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1. INTRODUCTION 

1.1. Presentation of the system  

RESTAN is the most advanced system currently available for measuring residual 
stresses by the hole drilling method. It is a semi-destructive technique in which 
residual stresses are evaluated by measuring the relaxation in the inspected area 
resulting from drilling of a blind hole. 

This system simplifies, automates and computerizes operations involved in the strain 
rosette method which where previously performed by an operator, enabling 
straightforward and total control of testing. 

In particular, the operations with the greatest impact on the accuracy and reliability of 
evaluation of residual stresses have been automated, for instance, 

- centering of the drilling axis with the center of the strain rosette 

-  automatic identification of point where hole drilling is to start and measurement of 
hole depth at each drilling step 

-  automatic hole drilling to specified increments and measurement of relaxed 
strains 

-  measurement of hole diameter and eccentricity 

Automation and simplification of these operations offers significant advantages, the 
most important of which is that many strain readings can be taken with great 
precision, in the depth of the hole. This requisite is indispensable for measuring the 
behaviour of residual stresses through the thickness of the specimen. For this 
purpose the calculation software of the system includes optimized procedures for 
processing experimental data and calculating residual stresses through the 
thickness of the specimen, in addition to the routines for calculating residual stresses 
specified by standard ASTM E837-01,  

Another innovative feature is the overhung architecture of the system, allowing it to 
be utilized on components or structures where access to all sides is impossible. 

The system can be used with digital strain gage amplifiers (eg, HBM) or with analog 
strain gage amplifiers. 
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1.2. Description of the system  

The system consists of: 

1. Equipment for positioning and drilling (Mechanical and Optical Device) 

2. Control unit (Electronic control unit) 

3. I/O cards type PCI6023 and DaqCard6024E for notebook computers produced 
by National Instrument  

4. CD containing the control and analysis software. 

5. Accessories: 

- 2 dial gauges 

- 1 L-shaped square for adjusting the perpendicular of the positioning and 
drilling equipment 

- 1 spare air turbine 

- 2 Allen wrenches (1.5 mm; 2 mm) 

- 2 turbine chuck tools (square headed screwdriver and U-shaped key) 

- 1 nose shaped cutter for calibration 

- set of 10 tungsten carbide end mills of the inverse-cone, flat-head type, 
diameter 1.6 mm, for drilling holes 

- box wrench 

- on-off valve, filter/pressure reducer, with pressure gage, 2 quick adapter and 
two 1 and 1.5 meter pneumatic hoses 

- one 25/50 pole interface cable connecting the control unit to the acquisition 
card 

- one BNC electric cable/terminal for zero-setting depth 

- one shielded cable for stepping motor control 

- one power supply cable for control unit. 

6. Case for transporting device. 

7. Operating and maintenance manual 
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Fig.1.1 

Fig. 1.1 is a diagram of the system in its test configuration, with HBM digital strain 
gage amplifiers. 

 

1.2.1. Mechanical and optical device  

The mechanical and optical device, shown in Fig. 1.2 consists of a small work center 
with three axes, housing a vertical head bearing a microscope (n

o 
13 in Fig. 1.3) and 

a high speed air turbine (n
o
 6 in Fig. 1.3). It is used to drill precision holes with the  

aid of an optical centering system, as well as to measure the diameter of the 
completed hole and its actual position in respect to reference points 
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Fig 1.2a Mechanical and optical device 

2 ï Knob for slow manual feed 
14 ï Knob for horizontal motion 
16 ï Hand grip for locking vertical fast 

motion 

17 ï Micro switch for limiting stroke 
19 ï Dial gauges 
21 ï Threaded dowels for microscope alignment 
24 ï Threaded dowel for locking microscope 

The device is positioned along three axes, on three stainless steel feet, which can be 
inclined in relation to their own axis to adapt to uneven working surfaces, in which 
case they must be fixed in place with a specific adhesive. The feet are connected to 
the body of the device by means of threaded bars so that the height can be 
adjusted, thus aligning the vertical head perpendicular to the work surface. An L-
shaped square supplied with the device may be used to facilitate this procedure. 
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Fig 1.2b Mechanical and optical device 

1 ï Stepping motor 
9 ï Knob for vertical fast feed 
18 ï Dial gauges 

20 ï Air fitting 
22 ï Threaded dowel for locking dial gauge 
23 ï Eyepiece 

The base of the device consists of 2 connected slides. Hardened steel pins and 
precision bearings are used so that radial clearances are minimized. The horizontal 
slides are actuated manually by means of fine-thread knobs (n° 14 in Fig. 1.2) and 
displacement is measured by dial gauges (n° 18 and n° 19 in Fig. 1.2). 

Fast vertical movement is obtained through a pinion-rack system controlled by a 
knob (n° 9 in Fig. 1.2) and locked by a laterally positioned hand grip (n° 16 in Fig. 
1.2). Fine motion is controlled either manually, through a knob (n° 2 in Fig. 1.2) or 
automatically, through a stepping motor (n° 1 in Fig. 1.2) controlled by computer. In 
either case, motion takes place through a fine-pitch threaded pin (0.5 mm) ensuring 
very precise vertical feed. 

A limit switch (n° 17 in Fig.1.2) provides a position reference for control of automatic 
positioning. The micro switch trips when the stepping motor/vertical head group 
reaches its maximum upward position.  

The core of the system is the microscope and high-speed air turbine assembly. Both 
components are integral to the body, since it is unnecessary to disassemble and 
reassemble them for drilling and inspecting the hole. 
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During drilling procedures the high-speed air turbine is positioned perfectly axial to 
the microscope. When optical centering or inspection procedures are carried out, it 
can be rotated on its own axis so that the hole can be seen through the microscope. 
To effect rotation, press the hand grip (n°4 in Fig.1.3) and turn it approximately 45°. 

The air turbine is installed in such a way as to reduce overall size to a minimum. 
Rotating at a speed of 400,000 RPM, it can drill holes of different diameters 
depending on the type of end mill utilized. Normally however, mills of the reverse-
cone, flat-end type, with a diameter of 1.6 mm, are used. The turbine is connected to 
the air system by a quick fitting and hose (n°20 in Fig.1.2). The system includes a 
filter/pressure reducer for regulation, a pressure gauge and an on-off solenoid valve. 
The latter is installed in the electronic device and is controlled by the software. 

The microscope has a dual function: first, to allow perfect alignment of the end mill in 
respect to the reference points on the strain gage rosette; and second, to allow hole 
inspection and hole diameter measurement. The latter procedure is made possible 
by the system of motion along two axes and the respective dial gauges, as well as 
by the cross reticle in the eyepiece. The microscope, designed and constructed 
especially for this device, has a special system for changing the position of the 
eyepiece and of the reference cross in respect to the drilling axis. 

The eyepiece is regulated by means of four threaded dowels, spaced 90° apart, 
which allow the reticle support to be freed and then locked in the desired position. 
This allows initial calibration to be performed, for the purpose of guaranteeing that 
the effective drilling axis passes exactly through the center of the reference cross 
and that its axes are parallel to those along with the X-Y slide moves. Note that this 
cross constitutes the reference point for procedures of positioning and aligning the 
device on the strain gage rosette. 

The two dial gauges measure the horizontal motion of the two axes at 90°, X and Y, 
with a resolution of 0.01 mm. Their total travel is 11 mm, while the travel of the two 
axes, X and Y, is 10 mm. They  are mounted in such a way as to cover the entire 
available travel and it is possible to zero-set them from any position in which they 
may be found, assuming this as the new origin. The dial gage is locked onto the 
supports by tightening the threaded dowels with an Allen wrench (n°22, Fig. 1.2). 
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Fig 1.3 ï Mechanical and Optical Device. Cross Section 

1- Stepping Motor for automatic slow 
speed 

2- Knob for slow manual feed 
3- Eyepiece 
4- Revolver hand release 
5- Revolver 
6- Air turbine 
7- Chuck 
8- End mill 

9- Knob for vertical fast feed 
10- Threaded dowel for closing rear of 

turbine 
11- Threaded dowels for microscope 

alignment 
12- Support feet 
13- Microscope 
14- Knob for horizontal motion 
15- Reticle support 
16- Threaded Bar 

1.2.2. Electronic Device  

The electronic device connects the mechanics and optical device and the data 
acquisition and control system. 

