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NOTICES

Use and Copying of H-DRILL and Documentation

Program H-DRILL and associated documentation are provided under a license
agreement. They may only be copied and used in accordance with the terms of the license
agreement. It is againg copyright laws to use the program or documentation in a way not
permitted by the license agreement or to copy the program or documentation in any way except
for archiva or backup purposes.

Disclaimer of Liability

The author makes no expressed or implied waranty of any kind with regard to
computer program H-DRILL or any associated documentation. The information provided by the
computer program should not be relied upon for any purpose without competent, professiond
examinaion and veification of its auitability by a licensed Professond Engineer.  This
examingion should indude identification and understanding of any limitations of the program
that may creste adverse effects In no event shdl the author be liable for incidenta or
consequentid damages in connection with, or arisng out of, the furnishing, performance or use
of program H-DRILL or any associated documentation.

The author requests to be informed of any suspected incorrect operation of H-DRILL.
He aso welcomes any suggestions for improvements to the program.

Calibration Coefficients used by H-DRILL

The cdibration coefficients a and b used by H-DRILL v.2+ conform to the vaues given
in ASTM Standard Test Method E837-99. Thee vdues differ dightly from those given in
ealier editions of E837, in previous versons of H-DRILL, and in other publications [8]. The
new coefficients are based on the detalled geometry of the individud grids in the various drain
gage rosettes [9].  Previous vaues of the coefficients were determined by uniform drain
averaging over the area of each dran gage. The new cdibration coefficients should be more
accurate than the previous values because they derive from more redisic physca modding.
Typicdly, the new vaues are dout 1-2% higher than the previous coefficients, 45% in extreme
cases. Thus, H-DRILL v.2+ gives caculated resdud stresses about 1-2% lower than previous
versons of the program or other calculations based on previous ASTM coefficients.
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1. OVERVIEW

1.1 Program Description

H-DRILL is an interactive computer program that caculates resdua stresses from drain
measurements made by the hole-drilling method [1,2]. It does this caculaion in two ways, the
fird assuming that the measured data are "exact”, and the second dlowing for the effects of
experimentd error in the measured data. In the latter case, the program caculates the range that
has a 90% probability of containing the actud stresses.

H-DRILL uses a pull-down menu sysem to accept hole-drilling data in ether US
cusomary or metric units. ' You may easly make additions or corrections to the data at any time.
H-DRILL can dso save the data to a file for subsequent retrievd and reuse. The program
cdculates uniform and non-uniform resdua dresses a the hole location.  You can display the
caculated dresses ether in numerica or graphicd form, or save the reaults in a file. H-DRILL
ads dlows you to indude drain data smoothing to reduce the effects of random measurement
errors.

1.2 Program Application Range

H-DRILL follows the basic caculation procedures described in ASTM Standard Test
Method E837-99 [1], with extensons for nonruniform residuad dress caculations. H-DRILL’S
cdculations apply to the following test conditions:

Hole-drilling rosette types specified in E837-99
Specimen width greater than 3 times the rosette mean diameter
Specimen thickness greater than 1.2 times the rosette mean diameter
Residud stresses smdler than 50% of the materid yied stress
Resdua dtress calculation accuracy deteriorates when the test conditions do not conform

to the above specifications. H-DRILL does not check to confirm that these geometricd or
meaterid limitations have been met.

1.3 System Requirements

IBM PC computer or compatible.
Windows 95, NT or above.



1.4 Hole-Drilling Residual Stress Calculations

The hole-drilling method is a convenient and effective method for measuring resdud
dresses. The basic principle was first proposed by Mathar in 1934 [3]. Since that time, many
rescarchers have further developed the method, culminging in the edablishiment of a
standardized procedure ASTM  E837 [1].

The origind and most common objective of hole-drilling messurements is to evduae
in-plane resdua sresses that can be assumed to be uniform either with depth from the surface of
a thick specimen, or through the thickness of a thin specimen. ASTM Standard Procedure E837
refers to these cases.  In the “Through-Thickness’ and “Uniform Stresses’ options, H-DRILL
followsthe ASTM procedures.

In many cases, resdua stresses are not uniform with depth from the specimen surface.
For example, a shot-peened materid has high compressive sresses close to the surface, with
much smdler tensle dresses in the interior. For such cases, the uniform dress assumption is not
reasonable or useful. For a thick specimen, ASTM Standard Procedure E837 includes a test for
the uniformity of the resdua sresses being measured. The methods specified in E837 can only
be used if the resdud stresses have been confirmed to be uniform.

Over the years, severd mathematicd methods have been developed for cdculating norn-
uniform resdud dresses in thick maerids from hole-drilling measurements.  These methods
seek to identify the interior resdua stresses by conddering the evolution of the strains measured
as the depth of the drilled hole is gradudly incressed. Because the Srain measurements are
made from drain gages atached to the specimen surface, the greatest sengtivity is to the resdud
stresses close to the surface.  Sengtivity rapidly reduces with depth. At depths beyond about half
the mean diameter of the hole-drilling rosette, sengtivity to the interior Stresses completey
disappears.

This dress sengdtivity variaion makes it difficult to evduate interior dresses reiably.
Smdl erors in experimenta measurements can cause much larger erors in caculated resdud
dresses This is a fundamenta physcd limitation of the hole-drilling method, not a
mathematicd artifact of any given dress cdculation method. The various mathematicad methods
use different gpproaches to minimize the adverse effects of experimental errors. However, they
dl have to face the same trade-off between spatia resolution and stress uncertainty.  If good
goatid resolution of the variation of resdua dtresses with depth is required, there will be
subgtantia noise and uncertainty in the individud dress vdues. On the other hand, if low
sengtivity to experimentd errorsis required, spatia resolution has to be sacrificed.

The three dress cdculation methods used by H-DRILL span the range between low
sengtivity to experimenta errors and high spatid resolution of cdculated resdud dresses. The
three choices are:



Uniform Stress Method.  This is the method specified in ASTM 837. It assumes that the
resdud dresses are uniform with depth from the specimen surface.  Thus, the method
has no gpatia resolution a dl. However, when the measured resdua dresses are
actudly uniform, this is the method of choice because it is the leest sengdtive to the
effects of experimentd errors.

Power Series Method. This is a middle choice. It provides a limited amount of spatid
reolution by assuming that the resduad dresses vay linearly with depth from the
gpecimen surface.  The method is more sengtive to the effects of experimenta errors than
the Uniform Stress Method, but is a good choice when the measured resdua stresses
vary smoothly with depth.

Integrd Method. This method provides a separate evaduation of residua stress within
eech increment of depth used during the hole-drilling messurements.  Thus, the spatid
resolution is the highest of the three cdculaiion methods. This is the method of choice
when measuring repidly varying resdud dresses.  However, the sengtivity of the
cdculated sresses to smdl experimentd errors is dso the most severe.  The problem
rapidly deteriorates if an atempt is made to increase spatid resolution by usng many
amdl hole-depth increments.

