
2015 International Nuclear Atlantic Conference - INAC 2015 
São Paulo, SP, Brazil, October 4-9, 2015 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-06-9 

 

 SYSTEM FOR NUCLEATION AND PROPAGATION OF FATIGUE 
CRACKS ON SE(B) SPECIMENS 

 
Nirlando Antônio Rocha 1, José Onésimo Gomes Junyor 2, Cássio Melo Moura 3, Emil 

dos Reis 4 and Jefferson José Vilela 5 

 
1 Centro de Desenvolvimento da Tecnologia Nuclear (CDTN) 

Av. Avenida Antônio Carlos, 6627 
31270-901 Belo Horizonte, MG 

nar@cdtn.br 
 

2 Centro de Desenvolvimento da Tecnologia Nuclear (CDTN) 
Av. Avenida Antônio Carlos, 6627 

31270-901 Belo Horizonte, MG 
ze_onezo@hotmail.com 

 
3 Gerdau S.A. 

Rod. MG-443, Km 7 
36420-000 – Ouro Branco – MG 

cassio.moura@gerdau.com.br 
 

4 Centro de Desenvolvimento da Tecnologia Nuclear (CDTN) 
Av. Avenida Antônio Carlos, 6627 

31270-901 Belo Horizonte, MG 
emilr@cdtn.br 

 
5 Centro de Desenvolvimento da Tecnologia Nuclear (CDTN) 

Av. Avenida Antônio Carlos, 6627 
31270-901 Belo Horizonte, MG 

jjv@cdtn.br 
 
 
 
 

 
 
 

ABSTRACT 
 
The degree of safety that a structural component has against catastrophic fracture in service can be obtained 
from fracture mechanics parameters. The master curve could be used for integrity evaluation in pressure vessel 
of nuclear power plant. The pre-crack specimens are used in this evaluation. The tests based on ASTM E 8M 
and ASTM E 647 standards to determination of material properties related to fracture mechanics, most often 
performed in a servo-hydraulic drive equipment, are time consuming and costly. This paper presents the 
development of a system for nucleation and propagation of fatigue cracks on SE(B) specimens. The operating 
principle consists of a cyclic loading, concentrated in the center of the specimen, transmitted and controlled by 
an eccentric mechanism. The main contribution of this work is the low-cost technology in the production of 
fatigue pre-crack, and the possibility of performing the nucleation and propagation of the pre-crack required for 
obtaining the JIC and CTOD parameters. The experimental results satisfied expectations with respect to the 
plastic deformation in the crack tip and met the requirements of the standards. 
Keywords: Fracture mechanic. Fracture Toughness. Pre-cracking machine. 
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1. INTRODUCTION 
 
In studies of fracture toughness, a pre-crack has to be induced in the specimen because it is 
not able to play a stress field similar to what happens at the crack tip using machined notches. 
Thus, the production of pre-crack from a fatigue stress is necessary. A machine for nucleation 
and propagation of fatigue cracking of metallic materials was developed in Laboratory 
Mechanical Tests (LABMEC) - Structural Integrity Services (SEIES). The crack starts at the 
tip of the machined notch and grows until a desired value through a carefully controlled 
cyclic loading [1]. 
 
The fatigue fracture is the result of the gradual growth of a crack, under the application of 
repeated loads. Such shipments usually offer a tension condition to material inferior to yield 
strength [2]. The process of fatigue of a material begins with the nucleation (concentration) 
crack in a certain discontinuity (corresponding to the notched specimens), and then the crack 
grows until it reaches a critical size for unstable propagation [3]. 
 
According to ASTM E23 [4], the calculation of the load of fatigue pre-crack does not exceed 
a critical stress intensity factor (KIC), nor to overcome the yield stress of the material. The 
load applied to the specimen during the test is calculated from the critical stress intensity 
factor, yield strength and geometry of the specimen (height, thickness and length of the 
crack) [5]. 
 
For Guimarães [6], a low-cost system for the pre-crack nucleation would be a device based 
on the load application design in a specimen from an eccentric mechanism which would have 
a displacement control by a scale ring. 
 
The eccentricity of the shaft is calculated based on the maximum deflection (sag) that a 
rectangular cross-section bar may support within the elastic limit of the material. The sag is 
calculated based on a determined load applied to the center of the bar, in its geometry and 
material elastic modulus [7]. The load used in the eccentric calculation is based on the 
variation between the maximum load and the minimum load of the fatigue test. These loads 
are determined by ASTM E23, using the stress intensity factor for pre-cracking. 
 
The load cell is a force transducer. The construction of a transducer requires the use of 
sensors that relate the magnitude to be measured to the electric signal. The strain gage is a 
sensor example and works basically like an electrical resistance, bonded to a structural part 
and undergoes deformation when the piece is requested. From this strain and the elastic 
properties of this piece the applied force can to be determined [8]. 
 
