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DEVELOPING AND TESTING/OPTIMIZATION OF A TECHNOLOGICALLY ADVANCED 
SYSTEM FOR MANUFACTURING AND INSPECTION OF THE MEDIUM SIZE INNER 

AND OUTER RINGS OF ROLLER BEARINGS, MANUFACTURED ON CNC 
MACHINETOOLS 

Part 2 - Nondestructive testing of rolling bearings rings 
 
 
Generalities 

Bearings are critical components in almost all rotating machines. There are many safety-
critical applications and major economic consequences if the bearing components fail or do not 
meet their quality requirements. Bearing components manufacturers need to ensure 100% of 
manufactured parts sent to customers are defect-free.  

Today, modern non-destructive testing technologies are performed at large bearing 
companies (SKF, Schaeffler, etc.) in different stages of the manufacturing process, to ensure 
products integrity and reliability. Nondestructive Testing (NDT) techniques assess the conditions of 
tested components without affecting their structural functionality. 

The most common types of defects that can occur on the surface of bearing rings as a result of 
the manufacturing process are: cracks, cavities, pores, grinding burn, inclusions.  

 

 
Figure 1: Eddy Current Testing principle 

 
Eddy current testing is very effective at finding surface cracks and flaws in conductive metal 

components. For eddy current testing, a probe is moved contactless over the test part. Inside a 
probe are two coils. One of the coil is used as transmitter coil, which is supplied with an 
alternating current. These alternating current generates an alternating magnetic field (primary 
field), which induces eddy currents in the test part. These eddy currents generates also a magnetic 
field (secondary field), which according to the law of Lenz counteract against the temporal change 
of the primary field. A receiver coil measures the induced voltage of the resulting magnetic field 
[Michael Pfaller - Eddy Current Instruments: advantages, applications, and capabilities for defects 
detection]. 

Defect sensitivity is proportional to the magnitude of the field in surface probe. As a general 
rule the field diameter should be equal to or less than the expected defect length. 

The defect sensitivity also depends on direction of the crack in relation to the eddy current 
flow. When testing for flaws such as cracks, it is essential that the eddt current flow be at a large 
angle (preferably perpendicular) to the crack to obtine maximum response. Thus, a discontinuity is 
least detectable when its longest dimension is parallel to the trajectory of the eddy current (Figure 
2.a) and most detectable when its longest dimension is perpendicular to the flow paths (Figure 
2.b). 

Receiver 
coil 

Magnetic fields 

Eddy Currents 

Transmitter coil 

https://vogt-ultrasonics.de/en/rolling-bearing-ultrasonic-testing/
https://vogt-ultrasonics.de/en/rolling-bearing-ultrasonic-testing/
https://www.foerstergroup.de/en/deu/technology/eddy-current-testing/?__hstc=226454149.9730fce7285a01ab2ba0a7563bdbe5af.1640700484699.1640700484699.1640700484699.1&__hssc=226454149.1.1640700484699&__hsfp=3127457770
https://blog.foerstergroup.com/en/component-testing/coil-types-for-hardness-testing?hsLang=en
https://blog.foerstergroup.com/en/component-testing/coil-types-for-hardness-testing?hsLang=en
https://blog.foerstergroup.com/en/component-testing/author/michael-pfaller
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CONTROL EQUIPMENT FOR CLUTCH HOUSING & DIFFERENTIAL GEAR BOX  
TYOE HR12 VDV TL8 BRUT 

 
The equipment verifies the positioning of the bores against certain landmarks and consists of: 
- base plate with bolts and housing positioning pads for measurement; 
- supports and plate with bushings for positioning the calibrated control-sticks for checking the 
holes in the casing; 
- clamps for fixing the piece for measurement; 
- rulers and T-NT buffer gauges for control. 
 

 
 







 
= BDL CONTROL DEVICES AND VERIFICATION GAUGES FOR 

OIL PUMP COVER AND OIL PUMP BODY = 
 

1-Device for checking the position of the bores for the oil pump cover 
 

 
 
 
Checking the position deviation of bores S3a, S3b, S3c, S3d, S3e, S3f, S3g 
The part is placed on the pegs corresponding to the surfaces X1, X2, X3, in the centering peg of the 
bore Y and the peg of the oblong Z. 
 
Checking the position of the holes is done by pressing, the part having to enter all the measuring 
pegs on the base plate. 
 
