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Abstract: Structural damage occurs in any system, mechanical or not, even in living things. Mechanical 

damage means the appearance of irreversible changes in structural characteristics. Methods for structural 

monitoring are ways to estimate any changes in structural strength. Damage detection techniques give 

warnings at the right moment on duty before failure of the structure create more damages. After years of 

research damage detection techniques evolve to a higher level for localization of damage in complex 

assemblies. Finding the precise location of the damaged area helps in taking the first action to avoid 

catastrophic failure to the structure. This study presents an improved DLAC method for damage 

localization technique applied to a conceptual mechatronic system for laparoscopic surgery.  
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1. INTRODUCTION 

 

Damage when appearing may cause losing 

sections or parts, excessive deflection, buckling 

failure, cracks, changes in vibration eigenvalues 

and eigenmodes, loss of capabilities to support 

loads, changes in durability and shortening of 

the service life of products. 

Structural Health Monitoring (SHM) is 

applied today to structures that require 

significant costs, where human safety is a 

priority, or for structures difficult to inspect, like 

satellites [1-2], bridges [3-6], very tall buildings 

[7-8], aircrafts [9-10], wind turbine systems 

[11], and even for robots [12]. SHM is a good 

practice to assess the general state of structural 

integrity during service. 

Damage detection involves today also 

methods to estimate damage location, damage 

size, or other additional information about the 

damaged area. 

For complex assemblies is not quite easy to 

estimate damage location after damage appear 

and detected. Processing a large number of 

matrices of the mathematical system, correlation 

of all data, eigenmodes right identification and 

ordering, understanding of meanings of 

parameters involved, assess of energetical 

characteristics, are only a few tasks that should 

be made. 

The amount of information that could be 

extracted from dynamic systems is not stopped 

here. Using modern sensor systems with more 

capabilities to extract, interpret and show the 

measured data, new devices are on the sketch in 

design. 

The following research shows the results of a 

study that presents some of the fundamental 

principles of monitoring structures, detecting 

damages, and locating them in complex 

mechanical assemblies [13]. 

The monitoring method used in this research 

is based on determining the fundamental 

frequencies of a system [14] and monitoring 

their variation. [15].  

 

2. METHODOLOGY 

 

 The main characteristics of the study of the 

dynamic behavior of a system are eigenvalues 

and eigenvectors of the structure. These has a 

direct influence on the dynamic behavior in the 

service, as well as vice versa. 

 Knowledge of eigenvalues and eigenvectors 

allows: 
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• Assessment of the slenderness of the 

structure, which is the ratio between mass and 

rigidity; 

• Knowledge of the fundamental frequency; 

• The calculation of the system response to a 

transient load can be done by the modal 

method (decomposition of the signal into a 

sum of harmonics, the calculation therefore 

requires the knowledge of resonant 

frequencies); 

• Identification of systems according to 

experimental measurements; 

• Correlation of mathematical models with 

experimental model [14]; 

• Damage detection [15-20]; 

• Damage localization [21-22]. 

 

 Damage detection is based on changes in the 

modal parameters: frequency, damping, 

eigenmodes, modal distortion energy, dynamic 

flexibility, anti-resonance, etc. 

 The easiest parameter to monitor is the 

resonant frequency due to the type of sensors to 

be used - accelerometers. These sensors are 

simple, inexpensive, easy to understand and set 

up, easy to use for recording and processing 

signals, etc. 

 Damage Local Assurance Criterion (DLAC) 

proposed by Messina [23] was used in this paper 

to assess the position of the damage. The method 

uses the evaluation of changes in natural 

frequencies based on the following equation: 
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where A and E are obtained from the analytical 

and experimental model, respectively, which 

must be compared, and 
X

∆ω  is the variation in 

the resonant frequencies. 

 The DLAC method has been improved by 

using scaling factors that turn the value criterion 

into a probabilistic one, called a probability 

DLAC index for easier evaluation [24]. 

 

 

3. CASE STUDY 

 

 The model used for this research is a hexapod 

robot. The damages could appear in many 

locations but the most probably at the actuators. 

Figure 1 shows the robot and damaged locations 

used for assessment. Configuration of the 

Hexapod system is a Gough-Stewart platform 

with reference definitions showed in figure 2. 

  

 
Fig. 1. Hexapod robot and damage locations. 

 

 

 
Fig. 2. Hexapod configuration. 
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Fig. 3. DLAC probability index assessment. 

 

 The detailed CAD model and simulations was 

made using professional software Solidworks. 

 Ideally, this kind of damage localization 

should be made using a correlation study 

between a virtual and an experimental model.  

Because the experimental model is not built yet, 

in this paper, DLAC criterion is evaluated based 

on two sets of simulation results: first set for 

initial, no damaged structure, and the second set 

is for the structure damaged at specific locations. 

Examples of damage introduced in model are 

presented in figure-4 and in figure-5. 

 

 
Fig. 4. The damage introduced in model at location-1 for 

leg-1. Similar for each leg of Stewart platform. 