A cycle counter suitable for a fatigue test must have the ability to record high-cycle (capacity 
of up to 109), and contains an automatic shutdown device [9]. 
 
The objective of this study is to describe the development of the design and construction of a 
machine that produces pre-fatigue cracking at low cost, lower working time and easy 
operation. 
 
The initiative to build this machine came from the high demand of pre-cracked specimens in 
the laboratory due to the high cost, the operating difficulties and maintenance of Instron 8802 
machine where these pre-cracks were held. 
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2. METHODOLOGY AND DEVELOPMENT 
 
The mechanical testing laboratory team (LABMEC) met to discuss what should be done 
about the growing demand for production of pre-cracks in the laboratory of mechanical tests 
in contrast to the operating difficulties of the Instron 8802 machine already mentioned. The 
first action was to seek in market low cost equipment that had this functionality. But the 
machines founded had the same difficulties of Instron 8802. Thus, the team decided to design 
and build a machine that produces pre-cracks at low cost. The project was initiated from the 
structure of the sharpener machine tools that was bought in a used machine shop. The 
structure of the machine was made of cast iron, had good rigidity, strength and vibration 
absorption [5], and also it had a 3000 rpm motor revolving a shaft at the top with devices for 
sharpening tools. The machine also had a movable table with the precision of tenths of 
millimeters, which could be used for specimen positioning and load regulation. 

 
The development of the pre-crack Machine was started from a detailed study of the operation 
of the machine Servo Hydraulic Intron 8802. This machine had a servo valve that controlled 
the drive of the hydraulic cylinder causing the actuator perform alternatives movements of 
rise and fall with controlled load. Then, the possibility of building a machine to carry out 
these same cyclical movements without hydraulic drive was considered. After discussions 
and analysis, the team concluded that the best drive for pre-cracking machine would be the 
electro-mechanical drive. The principle of operation would be the movement of a shaft with 
eccentric in end driven by an electric motor. This eccentric would convey an up and down 
movement of 0.3 mm aided by a set of springs and a punch that would carry out efforts 
focused on a specimen notched SE(B) (Charpy - Fig. 1) according to ASTM E23. A rolling 
cylindrical roller was placed to decrease the friction between the cam and the plunger. 
Thereafter the construction of pre-cracking machine was begun, taking advantage of the 
structure and some parts of the sharpener machine tools. 

 

 
 

Figure 1: Drawings of Charpy specimen according to ASTM E23. 

The shaft motion would be driven by the electric motor. This shaft would have an eccentricity 
(0.3 mm) at its end, which would transmit alternating movement in a puncture would transfer 
a given load on a specimen Charpy notched, supported by two rollers. The alternating 
movements produce concentrated efforts in the notch and generate fatigue cracking. This 
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process has been designed according to ASTM E23 standard. Thus, the drawings were started 
in the computational platform AutoCAD, according to the shape and dimensions of the 
original machine structure. At this stage, the drawings were prepared with the support of the 
entire technical team. After conclusion, the drawings were discussed, reviewed and approved 
for the production of pieces (axis puncture punch base, rollers and others). The schematic 
drawing of the machine produced at this stage can be seen in Figure 2. 
 

 

 
 

2.1. Construction and Assembly 
 
The machine was dismantled for cleaning, lubrication of bearings of the bushings, cleanliness 
of the engine and the belt. Every piece that did not interest to the project was discarded. 
External machining services, pieces of plating and engine maintenance were hired. Other 
pieces were bought: screws, springs, rubber feet, electronic components, etc. 

 
After preparation and verification of parts, the mounting of it on the machine began as 
designed. Because to the age of the machine frame, assemblies of parts generated some 
problems as alignment difficulties, vibrations in the movable table and locking gears, 
responsible for its movement. After assembly, some adjustments and alignments were 
necessary for the good functioning of the machine. The machine (Fig. 3) was turned on and 
functioning corresponded to the expected project, producing pre-cracks (Fig. 4), however 
without measurement of parameters, such as load applied to the specimen, cycle count, shaft 
temperature, bearings and bushings. During the testing, the machine was able to produce 
nucleation and growth of a crack, not homogeneous, presenting greater growth on one side of 
the specimen. There was also a misalignment of the specimen holder (Fig. 2). The solution 
was to align the support. After several tests, the machine shaft broke, because there were 

Figure 2: Schematic drawing 
of the machine: 
1) Bushing, 
2) Cylindrical rollers 
bearings, 
3) Puncture, 
4) Specimen Charpy, 
5) Specimen holder, 
6) Mobile Table, 
7) Support lock movable 
table, 
8) Motor 3000 RPM 
9) Rubber feet, 
10) Fan, 
11) Machine Structure, 
12) Belt, 
13) Shaft. 
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several stress concentrators, as fillets threads, sharp edges and abrupt section reductions, and 
this was not considered during the development of the project. 

 

 
 

Figure 3: Complete machine (without improvements). 
 