It contains the following components: 
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1. Stabilized power supply, furnishing two types of power supply: (a) power for 
stepped motor drive card; (b) logical for stepped motor control card 

2. Stepped motor control unit. 

3. Interface electronics for computer signals, entirely opto-isolated. 

4. Solenoid valve for cutting off turbine air feed. 

On front panel there are a number of LED indicators and a pressure gage. The air 
turbine is fed at a pressure normally ranging from 3.5 to 4.5 bar, displayed on the 
pressure gage (n°1, Fig.1.4) of the electronic device during operation. 

 

Fig 1.4 ï Front panel 

On the rear panel (Fig. 1.5) there is  

1. a switch for power supply to the electronics  

2. BNC connectors: input for end mill positioning contact sensor 

3. three analog inputs for strain gauge signals 

 

Note: connect the first strain gauge element (a or 1) with channel 1, the second 
element (b or 2) with channel 2, the third element (c or 3) with channel 3 

1 
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 The three analog inputs are used for analog strain gage amplifiers. 

4. 25-pole connector as connection cable to the computer 

5. 15-pole connector for connection of the stepping motor 

 

Fig 1.5 ï Rear panel 

6. Quick adapter for air input with a 6 mm outside diameter, 4 mm inside 
diameter nylon tube  

7. Quick adapter for air output with a 6 mm outside diameter, 4 mm inside 
diameter nylon tube 

8. 220V Power supply socket 

 

 

Air input will come from the pressure control and filter unit, and 
will not exceed 5.5 bar 
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1.2.3. Control and Data Acquisition Program  

Control of operation and data acquisition are effected by means of specially 
developed software, the I/O card and the electronic device. 

All of the functions are selected through graphic panels and software keys. Each key 
carries out a precise function and is commented to make the graphic panel self-
explanatory. The keys can be selected using the mouse. It is possible to return to the 
previous panel from the keyboard by pressing the "Escape" key. This is a convenient 
way to exit from the program without having to use the mouse.  

The input data are entered by selecting the proper frame with the mouse and typing 
the data in it. It is unnecessary to press RETURN since the values are acquired 
automatically. 

The main program is called "SINT_RSM.EXE". The type of printer may be selected 
from the program status bar. 

The main windows, shown in figures below, carry out the following functions: 

   

Fig 1.6a ï Main menu Fig 1.6b ï Test setup Fig 1.6c ï Test manager 

In addition to these windows, there are other drop windows which appear 
superimposed over the main one and carry out secondary functions, eg, selecting 
the name of a file in order to retrieve previously stored data or to save test data; 
controlling the stepping motor during the drilling steps, the window for entering hole 
data; the stepping motor control window for manual positioning. A detailed 
explanation of the functions of the individual keys is given in Chapter 3 of this 
manual. 

The software gives the user different options in each of the following stages: 

1) Hole-drilling method 

¶ STEP-BY-STEP SEQUENCE 

¶ AUTOMATIC SEQUENCE 
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2) Stress evaluation: 

¶ Best-fit of strain/depth data obtained during hole drilling 

¶ Calculation of residual stresses 

For each stage there is a standard procedure, which the software executes as 
default, unless otherwise specified. Normally the default procedures are those 
recommended. 

Stage 1. 

With this system, a high number of drilling steps can be effected with precision, thus 
making it possible to describe the relaxation curves through many experimental 
points. The subsequent best-fit procedures can thus be used to best advantage and 
the stability and quality of the final results are improved. The minimum number of 
drilling steps to be taken as a reference can be 10, as indicated in Standard ASTM E 
837-01. However, the best results are obtained with 25 or more. It is, however, 
advisable to effect drilling steps of at least 0.01 mm, in order to obtain significant 
increments in the strain values measured between one step and another. 

Stage 2 . 

Best-fit of data is effected with a polynomial, the coefficients of which are determined 
by the minimum squares method. At this stage it is possible to select the degree of 
the interpolating polynomial, for each group of data relevant to the three strain 
measurements effected in the depth of the hole. It is, however, advisable not to 
utilize excessively high degrees (> 6-7), to avoid problems of numerical instability, 
and in any case the upper limit is equivalent to n-1, where n is the number of drilling 
steps executed. The default software determines the optimum degree of polynomials 
through an optimization procedure . 

The following procedures for calculating residual stresses are implemented by the 
software: 

- Standard ASTM E 837-01  

- Integral method 

- Power Series method 

- Kockelmann method 

The procedures have different fields of application and the following indications 
should be taken into consideration when selecting procedures: 

- Uniform Stress Method  (According to Standard ASTM E 837 [1] ).  

It assumes that the residual stress are uniformly distributed throughout hole depth, 
following standard ASTM E 837-01. Consequently, it furnishes a single residual 
stress value for the entire depth of the hole. 
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- Integral method [2 -3]. 

This method, widely used and reported in technical literature, may be used, even 
where stresses vary through the thickness of the specimen, to evaluate the residual 
stresses in the depth of the hole. This method requires selection of the number of 
calculation steps and distribution in the depth of the hole. The software allows 
selection to be made between distribution at constant amplitude, increasing with 
depth, and variable distribution, through  a procedure for optimizing amplitude in 
depth, aimed at reducing sensitivity to measurement errors. The default selection is 
that of the optimized procedure. 

For application of this method, the coefficients numerically determined by Schajer 
[ref.] are utilized. The greatest limitation to this method lies in the maximum depth of 
analysis, limited to 0.5 times the mean radius of the strain rosette utilized. 

- Power Series method [4].  

This method, based on a simplifying hypothesis, may be considered an 
approximation of the integral method. However, it may be useful in as much as it 
allows data to be obtained at depths greater than those of the integral method (it is 
possible to reach at the depths prescribed by the ASTM standard, 1.2 times the hole 
diameter). The software implements the method utilizing the coefficients calculated 
by Schajer [4], depending on the selection made. 

The operator selects the number of calculation steps to be utilized, corresponding to 
the number of points in which the residual stresses are described in the depth of the 
hole. 

- Koc kelmann method [5].  

The Kockelmann method is considered an approximation of the integral method but 
it may be useful in as much as it allows data to be obtained at depths greater than 
that of the integral method (the maximum depth is equal to the hole diameter). The 
software implements the method utilizing the coefficients calculated by Kockelmann. 
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1.3. Technical data  

Drilling device:  

Height 

Width 

Length 

Weight 

mm 

mm 

mm 

kg 

180 

175 

205 

4.6 

Max speed of turbine 

Max diameter of end mill 

Turbine feed pressure 

rpm 

mm 

bar 

400,000 

2.2 

4-5 

Fast vertical motion 

Fine vertical motion (motor driven) 

Horizontal movement, X and Y, axes 

Turbine rotation  

Adjustment of feet 

mm 

mm 

mm 

degrees 

mm 

60 

7 

6 

45 

60 

Sound Pressure Level (at 1 meter) dB(A) 76,0 

 Electronic device:  

Height 

Width 

Length 

Weight 

mm 

mm 

mm 

kg 

140 

245 

220 

5.5 

Electronic power supply 

Compressed air feed 

Fuse 

V 

bar 

A 

220 (50/60Hz) 

5 max 

1.5 

 I/O Card  

- 16 analog inputs, single-ended 12-bit field +/- 5 Volts 

Digital outputs 

Digital inputs 

16-bit counters 

8 

8 

2 
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1.3.1. Minimum configuration of Personal Computer  

AT 486 66 MHz, MS-DOS 6.0 operating system or later versions, Windows 3.1 or 
later versions. 

It is advisable to have the maximum of 20MB storage on the hard disk. 

1.4. System  application  and limitations  

The system is designed to be used in performing tests to evaluate residual stresses 
by the semi-destructive strain gage rosette method, either according to Standard 
ASTM E 837-01 in the case of practically uniform residual stresses through the 
thickness, or according to the procedures for evaluating variable stresses through 
the thickness reported in technical literature. 

 

The system can also be used to drill precision holes, thanks to its great precision. 

