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Case Study : Failure investigation on the cracked crawler pad link
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ZG30CrMnMoV : Low Alloy Steel Casting

The People republic of China

Chemical Composition

C < 0.3 %, Si =0.3-0.6 %, Mn= 0.6-1.0 %, P < 0.03 %, S < 0.03 %, Cr = 1.3-1.7 %,

Ni = 0.3-0.5 %, Mo = 0.3 -0.5 %, V = 0.05-0.15 %,

Mechanical properties

Yield Strength > 590 MPa

Tensile Strength 830-980 MPa

Elongation > 10 %

Reduction of area > 50 %

Impact energy

Hardness

>40 J

248-302 HB
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1. Introduction

ABSTRACT

Anin-service failure of traveling gea .crawler pad occurred on dredger. Inspection revealed
cracking of two links that connect i idividual pads together. Intergranular brittle fracture
occurred on the links and a significant amount of chain-like and rod-like A1N inclusions
were found on the intergranular fracture surfaces. Examination of mechanical properties
indicates that the plasticity and impact toughness of link material are considerably lower
than the specified values, lndicatin; the brittle nature of link material. The presence of
intergranular AIN inclusions resulti 19 from considerably excessive aluminum content in
link material is responsible for the brittle nature of link material. The presence of shrinkage
cavities facilitated the cracking process.

© 2010 Elsevier Ltd. All rights reserved.

Anin-service failure of traveling gear crawler pad occurred on dredger. I ispecnon revealed cracking of two links that con
nect individual pads together. The crawler pads consist of cast steel JinksWI -ldjoined to sheet wings (Fig.1).The Jinksare the
components that connect traveling crawler pads together into the tracks. ~'hey are connected by a steel pin through female
and male Jugs on the either end of casting. The tracks, in turn, enable the dredger to move around the mine site. The link
material is ZG30CrMnMoV. The specified mechanical properties are as fol ows:

Ultimate strength: 830-980 MPa; Elongation: ~ 10%; Impact energy: ;: 40 J (at the temperature of _5°); Core hardness:
HB 248-302.

2. Experiment methods

The chemical composition of the failed link materials was determined by spectroscopic chemical analysis method. The
microstructure was observed by scanning electron microscopy (SEM). The fracture surfaces were observed by visual and
SEM. The mechanical properties were conducted.

3. Results

3.1. Visual observations

The link is 840 mm long and 331 mm wide and consists of two male ard female eyelets/lugs. The two cracked pad-links
(Nos. 1 and 2) are shown in Figs. 2 and 3. For link 1. cracking occurred at the neck of the eyelet and the trace of crack is

• Corresponding author, Tel.: +860411 84729613; fax: +860411 84726911.
E-mail address:xxiaolei@dlmu.edu.cn (X.-!. Xu).

1350-6307/$ - see front matter © 2010 Elsevier Ltd, All rights reserved.
doi: 10.1016/j.engfailanal.201 0.01.004
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Fig. 1. Crawler pads: (a) front view; (b) rear vi,-w: (e) side view.

FIg. 2. Cracked link 1 (side fale).

Fig. 3. Cracked link 2 (end face).
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basically consistent with the neck fillet (labeled crack 1-A in Fig.2). For link 2, cracking occurred at edge of triangle hole of
the bottom of link (labeled cracks 2-A and 2-8 in Fig.3). The cracks present wavy. Crack 1-A is about 22 mm long and cracks
2-A and 2-8 are about 13 mm and 73 mm respectively.

1104

3.2. Examination of metallurgical quality

3.2.1. Chemical composition of link material
Four samples were taken from the link segments dose to and far fror 1 the cracking location to conduct chemical compo

sition examination. Table 1 shows the chemical composition analysis results, along with the specified chemical composition.
It can be seen that Cr and Mo contents in link 2 is below the specification and less Niwas probed in the two link material. It is
important that the considerably excessive AI content was probed in two link materials.

Table 1
The results of the chemical composition analysis of link material (wt.%).

Components Samples C Si Mn P S Cr Ni Mo V AI

Unk 1 No.1 0.24 0.52 0.80 0.023 0.018 1.62 0.019 0.29 0.10 0.20
No.2 0.23 0.52 0.80 0.023 0.023 1.62 0.024 0.29 0.10 0.20

Unk2 No.1 0.23 0.57 0.87 0.016 0.015 1.18 0.026 0.19 0.06 0.36
No.2 0.22 0.56 0.92 0.020 0.025 1.20 0.024 0.19 0.06 0.35

Specified ",0.30 0.30-0.60 0.60-1.00 ",0.03 ",0.03 1.30-1.70 030-0.50 0.30-0.50 0.05-0.15

Fig. 4. Microstructure of link r late rial.

FIg. 5. Cross sectional morphology of crack 1-A.
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3.2.2. Microstructural examination
Microstructure in various regions was observed by OPM. The observa :ion results revealed the microstructure of the core

is composed of tempered martensite (Fig. 4), which is normal texture of cuenched and tempered link material. The sectional
sample normal to crack l-A was observed (Fig. 5). It can be seen that th ~ external section of crack l-A is wider and a thick
oxidization film is filled in crack. Oxidized surface of the crack confirm! hot tearing phenomenon [1]. The inner section of
crack l-A is shallow. The thicker decarburized layer consisting of ferrite' vas observed at both flanks of the external section.
However, no decarburized layer was found at both flanks of the inner section, which exhibits normal microstructure in
accordance with the matrix microstructure. It is suggested that crack l·A had produced before quenching and propagated
further from the external to the inner during quenching process.