 
 

Figure 4: Fatigue pre-crack produced by the machine. Image produced by a scanning 
electron microscope, enlarged 15 times. 
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2.2. Improvements 
 
A new shaft was designed and manufactured with resistant material and without stress 
concentrators and further cooled by a fan installed in the machine bottom, below the motor 
(Fig. 5). The temperature of bearings and bushing were measured, showing the cooling 
efficiency. The bushings (Fig. 2) were changed in its dimensions for adaptation of new 
bearings. According to ASTM E23, the optimum load for performing the pre-cracks is 1.50 
kN. Thus, a load cell was designed to measure the load applied to the test body. For Maia [8], 
the load cell is a force transducer (strain gage), that is, the applied force is converted to an 
electrical signal. A load controller panel with digital reading of the test loads was developed.  
The maximum measuring capacity of load of the machine is 5.00 kN. The relationship 
between the force and the electrical signal was possible to be visualized through the load cell 
calibration. This calibration was performed on Mechanical Testing Laboratory in a machine 
Instron 5882 Universal Testing of CDTN. A cycle counter was developed to control the 
growth, the spread of crack in the specimen, and the control testing time. The cycle counter is 
performed by an optical sensor PHCT203 model installed at the opposite end to the eccentric 
shaft. A digital cycles controller panel was built to control and read the cycles, and show the 
data output. Jigs were designed for centralization and positioning of specimen on the rollers 
on the support of machine (Fig. 7). Four rubber feet have been adapted to the machine base to 
absorb vibrations (Fig. 6). After the modifications and tests to obtain pre-cracks accurately 
(Fig. 7), the machine was again dismantled for painting and plating of parts (Fig. 6). 
 
 

 
 

Figure 5: Cooling Fan. 
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Figure 6: Improved Machine and with new painting. 

 

 
 

Figure 7: Pre-crack produced by the improved machine. Detail: Test specimen fixed by 
jigs. 

 Rubber feet 
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3. CONCLUSIONS  

 
The functionality of the machine matched to the ideas conceived in the project: pre-crack 
production at low cost, ease of operation and optimization time. As Guimarães [6], an 
eccentric mechanism was used in the machine but without scale ring. After the improvements 
made, a pre-crack of higher quality and compliance with ASTM E23 was obtained. 
 
The team suggests that the next step is developing a device that automatically turns off the 
machine when the pre-crack reaches the defined length. 
 
 

ACKNOWLEDGMENTS 
 
This research project is supported by the following Brazilian institutions: Nuclear 
Technology Development Center (CDTN), Brazilian Nuclear Energy Commission (CNEN), 
Research Support Foundation of the State of Minas Gerais (FAPEMIG), and Brazilian 
Council for Scientific and Technological Development (CNPq). 
  
  

REFERENCES 
 
1. STROHAECKER, T. R. Mecânica da Fratura. Laboratório de Metalurgia Física, 

Universidade Federal do Rio Grande do Sul, Porto Alegre, Brasil. 99 f. 
2. UNIVERSIDADE FEDERAL DE OURO PRETO. Análise de Falhas.  Curso ABM, 1ª 

ed., Associação Brasileira de Metalurgia. BRA, 2001.  Fadiga.  Centro de 
Desenvolvimento da Tecnologia Nuclear. Belo Horizonte, 1 ed. 2007. 

3. COZACIUC,  I.; SILVA, L. R.; TOGNI, M. A. Ensaios de Materiais.TELECURSO 2000 
PROFISSIONALIZANTE. Mecânica. São Paulo.1996. p. 109. 

4. ASTM E 23 - Standard test methods for notched bar impact testing of metallic 
materials. 100 Barr Habor Drive, West Conshohocken, PA 19428-2959, United States. 
2000. 

5. MOURA, C. M. Projeto e Fabricação de Máquina de Nucleação de Pré-trinca por 
Fadiga. Centro de Desenvolvimento da Tecnologia Nuclear. Belo Horizonte,  1. ed., 
2007. 

6. GUIMARÃES, V.  A.; HEIN, L. R. O.; ZANGRANDI FILHO, J. Sistema de baixo custo 
para nucleação e pré-trincas por fadiga em corpos de prova de tenacidade à fratura.  
Materials Research, Vol. 4, nº 3, 205-209, 2001. 

7. POPOV, E. P. Resistência dos Materiais. 2. ed. Rio de Janeiro: Prentice/Hall do 
Brasil,1984. p. 502. 

8. MAIA, N. S. et al. Transdutores Elétricos à base de Strain Gages. Belo Horizonte: 
Comissão Nacional de Energia Nuclear.  Centro de Desenvolvimento da Tecnologia 
Nuclear, 1998. p.1. 

9. MANSUR, T. R. Avaliação e desenvolvimento de modelos de determinação de 
acúmulo de danos por fadiga em aço estrutural. 2003. 185 f. Dissertação (Doutorado) 
– Universidade Federal de Minas Gerais. Belo Horizonte, 2003. 

 
 

 