 

NOTE: Using the system for any other purpose is prohibited. The manufacturer 
assumes no responsibility for any damage caused by using the system for 
purposes which are not specified in this manual (improper utilization) or 
using it incorrectly, e.g. not in accordance with the instructions given 
herein. 

NOTE: The tests can be performed on any component or material, as long as hole 
drilling involves no risk to the operator, to persons or property and has no 
prejudicial effect on safe utilization of the component in future. 
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1.5. Risks and Precautions  

The system has been designed to perform tests for the evaluation of residual 
stresses by the strain gage rosette method, in respect of safety conditions, in 
compliance with the EC Directives. 

The system in fact complies with Machine Directive (89/392/EEC) and subsequent 
amendments ï as reported in the Statement of Compliance ï and with Low Voltage 
Directive (73/23/CEE) and subsequent amendments. 

Moreover, the following Harmonized Regulations have been applied: EN 292, EN 
414, EN 1050, EN 60204-1. 

 

 

 

 

 

NOTE: The manufacturer assumes no responsibility for any damage caused by 
failure to observe this safety rule. 

However, there is the residual risk that machining chips may be 
projected during drilling, with the consequent risk of eye injury for 
the operator standing very close to the drilling equipment. 
Considering that the operator directly controls the drilling 
procedure, no active or passive protection has been introduced to 
eliminate this risk. It is therefore mandatory for the operator to 
wear goggles during all stages of testing where the risk exists, as 
reported on the machine. All of the circumstances in which it is 
mandatory to wear goggles are listed in Chapter 4 

Warning:  

Warning:  
To prevent electric shock, disconnect voltage before removing 
protection. 
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2. OPERATING INSTRUCTIONS AND MAINTENANCE 

2.1. Transport  

The system is transported in its own case, where the equipment must be housed. 
The weight of the case containing the system is 18 kg, so that it can be transported 
by one person without the aid of special equipment. 

 

Fig 2.1 ï The system in its own case 

2.2. Installation  

This term is used to indicate the following operations: 

- installation of the I/O card software before installing the card 

- installation of the I/O card for the machine on Personal Computer 

- installation of the hardware key and its driver on CD 

- installation of the software 

- selection of the printer 

These operations must be carried out prior to rendering the system operative and at 
when the Personal Computer used with the system is to be replaced. 
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The minimum technical requirement of the Personal Computer are indicated in the 
technical data (§ 1.3). 

The data acquisition card should be installed as indicated in its instruction manual, 
supplied with the system. 

Á The software driver card must be installed be fore the Restan Software  

The hardware key should be inserted in the parallel port. 

Á With Windows 2000 NT -XP remember to install the specific hardware 

Key driver included in the  CD. 

To install the software  in the personal computer, run the program setup.exe  
included in the CD. 

The Setup Program creates the Directory SINT on hard disk C where the loadable 
programs and the sub-programs are installed (the loadable programs are called 
ñSINT_RSM.EXEò and ñEVAL_RSM.EXEò). 

 

2.3. Maintenance  

 

 

The only maintenance procedures to be carried out by the purchaser are 
replacement of the turbine. 

Replacement should be effected when the turbine shows signs of malfunction. 

To replace the turbine , proceed as follows: 

1. Rotate the turbine revolver 45° (Fig. 2.6a). 

 

NOTE: Prior to utilizing the software, verify that the hardware key is inserted in 

the parallel port and install the software driver which can be found in the 

CD 

NOTE: Any maintenance or repair procedures not explicitly indicated in this section 
must be carried out by the manufacturer. 
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Fig 2.6a Fig. 2.6b 

2. Remove the three screws from the rear cover (Fig. 2.6b), utilizing the box 
wrench. 

3. Extract the turbine from above (Figs. 2.6c and 2.6d). 

  

Fig 2.6c Fig 2.6d 

4. Insert the new turbine. 

5. Insert the rear cover and fir the three screws. 

6. Calibrate the mechanical and optical device (§ 4.3). 

 

To prevent any accident to the air turbine is preferable to use a 
dedicated air compressor. Use an air filter, remove the presence  of 
humidity and verify the correct pressure value during all drilling 
operation. 
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3. DESCRIPTION OF THE CONTROL AND DATA 

ACQUISITION SOFTWARE 
 

The following procedures can be selected from the main menu panel (Fig. 3.1): 

 

Fig 3.1 ï Main Menu 

¶ POSITIONING CONTROL 

¶ TEST SETUP 

¶ DEFAULT SETTING 

¶ TEST MANAGER 

¶ RESTORE INTERRUPTED TEST 

These functions are explained in detail below. 

With the RESTAN software (RESTAN_RSM and RESTAN_EVAL) itôs possible to 
use the on line help. Press «Ctrl + H» and move the mouse on the relative 
pushbuttons. 
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3.1. Positioning Control  

The Positioning Control panel (Fig. 3.2) also contains the following elements: 

 

Fig 3.2 ï Positioning Control panel 

- Home: With fast vertical motion, automatically brings the motion-work to the 
extreme upper position (corresponding to the end-stroke limit switch). 

- Go to Zero:  Automatic positioning of the end mill on the zero depth (previously 
assumed as the surface of the component). 

- Speed mm/min:  Speed of feed in mm/min. 

- Current Depth [m m]:  Displays the current position of the end mill. 

- End Status:  This LED is on if the motion-work is positioned in the extreme upper 
position. 

- Turbine State:  Toggle switch and LED for manual control of turbine status 
(ON/OFF). 

- EXIT: Press this button to return to the previous panel. 
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3.2. Positioning End  mill on surface  

Before drilling a hole, the end  mill must be positioned at the zero point . This is 
defined as the point in which contact between the tool and the metal occurs.  

¶ To do this, click on ñPositioning Controlò (Fig. 3.1) to access the dedicated 
window (Fig. 3.2) and select ñPositioning End mill on Surfaceò.  

¶ The turbine starts and the end mill moves forward with the speed set at 0.3 
mm/min. In this situation all manual controls are disabled and the pushbutton 
ñEMERGENCY STOPò (Fig. 3.2a) can be used to stop the automatic procedure 
immediately, if necessary. 

¶ When the end mill reaches the working surface the feed stops and this is 

displayed by the message ñWARNING!!!! the current position is assumed 

as reference for hole depth!! ò. The LED in the bottom right corner will be red. 

If the material to be drilled is not a metal, totally manual positioning may be 
performed using the pushbuttons ñForwardò and ñReverseò. 

Upon reaching the surface, press the pushbutton ñAssume Current Position as 

Zeroò. The message ñDo you really want to assume this position as Zero 

Reference for Hole Depth ?? ò will appear. 

 

Fig 3.2a ï Positioning Endmill on surface 
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3.3. Test setup  

This is the interface for input of all the parameters before starting testing panel (Fig. 
3.3). 

 

Fig 3.3 ï Test setup panel 

3.3.1.  Step Setting  

In the Step Settings window, enter the nominal hole diameter and the desired 
number of drilling steps and choose the step distribution (profile), either linear or 
polynomial. If polynomial is selected a horizontal scale will appear on which to set 
the tension factor (this is a parameter used to adjust the polynomial profile e.g. to 
increase the step density in proximity to the surface) of the drilling profile. 

Warning : In this case remember to use low speed (f.e. 0.3 
mm/min) to approach the surface of the component. 
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3.3.2. Step Investigator  

This window (Fig. 3.3) is very useful for analyzing the selected profile. When the 
desired step is selected by the vertical scroll bar in the window, the corresponding 
hole depth [mm] and step depth [mm] are displayed. 

3.3.3. Strain Gauge Setting  

It is important to select the designation of the strain gauge rosette utilized, as 
specified by the manufacturer on the package, since it will be used by the program to 
derive the geometric data. 

You can select (Fig. 3.3) the designation directly on the ñStrain Gauge Typeò from 
among the following: 

§ HBM: RY61S-1.5/120 

§ HBM: 3/120-RY21 

§ M-M: EA-031RE-120 

§ M-M: EA-062RE-120 

§ M-M: TEA-062RK-120 

§ M-M: CEA-062UM-120 

§ M-M: EA-125RE-120 

The Diameter [mm] and Gauge Factor of the selected rosette are displayed in the 
lower right-hand corner. It is possible to customize the gauge factor by modifying the 
Gauge Value from Default to Custom.  