The resdua dresses cadculated by H-DRILL reflect the experimentd error sengtivity of
the calculation method chosen. The program can estimate the expected range that has a 90%
probability of containing the actud dresses. This caculation is based on user-supplied estimates
of the likdy errors in the various measured quantities. The 90% probability bounds are redistic
providing the supplied estimates of the measurement errors are redigtic, and that an appropriate
cdculaion method is chosen.

Sengdtivity to random experimenta errors can be reduced by dran data smoothing.
H-DRILL provides a method for including such smoothing. However, it must be noted that
smoothing aso digorts the data and can lead to computationa artifacts. Thus, smoothing should
be done with caution, and kept to an absolute minimum. Smoothing has the largest effect on the
Integra Method, and the least on the Uniform Stress Method.

In generd, the nature of the resdud dresses being measured is not known in advance.
Thus, the choice of cdcuation method or the amount of smoothing to be used is difficult to
predict. A good drategy is to try al three methods in reverse order (Integra, Power Series, and
Uniform Stress) with zero smoothing. Good engineering judgment, combined with a knowledge
of the stresses expected, should then be used to choose the most gppropriate calculation method
and amount of smoothing for the given experimentd data Similar engineering judgment is dso
essentid when interpreting the meaning and reiability of the results obtained.



2. USING H-DRILL

2.1 Getting Started

The digribution disk contans the man program, the User's Manud in Word format
(.doc) and in Portable Document Format (.pdf), and five demondration data files. The files are
packed into a sf-extracting file “hd20setup.exe’, asfollows.

H-Drill.exe H-DRILL program

H-Drill.doc User's Manud in Word format

H-Drill.pdf User’s Manud in Portable Document Format
Demo0.dat Demondration through-hole data

Demol.dat Rendler and Vigness data[4] in US cusomary units
Demo2.dat Rendler and Vigness data [4] in metric units
Demo3.dat Demondtration deta for linearly varying stresses
Demo4.dat Demondtration data for reversing stresses

To inddl H-DRILL on your hard disk, put the distribution dsk into your CD drive, and
click the “Start” button (lower left of the screen window). Then dick “Run...”, “Browse...”
and the tab of the “Look in:” box. Sedect the CD drive and then double-click “hd20setup.exe’.
The H-DRILL files will then be copied to the hard disk and folder of your choice. (The folder
will be created if it does not dready exist.) Click a upper right corner to close the Ingdl
window.

To sart H-DRILL, open the folder containing the program, and double-click
its icon. The icon schematicaly represents a hole-drilling rosette, and looks like this ..
If you will be usng H-DRILL often, right-click H-Drill.exe, click “Create Shortcut”
and then drag the shortcut icon to your desktop.

H-DRILL can accept optiond command line parameters to dter the way it darts.  Section
5.1 describes how to make H-DRILL dsart with a specified screen resolution.  That section aso
describes how to make H-DRILL automaticaly read data files and do specified caculations.
The required command line parameters can be added to the shortcut icon. See Section 5.1 for
further detalls.



When darting for the firg time, H-DRILL displays the following didog requesing some
regidration details.

H - DRILL Registration Menu

Compary Mame I

Serial Mumber I

Enter serial number as  moo=oo-x 0] Exit

Please enter your company name and the serid number printed on the disk envelope. The
format of the serid number is xxxx-xxxx-xxxx where “x” are digits. Click “OK” when ready.

Regidration is required only on the firda use of H-DRILL a&fter indalation.
Subsequently, on dart-up, H-DRILL immediady displays its title window and pull-down menu
options. The display appears asfollows:

P H-Drill
Eil=  Through-Hole  Elind-Hole  Graphics  Window  Help

+H-DRILL

Hole-Drilling Residual Stress C

Version 2.20, Schajer, 2001,
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2.2 Using the File Menu

The “Filé’ menu in the main window enables you to create, open, save and print your
hale-drilling data, and to exit the program. The options are :

New...
Open...
Save
Save As...
Print...
Exit

2.2.1 Initializing H-DRILL for New Data

Before gtarting work with a new set of data, H-DRILL needs to be initidized so that it
darts with zero data  Since this initidization erases any exising data, the previoudy specified
data should first be saved using the “Save’ or “Save AS’ options. See Section 2.2.3 for details.
When ready, click “New...” and the following didog is displayed:

NEW |
Choose
the units & Inches
far a FIE = hetric
calculation
"""""""""" 0 K Cancel

Click “Inches’ or “Metric’ and then “OK’ to choose the measurement system required
for the new cdculaion. Clicking “Cancd” returns to the man menu without maeking any
changes. Before proceeding, H-DRILL checks whether there are any unsaved data from a
previous caculation. If there are, H-DRILL diplays the following didog:

Confirmation |

@ Save existing data 7

Mo | Cancel |
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Clicking “Yes’ takes you to the “Save As..” didog, where you can specify the file name
for saving the exiding data. Clicking “No” dlows the initidization to proceed without saving
the exiding data Clicking “Cancd” aborts the initidization process and returns you to the man
menu without making any changes to the exidting data

NOTE 1. For user convenience, the materid properties are initidly set to correspond to a
typicd sted. These properties can be changed subsequently, as needed. See Section 2.3.1 for
details.

NOTE 22 When H-DRILL fird darts, it automaticdly initidizes with US cusomary units.  If
you wish to use these measurement units, it is not necessary to use “New...” before garting your
first cdculation. However, “New...” is required before al subsequent caculations, even if you
continue to use US customary units.

2.2.2 Opening an Existing Data File

Click “Open...” to read data previoudy saved in a filee. HDRILL displays the following
didog:

OPEN-Datafile  HEH|
Lookim | = H-Diil =l ®] e

Dermol.dat
Demol.dat
DemoZ. dat
Demo3. dat
Demod. dat

File name: I Open I
Files of type: [ Data files [ DAT) I Cancel |

If the required data file is displayed in the didog, click its name and then click “Open”.
Alternatively, just double-click the file name. The default file name is the input file name last
chosen (if any). If the file you require is in adifferent folder, click the ydlow up-arrow to move
up the directory tree. Double-click the displayed folder names to move down the directory tree.
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The “OPEN - Data Fileg' didog assumes that the required file name has an extenson
“DAT”. If your file has a different extensgon, click the “Files of type” window and then click
“All Fles (*.*)". Thediadog will then display dl files, not just those with “.DAT” extensons.

If you enter a file name that H-DRILL cannot find, the program displays the following
warning message. Click “OK” to clear the dialog.

OPEN - Data File ]|
Y004 DAT

File nat Found.
Pleasze verify the comrect file hame wasz given.