 
 
 
 
 
 
 



 
2-DEVICE FOR VERIFYING THE POSITION OF BORES AND SHAPE DEVIATIONS FOR 
THE OIL PUMP BODY 

 
The device consists of a base plate with dowels for basing and measuring, side plates and an upper 
plate with bushings corresponding to the bores to be checked. 
The part is fixed with the help of screws 
The part is placed on the pegs corresponding to the surfaces X1, X2, X3, in the centering peg of the 
bore Y and the peg of the oblong Z. 
By pressing, the piece must enter the measuring pegs D1...D7 and the central bore (403). 
To check the upper bores, the upper plate centered with the help of the centering rods will be 
used. 
Through the bushings drilled in the walls of the device, the corresponding check gauges are 
inserted. 
Through the upper part, the concentricity of the 403 bore will also be checked. 
The shape deviation will be checked with the help of a gauge that will use the base of the device as 
a reference. 
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PROJECT: PN 23 43 03 01 COMPLEX PORTABLE/WEARABLE MECHATRONIC 
SYSTEMS, USED FOR DETERMINING THE ANTHROPOMETRIC PARAMETERS 
NECESSARY IN THE ANALYSIS OF HUMAN BIOMECHANICS, FOR POSTURAL 
CORRECTION, STIMULATING THE DEVELOPMENT OF BIOMOTRICITY AND 
IMPROVING NEUROMUSCULAR CONTROL, OF HUMAN SUBJECTS 
 
Generalities 
 
The correctness of the biomechanics of human movement is influenced by the level of 
neuromuscular control and mechanical stability of the joints involved in the movement. 
Mechanical stability is ensured by the anatomical elements (bones, ligaments and muscles) that 
compose musculoskeletal system. Damage to any component element of the joint leads to 
changes in joint stability. In the case of structural damage to a joint (in the case of an anatomical 
injury), the functional recovery of the joint cannot be achieved only through orthopedic correction, 
but must be completed with exercises that stimulate the development of the neuromuscular 
system. In the case of irreversible alteration of neuromuscular control, compensatory functional 
stability must be ensured. These exercises have the role of increasing the functional performance 
of the joint and are based on activating the muscles that serve the affected joint. In general, such 
exercises are grouped in the form of a recovery plan/program. 

It can be achieved easily with the help of the complex system that is the subject of this project. 
Two portable mechatronic subsystem and one wearable mechatronic system will be realised 
within the project, these being brought together in a complex integrative mechatronic system with 
a major role in the programs of functional recovery of the Musculo-skeletal system, in the field of 
physical and sports medicine. 

The solutions for the realization of the component mechatronic systems, as well as the 
functions for which they are designed, are innovative. The systems are designed in such a way that 
they can operate both independently and in an integrative assembly.  

Also, the mechatronic integrator system is designed based on the web-based training (WBT) 
concept, by creating specialized software modules aimed at an easy interaction between the direct 
user (patient/athlete) and the specialist (doctor/coach). 

By integrating the individual functions of the three mechatronic systems, the specialist will be 
able to perform an analysis of the biomechanics of the patient/athlete's movement and according 
to this he will determine the type of correction needed or evaluate the progress of the human 
subject.  

The correct use of all individual functions of the proposed integrative system contributes to 
promoting a higher state of health and increasing the quality of human life.  

By integrating the individual functions of the three mechatronic systems, the following results 
are pursued: 

- with the first complex portable mechatronic system, the medical recovery specialist will be 
able to determine the preliminary anthropometric parameters, later used in the analysis of the 
biomechanics of the patient's movement. This mechatronic system for determining 
anthropometric parameters will be able to be used together with other auxiliary devices to 
perform complex movement analysis sessions, which will result in reports with anthropometric 
parameters specific to the analysed patient. These reports, together with the patient's previous 
medical history, will lead to customized recovery/training schemes for the anthropometric and 
biomechanical characteristics specific to each patient/athlete. This type of movement analysis and 
reporting is also the benchmark against which the progress of the human subject will be assessed. 











-a ESP32 WROOM-32 module, which monitors the voltage values; 
-a button and three LEDs that will perform the function of selecting and displaying the voltage 
range used in the current operation of the equipment; 
-a buzzer that will perform the function of audible warning of exceeding the lower/upper limits 
of the working range; 
-a voltage source module to power all the modules described above. 
The protocol for transmitting data of interest generated during the work cycle to the project 

server will be chosen in the next phase of the project. 
The third mechatronic system developed (fig.4) is a portable system for developing the level of 

neuromuscular control and motor parameters of the upper limb muscles. The exercises performed 
with the help of this device allow, over time, both the increase in strength, speed and endurance 
of the main muscles responsible for the movements performed at the level of the upper limbs, 
and the development of the auxiliary muscles (the synergist and the stabilizer) involved in the 
movement, through the collaboration of all these types of muscles, so that a superior efficiency 
can be obtained in terms of the biomechanics of the movements, the muscle development and 
the energy consumption involved. 
Within the project, a portable dumbbell-type device was physically developed for developing the 
level of neuromuscular control and motor parameters of the upper limb muscles. 
 