If Custom is selected, you can insert a customized gauge factor after pressing 
Customize Rosette. 

It is possible to enter a totally customized strain rosette (if the desired strain rosette 
designation is not listed in the dedicated ring), by first selecting ñCW Custom 
Rosetteò or ñCCW Custom Rosetteò and then pressing ñCustomize Rosetteò. A new 
window will appear, to be utilized for entering the following parameters for the 
customized rosette: 

§ Designation of Type (A ï B ï C in according to ASTM E837-01) 

§ Diameter 

§ Gauge Factor 

§ CW (Clock-Wise) or CCW (Counter-Clock-Wise) 
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3.3.4. Material Type  

When the button ñMATERIAL TYPEò is selected, a dedicated interface (Fig. 3.4) 
appears, for input of the following data: 

- Material:  designation of the material of which the test specimen or component is 
made. 

- Heat Treatment:  description of heat treatment, if any, to which the specimen has 
been subjected. 

- Poisson Ratio:  value of the Poisson ratio. 

- Youngôs modulus [N/mm
2
]:  modulus of elasticity of the material. 

- Notes:  Space provided for more detailed information on the material, component, 
etc. 

 

Fig 3.4 ï Material Type panel 

Press ñRETURNò to return to the TEST SETUP panel. 

3.3.5. Instrument Setting  

Hit the ñINSTRUMENT SETTINGò button. A dedicated window (Fig. 3.5) will appear 
from which to select the desired instrument by means of the ring on the left hand 
side of the window. When the instrument has been selected, hit the button 
ñINSTRUMENT SETTINGò to configure it. 

Click on ñOKò to save the instrument setting and return to the TEST SETUP panel. 

Press ñCANCELò to exit without saving changes. The selected instrument is shown 
in the dedicated view of the TEST SETUP panel. 
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Fig 3.5 ï Instrument setting Panel 

One of the following instruments can be selected: 

§ HBM-UPM60 

§ HBM-UPM100 

§ HBM-MGC 

§ HBM-MGC Plus 

§ HBM-DMC-PLUS 

§ HBM Spider8 

§ VI Server Data 

§ PCI 6023E (Analog Strain Gage Amplifier) 

§ DAQCARD 6024E (Analog Strain Gage Amplifier) 

The last two instruments are two acquisition cards with identical features and 
connection. The former is used for notebook configuration and the latter for desktop 
configuration (for more detailed information see the National Instruments Manual). 

PCI 6023E and DAQCARD 6024E 

These data acquisition cards, like most cards of this type, have an input range of 

°10V, while analog strain gauge signal amplifiers can normally supply a maximum 

output signal of °10 volts. For this reason it is advisable to set the sensitivity of the 
strain gage signal amplifier so that it does not exceed the input range of the card. 

However, the card is protected for signals up to °45 volts, so that no risk is involved 
if the input range of 10 volts is exceeded.  
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Fig 3.6a ï PCI 6023E control panel Fig. 3.6b ï DAQCard 6024E control panel 

Dedicated panels (Figs. 3.6a and 3.6b) are designed for input of the following 
parameters: 

- DEVICE: Device number of the data acquisition board. 

- SENSITIVITY [mV/V]:  This value must be the same as the sensitivity [mV/V] set on 
the analog amplifier used for testing. 

- STRAIN GAGE SUPPLY [V]:  Value of the strain gage supply voltage [V]. It must 
be the same as the value set on the amplifier. 

- MAX OUTPUT:  This value must be equal to the max output [V] corresponding to 
the full scale on the amplifier used for testing. 

- SCAN RATE:  Enter the scan rate of acquisition in Hz, that is, the number of times 
all of the channels are scanned each second. 

- SAMPLES:  Enter the number of samples to be read for each channel. (Used to 
calculate the mean value). 

The PCI 6023E and DAQCard6024E  panels also contain the following features: 

- ñSingle Readò: Press this button to have a single reading. 

- ñContinuous Readò: Press this button to have continuous strain reading. 

- ñTare Balanceò: Press this button to set the balance of the strain gage bridge 

- ñBalance Statusò: Switch the balance status ON/OFF. 

UPM60 

For more detailed information on the UPM60, refer to the HBM manual.  

A dedicated panel (Fig. 3.7) is available for entering the following parameters: 
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Fig 3.7 ï UPM 60 Control panel 

Á Element connection:  In the first row of the ñElement Connectionò window, enter 
the channels on which elements (a),(b),(c) or (1),(2),(3) are connected. There is 
also an indicator (the second row) for displaying of the message ERROR on the 
channel where an error is detected. If no error is present, the indicator displays 
the message ñOKò. 

 

  

Á Amplifier setting:  Select the amplifier setting for the UPM60 from the following 
values: 

Á 5VDC Á 600Hz/5V 

- Integration Time:  Set the integration time of the UPM60 device. 

The HBM-UPM60 panel also contains the following features: 

- ñSingle Readò: Press this button for a single strain reading. 

- ñContinuous Readò: Press this button for continuous strain reading. 

- ñTare Balanceò: Press this button to set the balance of the strain gage bridge 

- ñBalance Stateò: Switch the balance status ON/OFF. 

- ñTransmit to deviceò: set the device with the current parameters 
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- ñDetect Deviceò and ñDisconnect Deviceò: connect and disconnect the device 

- ñSerial Port Configò: configure the serial communication led to show the correct 
serial connection. 

UPM100 

For more detailed information on the UPM100, refer to the HBM manual. A 
dedicated panel (Fig. 3.8) is available for input of the following parameters: 

 

Fig 3.8 ï UPM100 Control panel 

- Element connection:  In the first row of the ñElement Connectionò window enter 
the channels on which are connected elements (a),(b),(c) or (1),(2),(3) are 
connected. There is also an indicator (the second row) for displaying the message 
ERROR on the channel where an error is detected. If no error is present, the 
indicator displays the message ñOKò. 

 

  

- Line  Length:  Length of the cable used to connect the strain gage to the UPM100. 

- Connecting type:  Type of the strain gauge connection. 



RESTAN ï SYSTEM FOR MEASURING RESIDUAL STRESSES  

                   BY THE HOLE DRILLING METHOD  

                   OPERATING AND MAINTENANCE MANUAL  

 

 

REEN-05.1 - 32 - 

- Amp. Set.:  Select the amplifier setting for the UPM100 device from: 

§ 5VDC § 600Hz/5V 

- Integration time [msec]:  Refer to the UPM100 manual. 

- Sample Integration Time [msec]:  Refer to the UPM100 manual. 

- Total Integration Time [msec]:  Refer to the UPM100 manual. 

- Resolution:  Select UPM100 resolution from: 

§ Standard 

§ Higher 

§ For more detailed information about this parameter see the UPM100 

manual.  

The HBM-UPM100 panel contains the following features: 

- ñSingle Readò: Press this button to have a single strain readings. 

- ñContinuous Readò: Press this button to have continuous read of the strain 
reading. 

- ñTare Balanceò: Press this button to set the balance of the strain gage bridge 

- ñBalance Stateò: Switch the balance status ON/OFF. 

- ñTransmit to deviceò: set the device with the current parameters 

- ñDetect Deviceò and ñDisconnect Deviceò: connect and disconnect the device 

- ñSerial Port Configò: configure the serial communication LED to show the correct 
serial connection. 

MGC and MGCPlus 

For more detailed information on the MGC, refer to the HBM manual. A dedicated 
panel (Fig. 3.9a MGC and Fig 3.9b for MGCPlus) is provided for input of the 
following parameters: 

- Element connection:  In the first row of the ñElement Connectionò window, enter 
the channels on which elements (a),(b),(c) or (1),(2),(3) are connected. There is 
also an indicator (the second row) for displaying of the message ERROR on the 
channel where an error is detected. If no error is present, the indicator displays 
the message ñOKò. 
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- Excitation Voltage:  Desired bridge excitation voltage: 

§ 1V 

§ 2.5V 

§ 5V 

  

Fig 3.9a ï MGC Control panel Fig 3.9b ï MGCPlus Control panel 

- Full Scale Value:  Full-scale value without decimal point used for indication. 