Data read from a file overwrites and replaces dl the data used in any previous
cdculation. H-DRILL checks whether any data have previoudy been entered or changed. [If <o,
the program asks fr a confirmation before proceeding to read new data from a file. Click “Yes’
if you wish to save the exising data HDRILL then displays the “SAVE - Data File€’ didog (see
Section 2.2.3). Click “No” if the existing data are not needed any longer, and can be erased.
Click “Cancd” to abort the process and return to the main window without making any changes.

Confirmation x| |
@ Save eristing data 7

Mo | Cancel |

After reading the data file, H-DRILL displays numerical and graphicad summaries of the
data. H-DRILL adjusts to the sysem of units used in the data file, either US customary or
Metric units. This specification of units supersedes any previous choice of units.

If H-DRILL encounters any unexpected formetting in the input data file, it digplays the
following warning:

Input Error |

& Check input data for ermors




13

Click “OK” to clear the dialog. Mogt likdy, the chosen file is not an H-DRILL data file
and does not contain vaid hole-drilling data. See Chapter 5 if you wish to prepare your own
datafiles outsde H-DRILL.

2.2.3 Saving Datain aFile

You can save dl exiding input data by dicking ether “Save’ or “Save As..” in the
“File’ menu. If you dlick “Save As...”, H-DRILL displaysthefollowing didog :

SAVE - Data File HE|

Save in; IBH'D“" j ﬁl

Demol.dat
Demol. dat
Demo2. dat
Demo3. dat
Demod. dat

File name: I Save

Save as type: IData files [*.DAT] j Cancel |

This didog operates in the same way as the “READ — Data File’ didog described in
Section 2.2.2. If you wish to create a rew file for your data, click the “File name’ box, type the
desred name and click “Save’. To prevent accidentd overwriting of any existing data,
H-DRILL firg checks to see if the specified file dready exigs. If it finds an exiging file of the
same name, it displays the following didlog :

SAVE - Data File =l

C:% H-Drillvees. dat already exists.
Do pou want ko replace it?
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Clicking “Yes’ replaces the data in the file with the current data in HDRILL. Clicking
“No” returns you to the “SAVE — Daa Fl€' didog so tha you can change your file name
choice.

If you wish to update a file that is dready open, click “Save’ indead of “Save As...".
This updates the data in the file used in the last “Open...” or “Save AS’ action, whichever was the
more recent. It isnot necessary to close afile after use. H-DRILL doesthis automaticaly.

2.2.4 Printing

The currently displayed text or grgph can be printed by first cdlicking any pat of the
desred window. This action sdects the chosen window, causng the heading to appear in blue
and dl other (non-selected) windows to have gray headings. Click “Print...” in the “Filé’ menu
to open the Windows system “Print Setup” menu. Click “OK” to start printing.

2.2.5 Exiting

When finishing work with H-DRILL, exit the program by dicking “Exit’ in the “File’
menu. If you have any data that have not yet been saved to a file, HDRILL asks whether you
wish to save these data before exiting.

Confirmation |

@ Save edisting data ?
Mo | Eancell

Clicking “Yes’ has the same effect as clicking “Save As..” in the “File¢’ menu, and
causes the “SAVE — Data File' didog to be displayed. Clicking “No” exits HDRILL without
saving thedata. Clicking “Cancd” returns you to the main window without any action.

NOTE: When finishing work with H-DRILL, it is good practice to exit by clicking “Exit” in the
“File’ menu. It is dso possble to exit the pogram by dicking Xl a the upper right corner of
the main window. However, this second method of exiting is not recommended because it closes
H-DRILL immediately, before the program has a chance to check for unsaved data. Thus, any
data that were not previoudy saved in afileusing “Save’ or “Save As...” are logt.
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2.3 Using the Through-Hole Menu

A “Through-Holg’ type of measurement is used when working with materids in the
shape of a thin plate or sheet. In this procedure, it is assumed that the resdud Stresses are the
same throughout the materid thickness. This assumption may or may not be vaid in practice
Neither ASTM E837-99 nor HDRILL provide any means of checking this point. If the uniform
dress assumption is vdid, then the Through-Hole cdculation method can be used for thin plates
or sheets where the materid thickness does not exceed 0.4 times the mean diameter of the hole-
drilling rosette that is used. Table 1 on the next page ligs the maximum acceptable materia
thickness for Through-Hole measurements with the five available hole-drilling rosette types.

The “Through-Hole’ menu in the main window engbles you to specify the data for a
Through-Hole residual stress measurement. The options are:

Specify Materid + Geometry ...
Specify Through-Hole Strains...
Display Stresses

Save Reallts...

2.3.1 Specifying Material and Geometry

This option alows you to enter details about the rosette type, specimen eagtic properties
and hole diameter. When this option is selected, H-DRILL displays the following diaog:

H-DRILL -- Material and Geometry D ata |
‘C'I
1]
~Raosette Type—— voung's Modulus, psi*1076 I a0.00
i 03 RE Froisson's Ratio I 0.300
i 62 RE Std. Modulus Errar, % I 0.0
i 128 RE Hole Diameter, in I 01000
062 UM Std. Diameter Error, in | 0.0000
030 RR
] Cancel |
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The cursor darts in the first data box, "Data Title'. This box is avallable to store a short
decription in your own words to identify the current caculation. H-DRILL will indude this
description inits caculated results and its datafiles. 'Y ou may use up to 50 characters.

You can use the Tab key to move the cursor sequentialy to al the data boxes and
buttons. Alternatively, you can use the mouse to reach any box or button directly.

You can select the rosette type from among five options by clicking the buttons or rosette
names. These five rosette types correspond to those specified in ASTM E837-99. The names
correspond to their product numbers in the catdog published by Measurements Group, Inc.,
Rdeigh, NC. The RE rosettes correspond to the “Type A” design in ASTM E837-99, the UM
rosette correspondsto “ Type B”, and the RR rosette corresponds to “Type C”.

You can enter the vaues for the data required in the boxes on the right side of the diadog
by clicking the boxes and entering the numeric data. The range of hole diameters accepted by
H-DRILL follows the ranges specified in ASTM E837-99. Table 1 summarizes the acceptable
hole diameter ranges.

Rosette Type Max. Thickness Min. Hole Diameter | Max. Hole Diameter
031 RE 0.040" (1.01mm) 0.024” (0.61mm) 0.040" (1.01mm)
062 RE 0.081" (2.05mm) 0.060" (1.52mm) 0.100" (2.54mm)
125 RE 0.162" (4.10mm) 0.132" (3.35mm) 0.220" (5.59mm)
062 UM 0.080" (2.02mm) 0.060" (1.52mm) 0.100" (2.54mm)
030 RR 0.068" (1.73mm) 0.060" (1.52mm) 0.100" (2.54mm)

Tablel. Acceptable rangesfor materia thickness and hole diameter
for Through-Hole measurements. (Adapted from ASTM E837-99[1].)