 
Fig.4 Portable system for developing the level of neuromuscular control and motor parameters of 

the upper limb muscles 
  

The portable dumbbell-type device comprises two weight subassemblies, mounted at one end 
and the other end of a handle subassembly, respectively. Each weight subassembly will be 
configured in the form of an enclosure, which includes inside: weights, drive elements, a brushless 
DC electric motor which will consist of a rotor configured in the form of a housing and which can 
rotate around a stator rigidly mounted on the handle subassembly, as well as an electronic control 
module fixed to the stator. The handle subassembly will include inside an electric battery, which 
powers the electric motors. The electric motors are powered by means of the electronic control 
modules, from the electric battery, this being a rechargeable battery type. 

The electronic diagram for this subsystem was created by interconnecting the following 
modules: 

-an ESP32 WROOM-32 module, which will control the rotation of the two brushless motors 
contained in each dumbbell 
-two ESC30 controller modules that will perform the hardware/software driver function for 
each of the two brushless motors contained in the dumbbell 
-two brushless motors 



-a voltage level translator module with at least two channels, from 5V to 3.3V, which will 
perform the voltage translation function of the PWM signals delivered by the ESP32 WROOM-
32 module (3.3V) to the two ESC30 controllers described above (5V) 
The protocol for transmitting the data of interest generated during the work cycle to the 

project server will be chosen in the next phase of the project. 
 
Technical features: 

APPLICABILITY: Sports medicine and medical recovery. 

FURTHER INFORMATION:  
PhD.eng. Cristian Radu Badea, INCDMTM Bucharest,   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CONTROL DEVICES  FOR VERIFYING CRANKSHAFT TYPE HR12 
 

 

 
 

 

 
 

 

 
 

 

  
 

 
 

      Attributes for control /  Limitative control gauges: 
- Gauges  T-NT for diameters and threads 
- Carbide horseshoe calipers 
- Chamfer calipers 
- Cylindrical and threaded depth gauges. 
 









CONTROL DEVICE TRANSVERSE HOLES FOR BRKT-HEATER THERMOPLUNGER 
WATER CIRCUIT 

 
 

The equipment verifies the positioning of the bores 
against certain landmarks: 
Consist of: :  
-base plates with bolts and housing positioning pads 
for measurement  
-rulers and T-NT buffer gauges for control. 

 
 

 
 
 

 
CONTROL DEVICE AIR-WATER FOR CYLINDER HEAD TYPE HR12 - MACHINED 

 

 
 
Design and execution manual sealing sub-assemblies for the HR12 Cylinder Head on the high-
pressure oil circuit and on the water circuit. 
The sealing sub-assemblies correspond to the areas to be sealed on the high-pressure oil circuit 
(CHP) and on the water circuit (CA) of the Cylinder Head: 
- sealing clear plates  with special sealing plugs (and gaskets); 
- work pressure: 3 bar 
- air preparation group  
- gaskets for sub-assembly 
The whole assembly will sink into the basin with water from SC Horse/Dacia SA Mioveni and the 
appearance of air bubbles will be observed thru the transparence plates. 
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HETEROGENEOUS COLLABORATIVE SYSTEM OF INSPECTION AND 
INTERVENTION IN AREAS AFFECTED BY HAZARDS - SICOLET 

 
 

 
 

PRESENTATION OF THE TEST PROCEDURE:  
The intention of the project was to develop a software application where human operator 

intervention is minimal, at least in the intermediate phases of disaster localization. Of course, 
launching agents will be done manually, and final decisions will be made by the human operator. 
He can also intervene in intermediate phases, in actions of great complexity, which exceed the 
technical possibilities of a certain agent. From a software perspective, the code has been improved 
with the aim of increasing GPS location accuracy and sending/receiving a response at a higher 
speed. The main objective of the program is to transmit the coordinates of the drone's location in 
case of detection of an event to the other agents to intervene in the shortest time.  

After conducting  the tests, it was observed that the data is sufficiently accurate with a small 
margin of error, the communication is fast and without interference. Next, the output data and 
GPS coordinates indicated for two of the agents, namely Agent 3 (the drone) and Agent 1 (the 
transporter), were illustrated. 

 

 
a) Agent 3 

 
b) Agent 1 

Output data and GPS coordinates 
 





APPLICABILITY:  
The SICOLET heterogeneous multi agent system was designed for inspection and intervention in 

areas affected by various natural or anthropic disasters. The consequences of disasters such as 
earthquakes, volcanic eruptions, hurricanes, floods or fires are particularly severe, manifesting in 
loss of human life and significant property damage. Although expensive efforts are made to train 
the response teams, the activities of rescuing victims are difficult and often even endanger the 
lives of the rescuers.  

 Currently, there are various remote-controlled ground or aerial robotic systems that facilitate 
inspection and intervention actions in hard-to-reach affected areas. Due to extremely diverse 
conditions, the mentioned systems may be effective in some cases. 