- Measuring Range:  Measuring range is adjusted to the value shown on this 
indicator. 

- Shunt Resistor:  Shunt status ON/OFF. The amplifier is adjusted to the desired 
transducer configuration. 

- Filter Type:  The type of the low-pass amplifier filter can be selected from: 

§ Bessel 

§ Butterworth 

- Cutoff Frequency:  The selected filter is adjusted to the cutoff frequency set by this 
control. 

- Number of samples  for Mean calculation:  Number of measured values used for 
mean calculation. 
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§ For more detailed information about this parameter , see the MGC or 

MGCPlus manual.  

The HBM-MGC panel contains the following components: 

- ñSingle Readò: Press this button to have a single strain reading. 

- ñContinuous Readò: Press this button to have continuous strain reading. 

- ñTare Balanceò: Press this button to set the balance of the strain gage bridge 

- ñBalance Stateò: Switch the balance status ON/OFF. 

- ñTransmit to deviceò: set the device with the current parameters 

- ñDetect Deviceò and ñDisconnect Deviceò: connect and disconnect the device 

- ñSerial Port Configò: configure the serial communication LED to show the correct 
serial connection. 

DCM-PLUS 

For more detailed information on the DCM-PLUS refer to the HBM manual. A 
dedicated panel (Fig. 3.10) is used to enter the following parameters: 

 

Fig 3.10 ï DCM PLUS Control panel 

- Element connection:  In the first row of the ñElement Connectionò window, enter 
the channels on which are connected elements (a),(b),(c) or (1),(2),(3) are 
connected. There is also an indicator (the second row) for displaying the 
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message ERROR on the channel where an error is detected. If no error is 
present, the indicator displays the message ñOKò. 

 

  

- Excitation Voltage:  Desired bridge excitation voltage: 

§ 0.625V 

§ 1.25V 

§ 2.5V 

§ 5V 

- Measuring Range:  This control adjusts the measuring range. 

- Measuring Rate:  This control adjusts the measuring rate (measurement/s). 

rate: 9600 ï 4800 ï 2400 ï 1200 ï 600 ï  

- 300 ï 150 ï 75 ï 60 ï 50 ï 30 ï 20 ï 10 ï 5 ï 2 - 1 

Use this control to adjust the measuring rate for all currently active channels. Take 
into account that it might be necessary to adapt the amplifiers' cutoff frequency to 
the new measuring rate. If the former cutoff frequency is not within the permissible 
range for this measuring rate, it should be set to the closest possible value. 

- Filter Type:  The type of low-pass amplifier filter may be selected from among: 

§ Bessel 

§ Butterworth 

- Cutoff Frequency:  The selected filter is adjusted to the cutoff frequency set by 
this control. 

- Number of samples for Mean calculation:  Number of measured values used 
for mean calculation. 

The HBM-DCM-PLUS panel contains the following components: 

- ñSingle Readò: Press this button to have a single strain reading. 

- ñContinuous Readò: Press this button to have continuous strain reading. 

- ñTare Balanceò: Press this button to set the balance of the strain gage bridge 
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- ñBalance Stateò: Switch the balance status ON/OFF. 

- ñTransmit to deviceò: set the device with the current parameters 

- ñDetect Deviceò and ñDisconnect Deviceò: connect and disconnect the device 

- ñSerial Port Configò: configure the serial communication LED to show the correct 
serial connection. 

SPIDER 8 AND SPIDER 8-30 

For more detailed information on SPIDER 8 refer to the HBM manual. On the 
dedicated panel (Fig. 3.11) is provided for inputting the following parameters: 

 

Fig 3.11 ï SPIDER 8 Control panel 

- Port  : indicates the port to which the Spider 8 is connected : 

Á COM 1 Á LPT 1 

Á COM 2 Á LPT 2 

- ñTest Connectionò: Press this button to establish or verify connection with the 
selected communication port. 

- ñBridge Typeò: Indicates the type of strain gage bridge utilized: 

ï Full Bridge 
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ï Half Bridge 

ï Quarter Bridge (Spider 8-30 only) 

- Mode : indicates the operating mode of the connection with Spider 8: 

ï 600 

ï 1200 

ï 2400 

ï 4800 

ï 9600 

ï 19200 

ï 38400 

ï 57600 

ï 115200 

ï Bit8Mode 

ï ByteMode 

ï EPPMode 

- ñM. Rangeò: Measurement  range set on amplifier: 

ï 3 mV/V 

ï 12 mV/V 

ï 125 mV/V 

ï 500 mV/V 

- ñTare Balanceò: Press this button to balance the bridge and acquire the tare 
values for each channel 

- ñBalance Statusò: enables or disables the tare function  

- ñTare Valuesò: numerical indices displaying the current tare value for each 
channel 

- ñSpider 8 Connectionò: shows the connection status (The LED is green if 
connection is on) 

 

 

 

 

ATTENTION! The three elements of the strain gage rosette,  (a), (b), (c ) for 

rosette CW or (1), (2), (3) for rosette CCW, must be connected to channels 

0, 1 and 2 respectively of Spider 8 / Spider 8 -30. 
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3.3.6.  General Data Setting  

Press the ñGENERAL DATA SETTINGò button. A dedicated window (Fig. 3.12) will 
appear to enter the following information: 

- Date:  date of test. Press ñNowò button to insert automatically the computer date. 

- Operator:  name of operator performing the test. 

- Place:  place where test is conducted 

- Test description:  brief description of test. 

- File path:  path of the file where the data will be saved (the button ñSet path and 
fileò opens a dialog box which is very helpful in selecting the desired path). 

 

Fig 3.12 ï General Data setting panel 

Press ñOKò to save all of the data entered and return to the TEST SETUP. Click on 
ñCANCELò instead to exit without saving changes. 

All of the settings described above can be saved on file by clicking on the button 
ñSAVE CONFIGò (Fig 3.3). A dialog box will appear on which to enter the name 
(*.CFG) of the desired configuration file. It is possible to save several configurations 
as desired. Each configuration can be loaded using the ñLOAD CONFIGò button (Fig 
3.3). 

Press ñOKò to return to the main panel with the selected configuration. 

Press ñCANCELò to exit with the configuration unchanged. 
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3.4. Default Setting  

Press the pushbutton ñDefault Settingò (Fig. 3.1), a panel will appear (Fig. 3.13) 
showing the following items: 

 

Fig 3.13 ï Default Setting Panel 

- MECHANICAL SETUP:  Press this button to enter mechanical setup (Fig. 3.15), the 
password must be entered to modify it (please contact our customer service 
info@sintechnology.com)  

¶ Screw Pitch [mm/r]: Advancing step in [mm] for a screw revolution [r]. 

¶ Stepping Motor Control Type (1/2 - 1/4 step): nominal stepping motor 
resolution is 200 steps/revolution (equal to 1.8 degrees/step ). Select one 
the following stepping motor controls: 

§ 1/2 step  ->  400 step/revolution 

§ 1/4 step  ->  800 step/revolution 

- SAVE CURRENT SETTING AS DEFAULT:  Press this button (Fig. 3.13) to save 
all the current settings in the default file. Warning! the existing default file will be 
overwritten (a message will appear for confirmation of this choice). 

- RETURN: Press this button (Fig. 3.13) to return to the main menu (Fig. 3.1) 

3.5. Test Manager  

Before entering ñTest Managerò, the current position must be zero (refer to § 3.1). 
This is the procedure in which testing really starts.  

mailto:info@sintechnology.com
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When ñTest Managerò is pressed, a control window will appear for controlling motion 
and data acquisition (Fig. 3.14). 