3.2.3. Mechanical properties
Tensile, Charpy V notch impact toughness and Brinell hardness tests were conducted. The results of mechanical proper

ties are presented in Table 2. The hardness values of link material match technical specifications, whilst, the yield strength
and tensile strength values are lower than the specification except for the yield strength values of link 1. Specially, elongation
and section shrinkage and impact toughness are considerably lower than the specified values and no visible necking oc
curred on the six tensile samples, indicating considerable brittleness of the link.

From the fracture morphology of the tensile and impact samples, the f'acture surfaces are rough and crystalline and inter
granular fracture features were exhibited (Fig. 6). No obvious fiber region and shear lip were found.

3.3. Observation of fracture sutfaces

Fracture surfaces were prepared by opening cracks l-A 2-A and 2-E of the links. All the fracture surfaces have similar
macro-features detailed as follows (Fig. 7):

(1) The fracture surfaces are very rough and sustained discolouratior showing oxidation tan.
(2) The fracture surfaces exhibit intergranular fracture features and 1 he grain size is very coarse, similar to the fracture

appearance of tensile and impact samples.
(3) No radiating crack propagation marks were found on the fracture surfaces, which appear usually on the quenching

cracking fracture [2], so cracking resulting from the quenching may be excluded.

It is difficult to reveal the fracture features of the failed links due to i thick oxidation covering on the fracture surface. A
penetrating fractography investigation were performed on fracture surfaces of the tensile samples by SEM. Similar micro
features were revealed on the six fracture surfaces and representative fra :ture morphologies are shown in Fig. 8. The fracture
surface reveals intergranular features with the coarse grain size (Fig.Ba) and the shrinkage cavities within which dendritic
lobes [3] are clearly seen (Fig. Bb-d). Inclusions are present within dendritic lobes (Fig. Bd), which were revealed to be MnS
by EOAX analysis (Fig.9a). Slag inclusions were found on the fracture Sl rface (Fig. Be), which are demonstrated to be AI203

by EOAX analysis (9b). "Suture-like" morphology was present on the dendritic lobes, which is composed of chain-like and
rod-like inclusions (Fig. Bf). And straight traces with some orientations Ire exhibited on the intergranular fracture surfaces
(Fig. Bg). By high-powered magnification observation, chain-like and rod-like inclusions are also present on the bottom of
straight traces (Fig. Bh). The chain-like and rod-like inclusions are der ionstrated to be the AIN phases by EOAX analysis
(Fig. 9c). It is suggested that the intergranular brittle fracture of the Iir k materials is related to the presence of chain-like
and rod-like A1N inclusions [4-6].

The intergranular fractures with coarse grains and shrinkage cavities with dendritic lobes were also revealed on the
cracked links (Fig. 1Da and b). The fracture surfaces of the failed links we 'e covered with a layer of oxidation, but the straight
traces with lots of AIN inclusions similar to ones on the fracture surfaces of tensile samples were also found (Fig. 1Oc). It is
suggested that the cracking failure of the links are also related to the p 'esence of inclusion AIN phases.

Table 2
The results of mechanical testing.

Components Reading Yield strength Ultimate strength Elongation Reduction of area Impact energy Hardness
(MPa) (MPa) (%) (%) OJ (HB)

Link 1 1 599 720 3.2 3.0 14 280
2 633 640 1.7 1.4 12 281
3 700 717 1.9 2.6 17 283

Unk 2 1 505 508 1.5 0.6 18 264
2 490 530 1.0 0.6 8 248
3 481 487 1.6 1.2 14 249

Specified ~590 830-980 ~10 ~50 ~40 248-302
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Fig. 6. Macro-fractures of tensile and impact testing samples: (a) ten, ile testing samples: (b) impact testing samples.
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Fig. 7. Macro-fractures of crack -d links.



--
Z.-w. Yu et al./ Engineering Failure Analysis 17 (20; 0) 1102-1109

6/8
1107

Fig. 8. SEM observations on fracture surfaces of tensile samples: (a) general view showing intergranular fracture and coarse grains, (b) showing shrinkage
cavities, (c) showing dendrite lobes, (d) showing inclusions within dendrite lobes, (e) sho wing slag inclusions, (f) showing "suture-like" morphology, (g)
showing straight traces, and (h) showing inclusions at the bottom of straight traces.

4. Analysis of failure causes

From the observation and analysis in Section 3, it is inferred that the mechanical properties. especially, the impact tough
ness and plasticity are considerably lower than the specified values, indi :ating the brittle nature of the link material. A lot of
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Fig. 9. EDAX spectrum taken from the inclusion regions of Fig. 8: (a) inclusion region of Fig. 8d, (b) inclusion region of Fig. Be, and (c) inclusion region of
Fig.8h.

metallurgical inclusions AlN were found on intergranular fracture surfaces, which is related to considerably excessive Al
content in the link material resulting from excessively adding AI in steelmaking. The presence of AlN phases in the grain
boundary intensely weakened boundary strength and decreased the impact t mghness and plasticity of the material to lead
to brittle intergranular fracture of the link. Further, the presence of shrinkag ~ cavities facilitated the cracking process [5].

5. Conclusions

The plasticity and impact toughness of link material are considerably lower than the specified values. Intergranular frac
ture occurred on the failed links and the tensile and impact samples. Brittle na ture of failed link material was revealed. Alots
of chain-like and rod-like AIN inclusions were found on the intergranular frac :ure surfaces. which weaken strength of grain
boundary to lead to brittle fracture of the links. The considerably excessive aluminum content in link material resulting from
steelmaking is responsible for the brittle nature of link material. The presence of shrinkage cavities facilitated the cracking
process.
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