The two "Std. Error" quantities in the Material and Geometry Data didog are optiond. If
gpecified, they represent your estimates of the standard deviation of the erors in the Young's
modulus and hole diameter values that you entered. If your estimates are based on a large
number of observations of measurement erors, the standard deviations equa the root mean
square errors.  H-DRILL uses the eror standard deviations when estimating the probability
bounds of the cdculated residua dresses, i.e, the bounds that have a 90% probability of
containing the actud resduad dresses. If you enter zero or accept the zero default for al "Std.
Error" quantities, H-DRILL omits estimating the probability bounds for the calculated stresses.
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Click “OK” when you have finished entering the materid property and geometry data
H-DRILL then checks the given data for consigency. This does not mean that dl data are
correct or sensible, only consstent. Thus, Young's Modulus should be greater than zero, and the
hole diameter should be smdler than the inner diameter of the strain gage rosette pattern, etc.  If
H-DRILL detects a data consstency error, it displays a message such as the following :

Message |

Hale Diameter = [1.8000
[t zhould not exceed 0.1000

In this case, a hole diameter of 0.8 inches was entered by mistake, instead of 0.08 inches.
H-DRILL detected thet the hole diameter should not exceed 0.100 inches for a 062 RE rosette,
and gave the warning message. Click “OK” to erase the message. HDRILL then returns to the
“Materid and Geometry Data’ dialog, and allows you to adjust the given data. Click “OK” in
the “Materia and Geometry Data’ diaog after completing your changes.

NOTE: Clicking the “Cancd” button in any didog causes H-DRILL to exit that particular
didog without doing or changing anything. However, in the case of a sequence of didogs, the
cancellation gpplies only to the last didog, and not to any of the previous didogs, including any
repetitions of the lagt didog. Thus, in the example above, the firgt click “OK” dtered the data
This change in data is not undone by subsequent clicking of the “Cancd” button after responding
to the error message.  For this reason, you should carefully check for possble changes in data
after using the “Cancd” button in any but the first didog of a sequence.
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2.3.2 Specifying Strains

This option dlows you to enter measured drain data  When this option is sdected,
H-DRILL displaysthefallowing didog:

H-DRILL -- Through-Hole Strain Data |

el e e3
Initial Strains, ue IE 1] 1]

Final Strains, ue I

0];8

Std Strain Ii
Errar, ue

Cancel

This didog dlows you to enter the measured drain data  The firg line accepts the initid
grains measured before a hole is drilled. The second line accepts the final strains measured after
the hole is drilled. H-DRILL cdculates the difference between the two sets of strain readings,
and uses the resulting drain changes for its cdculations. Thus, pefect initid bdancing of each
drain gage bridge is not necessary. However, you should try to avoid having subgtantia initia
drains because they can hinder persond interpretation of the measurements, and thereby obscure
potentia errors.

Use the "Std Strain Error” box to enter your estimate of the standard deviaion of the
erors in the given drain values.  If your estimate is based on a large number of observetions of
measurement errors, the standard deviation equas the root mean square error. H-DRILL uses
this vaue together with those for the modulus and hole diameter errors from the “Materid and
Geometry Dad’ didog when edimating the probability bounds of the cdculated resdud
dresses. These bounds have a 90% probability of containing the actua resdud sresses. If you
do not enter any "Std Error" quantity, H-DRILL omits estimating the probability bounds for the
calculated stresses.

Click “OK” to accept your given data. H-DRILL can only do minimd consgency
checking because a wide range of drain vaues is potentidly acceptable.  Alternatively, click
“Cancd” to abandon your given data and to return to the main menu without making any
changes.



If H-DRILL finds no errors, it summarizes the input deta as follows.

i Measured Data -- Through-Hole Residual Strezss Measurement =] =2

H-DRILL RE3IDUAL 3TRE33 CALCULATION & ————-

Through-Hole Residual Stress Measurement

Rosette type
Toung's modulus
Poisson's ratio

3td modulus error
3td strain error

Initial
Final

—-—— Strains

=8
ue

]
—Z58

22
ue

-111

= 082 RE

207.0 GPa
0.300

Through-Hole

Fosette mean diameter =

Hole diameter

3td diameter error

5.13 nmn
Z2.000 mmn

0.0Z0 mmn

19
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2.3.3 Calculating Through-Hole Stresses

The “Display Stresses’ option caculates and displays the resdud stresses corresponding
to the measured drain data for a through-hole measurement.  This caculation is gppropriate for
the case when the materid thickness is less than the maximum vaues indicated in Table 1, and
where the in-plane dresses are uniform through the materid thickness. H-DRILL cdculates the
resdua stresses using the ASTM E837-99 procedure and displays the results in numerical form.

i Calculated Stress -- Through-Hole Residual S5trezs Measurement M= &=
H-DRILL RESIDUAL STRESS CALCULATION @ ————- Through-Hole ﬂ
Through-Hole Residual 3tress Measurement
Rosette type = D62 RE Fosette wean diameter = 5.13 nmn
Toung's modulus = Z07.0 GPa Hole diameter = Z.000 nmn
Poisson's ratio = 0.300
3cd modulus error = 2.0 3 3td diawmeter error = 0.0Z0 nmn
3td strain error = 3 ue
beta = angle gage 1 clockwise to Smax
--- 3trains --- 50% -—-—--—--——————————— Atresgses ——--—--——-————————
Depth el e ed prob. Smax Smin Troax beta 31 33 T13
pitiny] ue ue ue hbound MPa MPa MPa deg MPa MPa MPa
Inicial ) ) 0
max 212 35 3 -1 212 3k 3
Final -2%5 -111 Th Z0z2 31 g6 o Z0z2 31
min 153 26 TS 1 152 26 -3
-
Al M

The example results are from file DemoO.dat. The upper part of the display summarizes
the rosette and materia property input data. The lower part of the display lists the measured
drain data and the calculated residual stresses.

Smax ad Spin are the two principa stresses, and Beta is the angle measured clockwise
from the direction of gage 1 to the direction of the maximum (mogt tensle) principd stress Shax.
Tmax 1S the maximum shear dress that is present. It acts in the directions midway between the
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two principd directions. S; is the axia dress in the direction of gage 1, S is the axid dress in
the direction of gage 3, and T3 isthein-plane shear sressin directions of gages 1 and 3.

The middle of the three lines of dress results gives the caculated sresses corresponding
to the given (smoothed) drain data  The lines labded "max" and "min" specify the dress range
that has a 90% probability of containing the actuad resdua dresses [7].  This probability
edimate is vaid providing the exiding resdua dresses actudly are uniform and the specified
eror sandard deviations are redigic. If the exising resdud sresses actudly are non-uniform,
the "min" and "max" results are not vdid, and may not contain the actud dresses a the 90%
probability level. The size of the probable stress range depends on the standard deviations of the
various posshble measurement erors.  Small measurement errors give narrower probable siress
ranges.