 

Fig. 3.14 ï Test Manager Panel 

The ñTEST STATUSò window shows all of the necessary information on the current 
test such as: 

¶ Not started 

¶ Completed 

¶ Emergency stop 

¶ Waiting for reading 

¶ Waiting for drilling 

and also: 

¶ Number of steps completed 

¶ Number of remaining steps 

¶ Current depth [mm] 

¶ Depth of the next target step [mm] 

Drilling and measurement can be performed in two different ways: 

¶ Step-by-Step sequence  
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¶ Fully automatic sequence  

When you enter ñTEST MANAGERò in the upper left-hand corner, the button shows 
the ñSTEP-BY-STEP SEQUENCEò option. If you press this button you select the 
ñAUTOMATIC SEQUENCEò option. To return to ñSTEP-BY-STEP SEQUENCEò you 
must press it again. 

Each time a step is completed, it is possible to switch from one sequence to another. 
To start the selected sequence, press the ñSTART TESTò button. When this button 
is pressed for the first time the procedure automatically enters into the instrument 
setting to set the balance of the strain gauge bridges. 

After checking the channel readings, check the zero-setting of the strain gage. If the 
values are far from zero, reset the strain gage amplifiers to zero and check again. 
When you exit from this window, drilling starts immediately. If you do not set the 
balance the sequence does not start. 

3.5.1. Step-by-Step Sequence  

To enable this type of sequence, select ñSTEP-BY-STEP SEQUENCEò in the upper 
left-hand corner. 

Before starting the test , enter the feed speed in mm/min; for metals, a speed 

ranging between 0.1 and 0.2 mm/minute is recommended . 

a) When you hit the ñSTART TESTò button (after tare balance has been performed, 
as described above), operation will begin and the motor window (Fig. 3.15) 
appears, showing feeding of the end mill and the number of steps completed by 
the stepping motor. One complete revolution, corresponding to a feed of 
approximately 0.5 mm, is normally effected in 800 steps. 

b) When the motor steps indicator reaches the pre-established value the motor (and 
consequently the counting of steps) stops and the motor window disappears. 
During this time the current depth is saved on a positioning file and it will be 
reused if an interrupt occurs. When the step has been completed, read the strain 
value by clicking on the ñREADò button (the LED ñReading Requestò will light up). 
The values may be read several times (eg, to check the stability of measurement) 
by pressing ñREPEAT READò. 

c) The button ñNEXT STEPò will appear. Hit it to start drilling again. 

d) Repeat this procedure until the hole is completed. 
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Fig 3.15 ï motor panel 

Important Note about STE P-BY-STEP SEQUENCE 

¶ When the test has been completed, hit ñHOLE DATAò (Fig. 3.14) to enter the 
dimensions X1, X2, Y1 and Y2 (Fig. 3.16), which will be used by the program to 
derive 

§ mean hole radius 

§ eccentricity radius 

§ eccentricity angle 

It will be possible to modify this data at a subsequent stage. If you esc from ñTest 
Managerò windows without entering ñHOLE DATAò the program automatically ask 
this information. If you not desire to insert this data press ñOKò. 

¶ The ñEMERGENCY STOPò motor window (Fig. 3.17) is only in the motor window 
(Fig. 3.15). If the operator presses it, operation will cease and the TEST 
MANAGER window will appear again. If the emergency status is active the 
ñSTART TESTò button become ñCOMPLETE STEPò and the operator must press 
it to complete the step. 

¶ When STEP-BY-STEP SEQUENCE is selected, before pressing ñNEXT STEPò, 
even if the test is running, the operator can modify the drilling profile with the 
ñMODIFY PROFILEò button (Fig. 3.14). In this case, a new window appears, on 
which it is  possible to add or remove steps from the estimated number of steps. 

¶ While the test is running it is possible to enter the manual positioning procedure 
either when the Step-by-Step Sequence requests drilling or during drilling if the 
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operator presses ñEMERGENCY STOPò. To do this, press the ñENDMILL 
POSITIONINGò button (Fig. 3.14). 

 

 

Fig 3.16 ï Hole Data window 

When you exit from manual positioning (in either case) the program automatically 
brings the end mill to the original depth (the depth at which manual positioning was 
entered). 

This procedure is very helpful if the end mill breaks while the test is running. 

¶ If the operator does not read strain at least once, the test will not start again when 
the button ñNEXT STEPò is pressed. 

¶ While the test is running the operator can modify the instrument setting by hitting 
ñMODIFY INSTR. SETTINGò (Fig. 3.14). but tare balance cannot be effected (the 
dedicated button is disabled and grayed-out). 

¶ It is possible to insert a note in the data file by pressing ñINSERT NOTEò. The 
length of the note should be 50 characters or less; otherwise it will be truncated. 

¶ If ñEXITò (Fig. 3.14) is pressed when the test has not yet been completed, the 
following message will appear: 
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¶ If your answer is positive the relevant data file is marked as interrupted (TEST 
STATUS=OFF) and you can restore this test using the dedicated command in the 
main window. 

3.5.2. Automatic Sequence  

With this function all of the procedures described above are carried out 
automatically. To enable this type of sequence, select ñAUTOMATIC SEQUENCEò in 
the upper left-hand corner. 

The program will perform drilling according to the step sequence defined in the setup 
window. Upon completion of each drilling step the turbine is stopped and there is a 
delay time (default of 3 seconds) before acquisition of the strain gage data. It is 
possible to change the length of this delay using the dedicated control. 

Important Note about AUTOMATIC SEQUENCE  

¶ When the test has been completed, hit ñHOLE DATAò (Fig. 3.16) to enter the 
dimensions X1, X2, Y1 and Y2 (Fig. 3.16), which will be used by the program to 
derive  

§ mean hole radius 

§ eccentricity radius 

§ eccentricity angle 

It will be possible to modify this data in a subsequent stage. If you esc from ñTest 
Managerò windows without entering hole data the program automatically ask this 
information. If you not desire to insert this data press ñOKò. 

¶ The motor window (Fig. 3.17) has an ñEMERGENCY STOPò button only. If the 
operator presses it, operation will stop and the TEST MANAGER window will 
appear again, automatically switching to the STEP-BY-STEP SEQUENCE. If the 
emergency status is active the ñSTART TESTò button becomes ñCOMPLETE 
STEPò and the operator must press it to complete the step. 

¶ When AUTOMATIC SEQUENCE is selected, even if the test is running, the 
operator can modify the drilling profile by first switching to the STEP-BY-STEP 
SEQUENCE and then pressing the button ñMODIFY PROFILEò. In this case a 
new window appears on which it is possible to add or remove steps from the 
estimated number of steps. 

Test not completed 

Do you really want to exit ? 
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¶ While the test is running it is possible to enter the manual positioning procedure 
either before the Automatic Sequence reads strain, or during the drilling. 

 

 

Fig 3.17 ï Automatic Sequence Panel 

In the former case the operator must first switch to the STEP-BY-STEP SEQUENCE 
and then press the button ñENDMILL POSITIONINGò (Fig. 3.17). 

In the latter case the operator must press ñEMERGENCY STOPò (Fig. 3.15) to return 
to the Test Manager window (the sequence automatically switches to the Step-by-
Step window). We recommend that you do not to use the ñEmergency Stopò during 
this operation. 

When you exit from manual positioning (in either case), the program automatically 
brings the end mill to the original depth (the depth at which manual positioning was 
entered). 

This procedure is very helpful if the end mill breaks while the test is running. 

¶ While the test is running the operator can modify the instrument setting by first 
switching to the Step-by-Step Sequence and then hitting ñMODIFY INSTR. 
SETTINGò (Fig. 3.17) but while it is running tare balance cannot be effected (the 
dedicated button is disabled and greyed-out). 

¶ When the test has been completed it is possible to add a note in the data file by 
pressing ñINSERT NOTEò; the length of the note must be 50 characters or less; 
otherwise it will be truncated. 
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¶ If ñEXITò (Fig. 3.17) is pressed when the test has not yet been completed, the 
following message will appear: 

If your answer is positive, the relevant data file is marked as interrupted (TEST 
STATUS=OFF) and you can return to this test using the dedicated command in 
the main window. 

3.6. Restore Interrupted Test  

Hit this button (Fig. 3.1) when you want to return the last interrupted test in order to 
complete it up to the end of the step sequence. In this case, you must confirm your 
choice when the following message appears: 

WARNING!! 

RESTORING THE LAST INTERRUPTED TEST 

ALL CURRENT DATA IN MEMORY WILL BE LOST. 