 
BENEFICIARY: Public and private institutions. 

 
FURTHER INFORMATION:  

E-mail: mihai.margaritescu@gmail.com - PhD. Eng Mihai MARGARITESCU, INCDMTM Bucharest  
 Infrastructure direct public link: https://incdmtm.ro/siadren.htm 
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Collaborative Mobile Robot Based on Artificial Intelligence Algorithms 
to Facilitate Independent Living for People with Physical Disabilities 

 
In 2025, the research activities carried out within the project focused on the realisation of a 
functional prototype and the implementation of advanced AI-based control software, together 
with the dissemination of the obtained scientific results. The work conducted during this period 
was aimed at transforming the previously developed design and software concepts into an 
integrated experimental system suitable for testing and validation. 
 
Prototype realisation 
Based on the execution documentation developed in the previous stages of the project, the 
research activities in 2025 led to the fabrication and assembly of the redesigned components and 
to the integration of the corresponding materials and hardware elements. Several mechanical 
components were further refined in order to improve structural behaviour, accessibility for 
maintenance, and integration of electronic subsystems. These improvements addressed the 
support structures for motor drivers, the housing of the first rotational joint located at the base of 
the robotic arm, and the motor enclosure associated with the fourth rotational joint, which was 
adapted to accommodate a lightweight servo motor. 
 
All redesigned components were optimised for additive manufacturing, considering the 
constraints specific to FDM technology, including part orientation, wall thickness, tolerances, and 
stress concentration reduction. Components requiring higher mechanical strength and tighter 
tolerances were manufactured using SLS technology and integrated into the final assembly. 
Following fabrication, the components underwent standard post-processing operations, including 
support removal, surface finishing, and local precision machining in assembly areas. 
 

 
 

 
 

 
The assembly process was carried out in accordance with the technical documentation and 
included the integration of the mobile platform, battery support, motor drivers, control 
electronics, robotic arm subassemblies, gripper with force sensors, visual sensing system, 
proximity sensors, and auxiliary peripherals. As a result of these activities, a mechanically validated 
and fully functional prototype of the mobile robotic system was obtained, providing the hardware 
basis for software integration and experimental operation. 



Advanced AI-based Control Software 
 
In parallel with the hardware activities, the research in 2025 included the development and 
deployment of advanced AI-based control software on the physical prototype. The software was 
implemented in Python and C++ and structured around the ROS framework, which was used to 
manage communication between sensors, actuators, and processing modules within a distributed 
system architecture. 
 

    

 
The software system integrates motion planning, inverse kinematics, and real-time visualisation 
functionalities, enabling the coordinated control of the robotic arm and continuous monitoring of 
joint states and trajectories. Modules not natively implemented within the ROS environment were 
interconnected through dedicated communication interfaces, ensuring interoperability between 
software components. 
 
The main control application runs on an embedded computing platform and operates as a server, 
receiving commands from connected clients via a wireless network. Visual perception modules 
perform object detection, and the resulting information is transmitted to the robotic control layer, 
where joint angles are computed and sent to the low-level motor controllers for execution. 
Additional software modules support task completion by monitoring object grasping and release 
events, with corresponding status feedback provided to the client applications. 
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RESEARCH ON THE REALIZATION OF A NON-CONTACT CALIBRATION SYSTEM 
FOR SPECIAL PRODUCTION AND CONTROL PROCESSES CONCEIVED THROUGH ECO-

DESIGN 
 
 

  
 

PRESENTATION OF THE TEST PROCEDURE:  
The project proposed a set of classic equipment interconnected by several modules and a 

prototype (original equipment, own creation), which used together within a new working 
methodology will improve both the measurement results of MMC type machines, as well as the 
accuracy of their calibration and calibration. At the same time, the duration of these 
measurements will be shortened and simplified, making the operator's work much easier. In the 
end, an experimental model was executed that successfully passed the testing and validation 
stages, generating the premises for the execution of the final prototype. 

 
TECHNICAL FEATURES: 

The new Complex non-contact measurement system proposed by us is composed of: The ZLM 
700 interferometer (any type of interferometer can be used), Taylor Hobson autocollimator (any 
autocollimator can be used, preferably as high-performant as possible), Polygon with 12 faces (any 
type of polygon with at least 12 faces can be used) and the original INCDMTM Prototype, The 
Stereo telemetric positioning and rotary axis equipment. 

 
APPLICABILITY:  

Calibration of production equipment, both at installation and at periodic calibration and 
verification, to maintain product quality over time, contributing to increasing the competitiveness 
of the Romanian economy 

 
BENEFICIARY:  

All industrial entities using CMM equipment.  
 
 

FURTHER INFORMATION:  
E-mail: incdmtm@incdmtm.ro  
Infrastructure direct public link: www.incdmtm.ro  
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