NOTE 1. In gened, the maximum shear dress, Tmax, NUMericaly equas hdf the difference of
the two principal stresses Snax and Snin.  However, this relationship does not hold for the stress
vaues a the “max” and “min” probability bounds. This behavior occurs because Tnax IS defined
as a pogtive number, while the sgn d the difference of Shax and Syin can change. Thus, on the
“max” and “min” lines, Thax has a minimum vaue of zero, and a maximum that accounts for the
combination of the individua probability ranges of the two principd stresses Snax and Smin.

NOTE 2 Although they ae conceptudly dmilar, “Through-Hole’ and “Blind-Hol€’
measurements require different calculation procedures. The options in the “Through-Hole’ and
“Blind-Hole” menus ae therefore not interchangesble. All  work with through-hole
measurements should be done using the “Through-Hole® menu, and al work with blind-hole
measurements should be done usng the “Blind-Hole” menu. H-DRILL displays appropriate
warning messagesif the options within the two menus are mixed.
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2.3.4 Saving Resultsin aFile

The “Save Reaults’ option does the same calculation as the “Display Stresses’ option, but
with the results saved in a file indead of being displayed on the screen. H-DRILL digplays a
didog to ask for the name of the resultsfile:

SAVE - Results File |

Save jn; IaH'Dfi" j ﬁl

File name: I Save I
Save az type: IEIutput files [*.0T] j Cancel |
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2.4 Using the Blind-Hole Menu

A “Blind-Hole’ type of measurement is used when working with materids that are thick
compared with the rosette sze. The materid thickness should exceed 1.2 times the mean
dianeter of the hole-drilling rosette that is used. Table 2 ligs the minimum acceptable materia
thickness for Blind-Hole measurements with the five available hole-drilling rosette types.

The “Blind-Hole’ menu in the main window enables you to specify the data for a Blind-
Hole resdua stress measurement. The options are:

Specify Materid + Geometry...
Specify Strains...

Digplay Uniform Stresses
Save Realts...

Digplay Power Series

Save Reallts...

Display Integra Method

Save Reaullts...

2.4.1 Specifying Material and Geometry

This option dlows you to enter details about the rosette type, specimen dastic properties
and hole diameter. When this option is sdected, HDRILL digplays the same didog as shown in
Section 2.3.1. The procedure for data entry is the same as described in Section 2.3.1, except that
the acceptable specimen thickness is governed by Table 2 rather than Table 1.

Rosette Type Min. Thickness Min. Hole Diameter | Max. Hole Diameter
031 RE 0.121” (3.08mm) 0.024” (0.61mm) 0.040" (1.01mm)
062 RE 0.242" (6.16mm) 0.060" (1.52mm) 0.100" (2.54mm)
125 RE 0485 (12.3mm) 0.132" (3.35mm) 0.220" (5.59mm)
062 UM 0.242" (6.16mm) 0.060" (1.52mm) 0.100" (2.54mm)
030 RR 0.204” (5.18mm) 0.060" (1.52mm) 0.100" (2.54mm)

Table2. Acceptable ranges for materia thickness and hole diameter
for Blind-Hole measurements. (Adapted from ASTM E837-99 [1].)
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2.4.2 Specifying Strains

This option dlows you to enter measured strain data  When this option is sdected,
H-DRILL displaysthefallowing didog:

H-DRILL -- Blind-Hole Strain Data |
TR R %R EawP
1n_ Iu.nnun IE In Iu Smf;l'jstm; T
' otd Depth
2 | | not in 170000
3 | | o :|

Cro
* I I I I Strain
5. | | Daie
6. | | -
2 .. —
5. | |
g I I I I Cancel

H-DRILL enables you to enter measured relieved srain data for up to 25 hole depth
increments.  Because of space limitations, the “Blind-Hole Strain Data’ didog only displays the
data for ten hole depths. The data for the other hole depths can be displayed and changed by
dragging the “ Scroll Strain Data’ dider up or down as needed.

The “Blind-Hole Strain Data’ didog includes an additiona "basdineg" set of dran data to
record the indicated strains before hole drilling commences (Depth = .0000). For its internd
cdculations, H-DRILL subtracts these basdine dtrains from dl the other measured srains. Thus,
perfect initid baancing of each strain gage bridge is not necessary. However, you should try to
avoid having substantid basdine offset strains because they can hinder persond interpretation of
the measurements, and thereby obscure potentid errors.

Rdieved dran daa entry is reatively free of redrictions. The man requirement is that
each set of three drains e;, e; and e3 must be correctly grouped with their hole depth vaue.
However, you may specify the sets of hole depth and associated strains in any order and on any
line. The hole depths need not be ascending order and there may be unused lines among the
gpecified datar However, the basdine set of Strains measured before you sarted hole drilling
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must appear on line 0. HDRILL reserves line O for this basdine s&t, and it does not alow you
to dter the zero hole depth specified on that line.

The fird two "Sd Error" quantities on the right are your estimates of the standard
devidions of the erors in the subsequent strain and hole depth vaues. If your edimates are
based on a large number of observations of measurement errors, the standard deviations equa
the root mean square errors. HDRILL uses these vaues together with those for the modulus and
hole diameter erors from the “Materid and Geometry Datd’ didog when estimating the
probability bounds of the caculated residual stresses. These bounds have a 90% probability of
containing the actud resdud dresses. If you enter zero or accept the zero default for dl "Sid
Error" quantities, H-DRILL omits estimating the probability bounds for the calculated stresses.

The "Strain Smocthing” is a percent factor that alows you to smooth the measured strain
data mahematicdly. You may wish to do this to reduce the effect of random dran
measurement errors on Integra Method dress calculations.  Strain smoothing has little effect on
Uniform Stress and Power Series dress calculations because these two methods implicitly
include subgtantia smoothing. If used, atypica Strain Smoothing is about 10%.

CAUTION: Use drain smoothing sparingly and only when needed. At the same time as
providing some desrable smoothing, the process dso dightly distorts the measured drain data
On exit from the "Strain Datd' menu, check the graph in the “Strains’ window to confirm that
the smoothing is reasonable. Adjust the amount of smoothing, if necessary.