 

 

 
Fig. 5. The damage at platform 

 

 For the simulation model, the damages were 

intentionally introduced at specific locations. In 

this research was used 10 eigenmodes and 8 

damaged areas. The DLAC criterion became 

more complex when is used many numbers of 

eigenmodes and many damaged areas. 
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Fig. 6. Eigenmode at fundamental resonance frequency. 

 

 Figure 3 shows the results from the 

assessment of the DLAC probability index. 

During monitoring, changes may occur in the 

order of the eigenmodes from the undamaged to 

the damaged model. Identifying vibration modes 

is an important issue in research on frequency 

response analysis. Incorrect identification and 

correlation lead to incorrect localization of 

structural damages. 

Figure 6 shows the fundamental resonance 

eigenmode for undamaged model. 

 Simulations constraints doesn’t take into 

consideration any movement between parts. All 

contacts are considered bonded and any motor is 

blocked.  

 The shift in frequencies is presented in Table 

1 only for undamaged model, with damages at 

Leg-1 or Leg-2.  

 
Table 1 

Frequency shift table for damages at location 1 and 2. 

Eigen 

mode 

Resonance Frequencies [Hz] 

Undamaged Damage at 
Location 1 

Damage at 
Location 2 

1 54.384 53.71938 53.84174 

2 54.589 54.47858 54.34298 

3 96.136 95.79068 95.77724 

4 114.42 114.3582 114.3559 

5 114.55 114.4752 114.478 

6 142.25 142.0083 142.0008 

7 203.06 202.8752 202.8519 

8 203.23 203.0025 203.0323 

9 204.87 204.8229 204.8203 

10 210.34 210.2732 210.3183 

 

 

4. CONCLUSIONS 

 

 The probability index of DLAC criterion 

shows the maximum value exactly where the 

damage was introduced in each model. This is 

possible when exist only one damaged area. In 

case of simultaneous existence of several 

damages, the DLAC method is no longer 

effective, being necessary to corroborate with 

other criteria for a correct evaluation. 

 By increasing the number of masterpoints 

(measurement points) that can be monitored, it 

is possible to obtain better results for 

localization of damages. But using large number 

of master nodes and eigenmodes can lead to 

incorrectly assessing the location of the damage. 

 The method can be used on any set, even the 

most complex mechanical structures. But the 

number of measuring points and the identified 

modes must be chosen to be able to obtain clear 

information about the location of a damage in 

the case of complex assemblies. 

 Finally, an intelligent damage monitoring can 

be done by implementing MEMS sensors 

attached to the robot. The raw data detected by 

the acceleration sensor is transferred for 

evaluation and transmitted to the Main 

Command and Control Unit. 

 

 Damage localization technique advantages: 

• Damage localization is a reliable technique 

for monitoring of mechanical structures 

during evaluation, testing and service; 

• DLAC criterion has a better evaluation in 

terms of probability; 

• The main advantage of the method is that is 

useful also for large assemblies; 

• When the numerical model is continuous and 

linear, the DLAC correlation procedure is a 

robustly method; 

• Because of the non-linearity of the FRF of the 

hexapod in vibration modes and at frequency 

shift, method reveal influence of the vibration 

mode shapes over displacements at each 

master node; 

• Method results are showed into a simple but 

concise graphic representation based on 

probability using DLAC rescaling. 
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 DLAC criteria give errors in localization in 

case of small damages (< 2% changes in local 

stiffness) because of small changes in 

frequencies and of the influence of the 

participation factor of each part at global 

stiffness and of the vibration modes at each 

probe location. 

 The aim of this research was to develop 

methods for new advanced design of a surgical 

robots. Using robots in medical care involve 

many aspects for safety [25]. 

 The complete solution of the simulations was 

made based on the MATLAB program [26], 

SOLIDWORKS Educational [27] and with 

special programming routines developed by the 

user [28]. 
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Detecția și localizarea deteriorărilor în ansamblele mecanice complexe 
 

  Deteriorări structurale apar în orice sistem mecanic și nu numai, chiar și la viețuitoare. Deteriorarea mecanică 

înseamnă apariția unor modificări ireversibile ale caracteristicilor structurale. Metodele de monitorizare structurală 

sunt modalități de estimare a unor modificări în structura de rezistență. Tehnicile de detectare a defectelor oferă 

avertismente la momentul potrivit în timpul executării sarcinilor înainte ca defecțiunea să creeze și mai multe daune. 

După ani de cercetare, tehnicile de detectare a daunelor au evoluat la un nivel superior pentru localizarea acestora în 

ansambluri complexe. Găsirea locației precise a zonei deteriorate ajută la luarea primelor măsuri pentru a evita 

defectarea catastrofală a structurii. Acest studiu prezintă o metodă DLAC îmbunătățită pentru tehnica de localizare a 

defectelor apărute într-un sistem mecatronic destinat chirurgiei laparoscopice. 
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