed.

(2) They also showed the similar internal wire breaking damage under the S-type bending fatigue
in many cases excluding limited conditions, under the environmental conditions of insufficient
rope grease, clean water dropping and salt water dropping.

(3) Under the U-bending condition, essential damages for both wire ropes were also the internal
ones, although the external wire breakings were more than those in case of S-bending.

(4) From such results, it may be concluded that the IWRC wire rope, when it is used as a travelling
wire rope, has a characteristic that the internal damages are apt to occur prior to the external
ones.

(5) Nevertheless the IWRC wire ropes with such characteristics are widely used for cranes, the
present inspection method practically relies on the external observation by naked-eyes which
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can not essentially detect the internal damages. This situation seems to be fairly uneasy ones,

and it is necessary to take any countermeasure to improve it in a hurry.

(6) It wouldn’t be an appropriate method to prevent the internal damages by means of the change
of working conditions when the IWRC wire ropes were used for cranes. Hereafter, it would be
important, for example, to develop the simple and convenient NDT (Non Destructive Testing)
methods capable of detecting damages in the ropes even if those were the internal ones, and/or
to study a method to make the discarding standards more strict, and so on.

Keywords; Crane, Wire rope, Fracture accident, Wire breakings, Internal damage, Bending fatigue,

Environmental effects, Non destructive test, Discarding standard plasma chemical reaction, surface
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Fig. 1  Construction of test wire ropes
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Fig. 2  Microstructure of the wires of test rope
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Table 1  Chemical compositions of test wire
#HiEA0— T RO
Material C Si Mn P S
JIS G3506 | 0.63 0.26 0.49 0.011 | 0.015
0.59 0.15 0.30
< <
SWRH 62A ~0.56 | ~0.35 | ~0.60 <0.040| = 0.040

Table 2 Diameter and sectional area of each wire
FROEFSLUHER (IWRC 6% Fi(29))

Wire Wire of strand Wire of core repe
(cf. Fig. 1) do & 83 So—o | 01—0 | do—1 | 011
Diameter (mm) 1.52 | 1.09 | 0.42 0.94 | 085 | 0.75 | 0.75 | 0.72
Sectional area (mm?) | 1.81 | 0.93 | 0.14 | 0.69 | 0.57 | 0.44 | 0.44 | 0.44
Used number I1x6] 7x6[ 7Tx6{14x6] 1x1[6x%x1]1x6{6x%x6
Total area (mm?) 10.89| 39.19| 5.82 | 58.29 | 0.57 | 2.65 | 2.64 | 14.66
Total sectional area of the rope 134.73 mm?
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Fig. 3  Wire rope fatigue testing machine
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Fig. 4 Sheave arrangement for S-bending test
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Fig. 6 Example of wire breaking from light abrasion at
the bed position
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(a) Striations formed on the final fatigue fractures
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(b) Intergranular fractures at the area of fatigue crack
initiation
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Fig. 7 An example of microfractograph of fatigue
fractures of wire
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