Since the data entry format is reaivey free form, H-DRILL can do only minimd
consstency checking of the data.  Thus, be careful to ensure that the entered data are accurate.
The only checks HDRILL can make are to ensure that strains a a non-zero hole depth are not
identical to the basdine drains, and that the current hole depth is not the same as any other
specified hole depth. If you have specified a non-zero "Max Depth Error”, HDRILL considers
two hole depth specifications to be the same if the difference between them is less than two times
the "Max Depth Error". For this reason, be careful about making large increases to the "Max
Depth Error" after you have dready specified the hole depths. Previoudy acceptable hole depths
may then be identified as being too close to other hole depths and it may be difficult to find
acceptable depth vaues. In generd, you will have fewer than 25 sets of hole depth and rdieved
dran data When you have finished specifying the drain data, click “OK” to exit the didog.
H-DRILL then displays three windows summarizing the data you have specified, one in
numericd form, and two in graphicd form. The illudrations on the next pages show typicd
examples of these windows.
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i Hormalized Strain -- Rendler and Yigness Fig 13 data [US units)

190 Fendler and Vigness Fig.13 data (LS units)
. T | |

100+
E = g strain
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The “Materid and Geometry Datd’ window numericdly summarizes dl the given data
This window should be examined carefully to check for possible typing errors during data entry.
The “Measured Strain” window presents the drain data in graphicad form. The data points
indicate the specified drain data, and the solid lines indicate the smoothed strain values used for
the dress cdculation. Adjust the "Stran Smoothing” if the solid lines are unredigic.  When
"Strain Smoothing” is zero, the solid lines pass through each of the data points. The dashed lines
in the greph represent the cdculated srain vaues for the theoreticd case where the resdud
dresses are uniform with depth from the specimen surface.  The dashed and solid lines should
cdosdy coincide when the actud dresses are uniform with depth.  Any dgnificant devigion
indicates stress non-uniformity or measurement error.

The “Normdized Stran” window presents the given drain data in the normaized form
specified by ASTM E837-99. The upper, pde blue, line indicates the expected variation with
hole depth of the strain quantity p = €3 + e1)/2, expressed as a percentage of its value a hole
depth = 04 Do. The dze of the rosette mean diameter, Do, is liged in the “Materid and
Geometry Datd’ window. The lower line indicates the expected variation with hole depth of the
drain quantities q = (e3 —e1)/2 and t = (e3 — 2e, + e1)/2. The data points indicate the percentage
vaues of the gspecified drains.  If the principa drain directions are close to gage 1 and 3
directions, then drain quantity q is bigger than drain quantity t. In this case, the percentage
vaues of q are plotted in purple.  Alterndively, if a principd dtrain direction is close to gage 2
direction, then drain quantity t is bigger than drain quantity g In this case, the percentage
vaues of t are plotted in green.
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ASTM EB837-99 uses the normdized srain graph as a method for checking whether the
measured drains correspond to residua stresses that are uniform through the specimen depth.  If
the percentage dtrain points are “close’ to the expected curves, then the resdual stresses can be
assumed to be gpproximately uniform through the specimen depth.

NOTE: E837-99 does not specify how “closg’ the strain points should be to their corresponding
expected curves. A reasonable (but not officidly sanctioned) rule of thumb is to require that the
maximum deviaion of the strain points from the expected curves should be less than a quarter
the vertical distance between the two curves. It should be noted that this £t of resdud stress
uniformity is not a very sendgtive one. Even if the percentage drain points are “closg’ to the
expected curves, sgnificant resdud sress non-uniformity can dill exist [5]. The Power Series
and Integra methods (see Sections 2.4.4 and 2.4.5) provide more sensitive measures of residud
stress non-uniformity.

You may return to the relieved drain didog if you wish to modify the relieved dran
data. H-DRILL displays the previoudy specified data, sorted in order of increasing hole depth.
Any unused intermediate lines are diminated. The rdieved drain didog has some convenient
features to asss in manipulating the strain data.  You may permanently remove any line of drain
data by setting the associated hole depth to zero, even if the associated dtrains are non-zero.
H-DRILL erases the entire line after you click “OK”. An exception is line 0, containing the
basdline grains, which aways refers to a zero hole depth.

You may temporarily deectivate one or more lines of drain daa by specifying the
corresponding hole depths as negative vaues, eg., a depth of 0.1" would appear as -.1000.
H-DRILL dores the hole depth and strain data, but does not use them in its cdculations. You
may reactivate the drain data by respecifying the corresponding hole depth as its origind
postive vaue. Such data dere-activation can be ussful when doing dress cdculations by the
Integral method. In such cdculdaions, each line of drain data greetly influences the caculated
stresses.  Delre-activaion provides a convenient means of temporarily removing a line of dran
data when assessing the influence of particular Strain readings.
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2.4.3 Calculating Uniform Stresses

The “Display Uniform Stresses’ option cdculaies and displays the resdua stresses
corresponding to the measured drain data, assuming that the stresses are uniform with depth
from the specimen surface. Providing that there is at least one active strain data set, HDRILL
then digplays the following cascade of didogs showing the input data and the caculated stresses
in both numerica and graphica form.

+ H-Drill
File  Through-Hole  Blind-Haole  Graphicz  Window  Help

+Max Shear Stress -- Rendler and Yigness Fig.13 data [U5 unitg]

|

Allmn mim a5 i m e T e AT almkm Tl LT ik

[ I, 1 Tl m LT PP - e ¥ SR |

i Calculated Stress -- Rendler and Yigness Fig.13 data [US units) =] B2
H-DRILL EEZIDUAL STRESZ CALCULATION @ ———--—- UTniform Stresses

-

Fendler and Vigness Fig. 13 data (U2 units)

Rosette type = 062 RE Rosette mean dismmeter = 0.202 in
Foung's modulus = Z9.85 psi*i0*a Hole disgneter = 0.0610 in
Poisson's ratio = D0.282 3tress depth limit = 0.081 in
Std modulus error = 2.0 3 3td diameter error = 0.0010 in
Ztd strain error = Z ue 3cd depth error = 0.0005 in

heta = angle gage 1 clockwise to 3max

-—- Atrains --- 5S0% ——-——————————————— 3tresses ——————————————————
Depth el ez e3 prob. Smax Smin Tmax heta 31 33 T13
in ue us ue hound ksi k=i k=i deqg ksi ksi k=i
max 16.1 -0.3 g. 1 16.1 -0.3 -0.3
[} u} [} 15.1 -0.5 7. .
min 14.2 -0.5 7.

The top (visble) window in the cascade, “Cdculated Stress’, numericdly summarizes
the input data and the calculated uniform resduad dresses. Any data or results that extend
beyond the boundaries of the window can be scrolled up or down using the vertica scrollbar.
The example results are from file Demol.dat. The upper pat of the window summarizes the
rosette and material property input data, and the standard deviations of the four types of
measurement errors, if present. The lower part of the display lists the hole depth and measured
drain data, and gives the calculated residua stresses. HDRILL uses an averaging method [6] to
use dl the relieved drain daa, excluding those with hole depths specified as negative vaues.
Thus, only one set of caculated dress results appears, even though there are typicaly severd
sets of relieved gtrain data.
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Smax ad Spin are the two principal stresses, and Beta is the angle measured clockwise
from the direction of gage 1 to the direction of the maximum (most tensle) principa Stress Shax.
Tmax 1S the maximum shear dress that is present. It acts in the directions midway between the
two principd directions. S; is the axia dress in the direction of gage 1, S is the axid dress in
the direction of gage 3, and T3 isthein-plane shear sressin directions of gages 1 and 3.