It is possible to restore the last interrupted test and to complete it only if the end mill 
position is the same as when the test was interrupted. In this case, when the 
operator presses ñRestore Interrupted Testò, the program automatically initializes the 
Test Manager procedure (reading the last current depth on the position file) and ask 
to load the interrupted file. After reload the status will be ñWaiting for Drillingò in step 
by step sequence. Select the appropriate drilling configuration (the drilling 
methodology, ñSpeedò, ñDelay Timeò if in ñAutomatic Sequenceò) and start the test. 
The software complete the remaining step. If you try to restore a test other than the 
last one, the following message will be displayed: 

WARNING!! 

Data File does not correspond 

to the position file. 

Test not completed 

Do you really want to exit ? 
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4. PERFORMING TESTS 
Testing consists of the following steps: 

- preparation of the machine, consisting in calibration, positioning, etc. 
- hole drilling 
- measurement 
- calculation 

4.1. Safety precautions  

¶ The tests should be performed by a single operator. In cases where the drilling 
equipment must be installed on surfaces that are not horizontal, a second 
operator will be needed for positioning. 

¶ Application of the strain rosette, wiring of the cables and in general all procedures 
in connection with use of strain gauges can be carried out by another operator. 

The operatorôs work post, in relation to the different stages of testing, is: 

¶ at the personal computer and at the electronic device during the stages of 
preparing for testing, hole drilling and calculation. Since the procedures for  hole-
drilling and strain gauge measurement are totally automated, the operator 
presence at the drilling device is not necessary 

¶ at the drilling device during calibration, positioning of the machine and measuring 
the diameter and eccentricity of the completed hole. 

 

NOTE: 

¶ Opening the electronic device is not necessary and is not allowed. Nevertheless, 
if the electronic device must be opened, prior to doing so ensure that the power 
supply cable has been detached from the socket. 

¶ To reduce the risk of electric shock, use only power supply cables with grounding. 

¶ The measurement system is designed to operate with power supplies ranging 
from 187 to 253 Vac. Failure to observe these limits when using the system may 
result in damage to it. 

During hole drilling and cleaning, when the operator is standing near 
the drilling equipment protective goggles (not supplied with the 
system) must be worn to avoid injury from flying machining dust. 
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¶ To replace the fuse, first disconnect the power supply cable from the mains. 

¶ Do not wet the equipment or utilize it outdoors when raining. 

¶ Do not use fluids or chemical substances to clean the electronic device. Use only 
a damp cloth. 

4.2. Connections  

The connections to be made, shown in Fig. 1.1, are the following: 

¶ connection of drilling device to compressed air system 

¶ connection of electronic device to computer (desktop or portable) 

¶ connection of electronic device to drilling device 

¶ connection of strain gage amplifiers to Personal Computer, through interface 
RS232, if HBM digital amplifiers are used (MGC, DCM Plus, UPM 60, UPM 
100,é) (Fig. 1.1) or connection of strain gage amplifiers to electronic device if 
analog strain gage amplifiers are used  

¶ connection of strain gage cables to strain gage amplifiers 

¶ connection of contact cable 

The turbine is connected to the air system with a quick adapter and with a flexible 
tube. The system has an on/off valve and a filter/pressure reducer for regulating 
pressure. An on-off solenoid valve is housed inside the electronic device and is 
controlled by the software program. 

 

The electronic device is connected to the personal computer through the 25/50 pole 
interface cable and to the drilling equipment through the flexible air tube, the 
stepping motor cable and the contact cable. 

The strain gage amplifiers are connected to the electronic device through BNC, in 
the case of analog amplifiers, or through the serial port of the Personal Computer if a 
digital device is utilized. 

The cables wired to the strain gages are to be connected with the electronic device 
as indicated by the manufacturer of the electronic device. 

After all of the connections have been made, the Personal Computer may be 
switched on and the main test management program, ñSINT_RSMò, may be run. 

NOTE: The air input comes from the filter/pressure reducer unit, and does not 
exceed 5 bar. The air turbine will be fed at a pressure normally ranging 
from 3,5 to 4,5 bar read on the electronic device pressure gage 
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This program resides in the directory SINT on hard disk C and you can start the 
program from START/PROGRAMS/Residual Stress Measurement. 

4.3. Calibration  

Calibration consists of aligning the optical reference center (e.g., the center of the 
reticule in the microscope eyepiece), with the drilling axis. It is a procedure for fine 
adjustment of the mechanical equipment which should be carried out only in the 
following cases: 

- the first time the system is used and after a trip 

- if the turbine is replaced 

- whenever there is a justified reason for considering that the alignment 
between the drilling axis and the microscope axis is insufficient (e.g., if 
eccentricity is greater than the value prescribed by standard ASTM E 837). 

The steps to be carried out are the following: 

1. Install the end mill supplied with the device (cutter, n° 3 in Fig. 4.1), following 
the instructions provided in section 4.6 dealing with end mill installation. 

 

Fig 4.1 

2. Place the device on a metal plate. With the threaded bars (n°2, Fig. 4.2), 
adjust the height of the device, checking with the L-shaped square (n°1, Fig. 
4.2) to ensure that the drilling head is perpendicular to the surface. Then 

1 2 3 4 5 
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tighten the locking rings which fix the ball joints of the feet and the threaded 
bars (n°2, Fig. 4.2). 

 

Fig 4.2 

3. Using the vertical fast motion knob (n°9, Fig. 1.2), bring the end mill close to 
the surface. Bring the end mill as close as possible to the surface without 
actually touching it. 

 

Fig 4.3a 

2 

1 
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4. Stop the feed with the hand grip (n°16, Fig. 1.2). 

 

Fig 4.3b 

5. Start the turbine with the related button on the Positioning Control Panel (§ 
3.1 and Fig. 3.2). 

6. Utilize the Positioning Control Panel (§ 3.1, Fig. 3.2) - or the manual feed with 
the knob (n°2, Fig. 1.2) to make a small impression on the surface of the 
plate. Since the microscope has about 20 power magnification, it is sufficient 
to make a very light impression advancing very slightly. 

7. Stop the turbine (Positioning Control Panel - Fig. 3.12). With the fast motion 
(Fig. 3.2), lift the slide and then lock it with the knob (n°16 Fig 1.2). Rotate the 
turbine revolver 45° (press the hand grip and turn it) to keep it from 
obstructing the field of vision of the microscope (see from A to C Fig 4.3). 

 

8. Release the vertical movement of the head again and, looking through the 
microscope, adjust the focus by raising or lowering the microscope carrier 
head (rack motion - Fig. 4.3d), until the impression on the plate can be clearly 
seen and lock it again with the knob. 

NOTE: Ensure that vertical motion is perfectly locked. Otherwise, pressing the 
knob to rotate the turbine revolver would press the turbine downward, 
with the potential risk of damaging it. 
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Fig. 4.3c 

9. With the 1.5 mm Allen wrench (n°5, Fig.5.1), loosen the fastening dowel (n° 
24, Fig. 1.2); then rotate the microscope so that the axes of the reticle 
coincide with the X and Y sliding axes of the equipment. Moving one of the 
two axes, X or Y, (knobs 14, Fig. 1.3), verify that the impression produced on 
the plate, viewed through the microscope, slides parallel to the relevant axis 
of motion. Then tighten the fastening dowel (n° 24, Fig. 1.2). 

10. Adjusting the four dowels (n° 21, Fig. 1.2), move the reticle until it is centered 
on the impression made in the plate. Then tighten the four dowels gradually 
and in sequence. 

11. Check the centering and, if necessary, repeat steps 9 and 10. 

12. Remove the equipment from the plate after a new verification of the centering 
(repeat steps from 2 to 8). 

The drilling equipment is now ready to be placed on the work point. 

4.4. Bonding strain gage rosette s and wiring cables  

Bonding the strain gage rosettes and wiring of cables and setting of amplifiers must 
be performed according to the procedures indicated by the manufacturers. 

Since the quality of measurement depends on the correct use of the strain gages, 
these procedures must be carried out by expert personnel. Bonding the strain gage 
rosettes may also be done by personnel other than the operator. 
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4.5. Setting test parameters  

From the main menu program ñResidual Stress Measurement Systemò, select ñTest 
Setup" (§ 3.1). A new panel will appear, to be used for entering data on the test to be 
performed. 

¶ number and distribution of drilling steps (Step Setting - § 3.2.1 and 3.2.2-) 

¶ indication of type of strain rosette utilized (Strain Gage Setting - § 3.2.3-) 

¶ characteristics of material (Material Type - § 3.2.4-) 

¶ instrument setting (Instrument Setting - § 3.2.5-) 

¶ general data (General Data Setting - § 3.2.6-) 

4.5.1. Setting sensitivity of strain gage amplifiers  

(only when utilizing analog amplifier ) 

An example may serve as clarification. Suppose that the instrument has been set as 
follows: 

- half bridge transducer 

- strain gage bridge power supply 5 Volts 

- input sensitivity 1 mV/V 

- digital display range 2000 

When the calibration key is pressed, the display (if it has been correctly calibrated) 
will indicate 2000 and the output voltage will be 10 volts. With this setting the 

indication will be given directly in mm/m if the gage factor K of the strain gages is = 2; 
in fact, for the 1/4 bridge configuration we have: 

e = (4/n*k)*DV/V 

where n=number of active elements (in our case=1) and K=gage factor of strain 
gage (we have assumed that k=2) 

therefore, since the calibration signal is 1 mV/V 

e =2*0.001 V/V=0.002*10
6
=2000 mm/m 

Consequently, an output signal of 5 volts corresponds to 1000 mm/m 

If we set a sensitivity of 0.5 mV/V, 5 volts on output will correspond to 500 micro-
strains, and so on. We should therefore select a suitable range by evaluating 
approximately the size of the strain signal and should keep this range for the entire 
duration of the measurement. 
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In any case, the precision of the A/D converter on the card is such as to guarantee a 
resolution of 1 micro-strain in the worst of cases. 

 

 

 

4.6. Inserting or replacing the end mill  

 

 

To change the end mill, proceed as follows: 

1. Rotate the turbine support, acting on the revolver knob, ensuring that the 
vertical motion slide is securely locked in place(Fig. 4.4a). 

NOTE: The card is protected for signals up to ± 45 volts, so that no risk is 
involved if the input range of 10 Volts is exceeded. 

For more detailed information refer to the card manual. 

The I/O card utilized is characterized by an input range of +/- 10 
volts while the strain gage signal amplifiers can furnish a maximum 
output signal of +/- 10 volts. For this reason it is advisable to set the 
sensitivity of the instrument so that it does not exceed the input 
range of the card. 

The end mill must be replaced when the turbine is stopped and 
the equipment is not operating. While this procedure is being 
carried out, do not start the turbine under any circumstances. 

WARNING: 

NOTE: It is recommended that the end mill be replaced after drilling each 
hole and before positioning the device. 
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Fig 4.4a 

2. Unscrew and remove the threaded plug on the top of the turbine casing which 
gives access to the rear of the turbine (Fig. 4.4b). 

 

Fig 4.4b 

3. Holding the spindle securely with the special wrench, slightly loosen the chuck 
with the tool supplied with the system (Fig 4.4c). 
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Fig 4.4c 

4. Manually insert the new end mill in the chuck and push it as far as it will go. 

 

Fig 4.4d 

5. Holding the spindle in place with the special wrench supplied with the 
equipment, screw back and tighten the chuck, using the tool supplied. 
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6. Screw down the threaded plug on the top of the turbine casing. 

7. Put the support back in working position. 

4.7. Positioning the drilling device  

 

Positioning consists in: 

¶ determining the optimum position of the device in respect to the strain gage 
rosette 

¶ fixing the device in this position (with bond e.g. HBM-X60, if necessary, by 
protective feet due to the position) 

 

To position the device, proceed as follows: 

1. Bring the device to the point at which the hole is to be drilled so that the end mill 
is as nearly perpendicular to the surface to be drilled as possible. 

2. After having positioned the drilling device, check with the L-shaped square (n°1, 
Fig. 4.2). that the end mill is perpendicular to the drilling plane. If not, adjust the 
three threaded bars  until the end mill is perpendicular to the surface (n° 2, 
Fig.4.2). 

3. Ensure that all of the locking nuts are well tightened (n°2, Fig.4.2). 

4. Looking through the microscope, move the device so as to position the center of 
the reference cross as close as possible to the center of the strain rosette.  

5. When certain that centering is perfect, fix the drilling device to the work surface. 

 

NOTE: Any auxiliary support system for the drilling device must be realized 
ensuring that  the electrical isolation of the device from the surface to be 
drilled is retained. Otherwise, the automatic zero definition system would 
not work. 

 

This procedure must be carried out when the turbine is stopped and 
the equipment is not operating. During this procedure, do not start 
the turbine under any circumstances. 

WARNING: 

Positioning of the drilling equipment must be effected in such a 
manner that during this procedure and afterwards there is no risk of 
the device falling. For this reason, wherever there is risk of falling 
exists endangering the personal safety of operators and personnel in 
general, the device must be fixed with a safety rope. 
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4.8. Centering and zero -setting dial gages  

1. By adjusting the motion along the two axes, X and Y (n° 14, Fig.1.2) 
perpendicular to the axis of the end mill, center the reference cross in the 
microscope with the strain gage references. This procedure must be carried out 
with maximum care, since the precision of hole centering depends on it. 

2. Zero-set the dial gages of the X and Y axis, using their ring nuts (n°18 and 19 in 
Fig. 1.2) 

 

4.9. Zero-setting strain gages  

Zero-setting of strain gages must be effected during setup of the instrument 
(Instrument Setting, Fig. 3.5) using the window which controls the selected 
instrument (e.g., the panel in Fig. 3.9 if HBM-MGC has been selected). 

On the same window, verify zero-setting of the strain gage channels by selecting 
ñSINGLE READò. If the values deviate significantly from zero, reset zero on the strain 
gage unit. 

By hitting the button ñTARE BALANCEò, it is possible to effect zero measurement 
and store the values to define an offset. Zero measurement can be repeated more 
than once. 

Before drilling the hole, the program (Test Manager, Fig. 3.14) asks the operator to 
confirm zero-setting of the strain gages (by pressing Tare Balance again). 

4.10. Determining zero measurement  

Before drilling the hole, it will be necessary to position the end mill at the zero point. 
This is defined as the point where contact occurs between the tool and the metal. 

A system has been devised for signalling the precise moment at which the end mill 
actually touches the metal surface to be drilled. This is done by measuring the 
electrical resistance between the metal surface and the end mill, made possible by 
the fact that the three supporting feet are electrically insulated. 

The steps to be carried out are the following: 

1. Connecting the appropriate cable: on the BNC connector side, to input contact 
on the rear panel of the electronic device (n° 2 Fig.1.5); on the terminals end, 
one terminal will be fixed to the metal working surface, ensuring that good 

NOTE: If erroneous positioning of the device makes it impossible to effect 
correct centering, even by utilizing the entire travel of the two slides, it 
will be necessary to reposition the device 
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electrical contact takes place (clean with abrasive paper and degrease); the 
other terminal will be fastened to the device (Fig. 4.5). 

 

Fig 4.5 

2. Using fast feed, bring the end mill in proximity to the surface. The end mill should 
be brought as close as possible to the surface, ensuring that there is no contact. 
Lock the slide in place. 

3. With the ñPositioning Controlò panel, (§ 3.1, Fig. 3.2), select "POSITIONING 
END MILL ON SURFACEò to start the automatic zero-setting procedure. 

4- When the end mill touches the working surface, the feed stops and a message 
appears on the panel, ñWarning! Current position is assumed as reference for 
the hole depthò. Use the ñEXITò key to exit (Fig. 3.12). 

 

At this point actual drilling of the hole begins. 

NOTE: Determination of the zero-setting dimensions is crucially important for 
correct execution of the drilling steps, and, in final analysis, for correct 
measurement of residual stresses. Since the fact that the device is 
electrically insulated through the feet is considered, any operation 
which diminishes this insulation will prevent the correct execution of 
zero definition, and thus correct execution of the test 






