The middle of the three lines of dress results gives the caculated stresses corresponding
to the given (smoothed) drain data  The lines labded "max" and "min" specify the dress range
that has a 90% probability of containing the actuad resdua dresses [7].  This probability
edimae is vaid providing the exiging resdud dresses actudly are uniform and the specified
eror standard deviations are redigic. If the exising resdud dsresses actudly are non-uniform,
the "min" and "max" results are not vdid, and may not contain the actud dresses a the 90%
probability level. The sze of the probable stress range depends on the standard deviations of the
four types of measurement erors. Smal measurement erors give narrower probable stress
ranges.

NOTE: In genead, the maximum shear dress, Thax, numenicdly equas hdf the difference of
the two principal stresses Snhax and Snin.  However, this relationship does not hold for the stress
vaues a the “max” and “min” probability bounds. This behavior occurs because Tnax IS defined
as a pogtive number, while the sign of te difference of Shax and Syin can change. Thus, on the
“max” and “min” lines, Thax has a minimum vaue of zero, and a maximum that accounts for the
combination of the individua probability ranges of the two principd stresses Snax and Smin.

In the display, the resdud dresses are labeled with a zero depth from the surface.
However, these results should be interpreted as weighted averages for the entire hole depth. The
weighting occurs because the stresses close to the surface have a much greater influence than
those a greaster depths. Thus, the displayed values mostly describe the stresses close to the
surface, with only minor contributions from the interior stresses.  Stresses deegper than the "Stress
depth limit" have dmog no effect on the rdieved strains.

Clicking any window brings it to the top of the cascade and makes it visble. Windows
“Measured Strain” and “Normalized Strain” display the same srain vs. depth graphs that are
shown after specifying drains using the “Specify Strains’ option (see Section 2.4.2). Windows
“Maximum Principd Stress’, “Minimum Principal Stress” and “Max Shear Stress’  display
graphs of caculated principal and maximum shear siresses vs. depth.  The window below shows
the maximum principal gress vs. depth graph.  The lines in the graph are horizonta because, by
definition, the “Uniform Stress’ caculation assumes that the dresses do not vary with depth
from the surface.
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i Max Principal Stress -- Hendler and Yigness Fig.13 data [US units]
"Uniform" Stress Fendler and Vigness Fig.13 data (LS units)
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NOTE 1. The “uniform dress’ cdculaion is only vdid when the sresses are uniform with
depth from the measured surface. The cdculation method does not itself provide an automatic
means of assessing dress uniformity.  The graphs displayed in windows “Messured Strain” and
“Normdized Stran” provide an agpproximate means of identifying stress non-uniformity.  If the
dashed lines in the graphs are very close to the measured drains, then the stresses are likely to be
reasonably uniform with depth. However, these graphica comparisons are not very sendtive
indicators of dress non-uniformity.  Stress uniformity can be assessed more rdiably usng the
Integral method (see Section 2.4.5).

NOTE 2 For uniform stress cdculations, it is best to use as many sets as possible of measured
drain data A large amount of data enables the averaging method to operate effectively and
minimize the effects of random errors. The data should be distributed approximately uniformly
throughout the hole depth.
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2.4.4 Calculating Non-uniform Stresses by the Power Series Method

The “Display Power Series’ option cdculates and displays the non-uniform resdud
sresses caculated usng the Power Series method [8]. Providing that there are at least two
active drain data sets, H-DRILL then displays a cascade of didogs showing the input data and
cdculated stresses in both numerica and graphical form.

+ H-Drill

File  Thiough-Hole  Blind-Hole  Graphics  Window  Help

iMax Shear Stress -- Rendler and Yigness Fig. 13 data [US units]

e

- Rendler and ¥ignesz Fi

LT S (LA I

Rendler and Vigness Fig.13 data (U3 units)

Rosette type = 06Z RE Rosetcte mean diawmeter = 0,202 in
Young's modulus = 29.85 psi*10*a Hole diameter = 0.0610 in
Poisson's ratio = D0.252 Stress depth limitc = 0.040 in
S3cd modulus error = 2.0 % 3td diameter error = 0,0010 in
3td strain error = 2 ue 3td depth error = 0.0005 in
heta = angle gage 1 clockwise to Smax

-—-- 3trains --- 508 - BLresses —-————————————————-—
DIepth el e e3 prob. Smax Smin Tmax beta 31 833 T13
in us ue us bound ksi k=i k=i deg k=i k=i k=i

17.8
14.5
1z.7

0.2
-2.8

max

win

The numericd display on top is smilar to that for uniform stresses, except that it includes
severd lines of dress results, caculated a the hole depth increments up to the "Stress Depth.”
These dresses can vay linearly with depth. If you specify non-zero measurement error standard
deviations, the numerica results dso incude lines labded "max" and "min" defining the dress
range that has a 90% probability of contaning the actual resdua stresses [7].  This probability
edimate is vaid providing the exising resdud dresses redly do vary linearly with depth and
the specified error standard deviaions are redidtic. If the exising residua stresses are actudly
nontlinear, the "max" and "min" results are not vdid, and may not contain the actual sresses at
the 90% probability leve. The sze of the probable dtress range depends on the standard
deviations of the four types of measurement errors. Smadl dandard errors give narrower
probable stress ranges.
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Click the windows “Max Principd Stress’, “Min Principd Stress’ and “Max Shear
Stress’ to view the profiles of these caculated resdua stresses. The diagram shows a typica
caculated stress profile,

i Max Principal Stress -- Hendler and Yigness Fig.13 data [US units]
Power Series Fendler and Yigness Fig.13 data (US units)
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The stress bounds have an X shape, with a minimum width a a point aout one third of
the maximum active drain depth from the surface.  The minimum width does not occur a the
halfway point because the measured drains are more sengdtive to stresses close to the surface
than to more remote stresses.

The width of the dress probability bounds for the Power Series method increases with
incressing depth from the surface and with decressng number of hole depth increments.
Because of this behavior, it is best to use many hole depth ncrements. The Power Series method
involves averaging, and a large amount of data endbles the method to minimize the effects of
random measurement erors.  This averaging behavior has a gmilar effect as drain daa
smoothing. Therefore, strain data smoothing has little additional effect on Power Series residud
dress caculations.



2.4.5 Calculating Non-uniform Stresses by the I ntegral Method

The “Digplay Integrd Method” option cdculates and displays the non-uniform residud
stresses caculated using the Integrd method [8]. Providing that there is at least one active drain
data set, H-DRILL displays the following cascade of didogs showing the input data and the
cdculated stresses in both numerica and graphical form.

+ H-Diill
File  Thiough-Hole  Blind-Hole  Graphics  Window  Help

+Max Shear Stress

-- Rendler and Yigness Fig.13 data [U5S units]

Rendler and Vigness Fig.1l3 data (U3 units)

Rosette type = D06Z RE Rosette mean diameter = 0,202 in
Young's wodulus = Z9.85 psi*i0o*a Hole dismeter = 0.0610 in
Poisson's ratio = D0.282 Ztress depth limit = 0.040 in
3td modulus error = 2.0 % 3td diameter error = 0.,0010 in
3td strain error = 2 ue 3td depth error = 0.0005 in

heta = angle gage 1 clockwise to Smax

—-—- 3trains --- 5S03% ———————————————— 3tresses ——————————————————
Depth =1 = =3 prob. Smax Smin Trnax heta 31 33 T13

in us ue ue bound ksi ksi ksi deg k=si k=i ksi
al

u} al

The diglay is dmilar to that for the Power Series method. However, here the specified
depths are typicdly midway between the hole depth increments. These vaues refer to the
stresses within each increment rather than at the find depth of that increment.

Click the windows “Max Principd Stress’, “Min Principd Stress’ and “Max Shear
Stress’ to view the profiles of these caculated residua dresses. The diagram on the next page
shows atypical caculated stress profile.
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i Max Principal Stress -- Hendler and Yigness Fig.13 data [US units]
Integral Method Fendler and Vigness Fig.13 data (LS units)

hE T T T = o
. P ki - A% limit
* 20 -
"
v 15 /\&\ - Calculated
.
-.m_. 10 —{ 90% limit
18]
Q.
O L -
£ 3
[
v 0
>< - 0 — —/— —
S

S —

| | | |
0.000 0.010 0.020 0.030 0.040
Depth from Surface, in

If you specify nonzero measurement error standard deviaions, the numerica results dso
include lines labded "min" and "max" defining the dress range that has a 90% probability of
contaning the actud resdud dresses [7].  This probability estimate is vdid providing the
specified error standard deviations are redidtic.

NOTE: The format of the above resdud dress vs. depth greph differs from that used by
previous versons of H-DRILL. When usng the Integrad method, the assumption is made that
the dress within each hole depth increment is uniform. Thus, one way of drawing the resdud
gress vs. depth graph is as a series of steps corresponding to the stresses within each of the hole
depth increments.  This format, which is illustrated below left, was the one previoudy used.
However, in cases where the steps are very irregular, the lines on the graph can overlgp and
become difficult to read. To provide a clearer presentation, the graphical format has been
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changed to the doping lines shown above. Typicdly, these lines pass through the midpoints of
each hole depth increment. To maintain sress equilibrium, the lines pass through the one-third
points of the firda and last hole depth incrementss The numericad results in the “Cdculated
Stresses’ dialog, and the points in the dress graphs, refer to the mid-depths or one-third depths,
as gopropriate.  The graph at the right sSide overlays the two formats to illustrate the relaionship
between them.

The width of the dress probability bounds for the Integrd method increases with
increasing depth from the surface and with decreasing hole depth increment thickness. Because
of this behavior, it is best to use only a few hole depth increments, say just four or five. It is dso
desirable to increase he width of the depth increments with depth from the surface.  If necessary,
some gtrain data can be deactivated by setting their hole depths as negative vaues.

Alternatively, you can try drain smoothing to hep reduce the scetter in the caculated
sress vaues and the size of the associated dress probability bounds.  Such smoothing is most
useful when there are more than five hole depth increments.  However, you should be careful to
control the amount of smoothing so that you do not distort the strain data unredigticaly.

NOTE 1. The hole-drilling method is mostly sendtive to resdua stresses close to the measured
aurface.  Consequently, the method has only modest capabilities for identifying interior residud
dresses. The Integra method has the greatest capability to resolve fine detall.  However, it is
serioudy influenced by strain messurement errors. The Power Series method is less influenced
by strain measurement errors, but cannot resolve fine detall.  Even the Power Series method may
not dways be reiable.  Irrespective of the dress caculation technique used, meticulous
expaimental technique is essential to reduce the influence of srain mesasurement errors and
dlow usful reddud dress cdculaions.  Enginesring judgment should aways be used to
confirm that the calculated resdud stresses are sensible.

NOTE 2. Because of the sengtivity of the hole drilling method to resdua sresses close to the
aurface, the Integrad method is limited to dress cdculations for depths within 0.20 of the rosette
mean diameter. This active range is the same as for the Power Series method. In the example
case, the dress depth limit is 0.040". H-DRILL omits strain data for greeter hole depths in its
caculations, aswell as hole depths specified as negative vaues,

2.4.6 Saving Resultsin aFile

The three “Save Reaults’ options in the “Blind-Holeé’” menu do the same caculations as
the adjacent dress cdculation options, but with the results saved in a file indead of being
displayed on the screen. See Section 2.3.4 for further details.
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2.5 Using the Graphics Menu

The “Graphics’ menu in the main window dlows you to dter the screen resolution
H-DRILL usesto digplay graphics. The optionsare:

640 x 480 Screen
800 x 600 Screen
1024 x 728 Screen
1280 x 1024 Screen

2.5.1 Setting the Screen Resolution

The four options in the “Graphics® menu dlow you to specify the area of the screen that
H-DRILL occupies. On gart-up, HDRILL detects the resolution of your computer screen, and
adjugs the gze of the main frame to fill the entire avalable aea  You may wish to confine
H-DRILL to a smdler area of your screen, for example to leave other gpplications visble. The
screen resolution options provide that capability. It may sometimes happen that HDRILL does
not correctly identify the resolution of your screen. The screen resolution options can be used to
make the needed adjusment. If you need to use the screen resolution options on a regular basis,
you may indead consider sarting H-DRILL with command line parameters. See Section 5.1 for
further detalls.
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2.6 Using the Window Menu

The “Window” menu in the main window dlows you to choose to view a particular
window. It dso dlows you to change the presentation format of multiple windows. The options
are:

Sizeto Fit
Cascade

Tile

Arrange lcons

2.6.1 Selecting and Adjusting the Windows

The options in the “Window” menu ae useful for manipulating the presentation format
of the results from a hole-drilling cdculation, eg., after usng a choice from the “Cadculae’
menu.

The “Size to Fit” option adds scrollbars to the currently chosen window, if that window is
gmdler than necessary to display the entire window contents.  The scrollbars dlow you to scroll
the window as needed to see dl the window contents.

The “Cascade’ option aranges al open windows in a cascade, with their titles visble
and in sequence. You can then sdect any particular window by clicking its title or any other
point in the window.

The “Tile" option arranges dl open windows in a tile patern. This dlows you to view
pats of dl windows smultaneoudy. You can use the usud window operations to manipulate
the window display.

The “Arrange Icons’ option arranges the icons of al windows that have been minimized.

Lised underneath the above options in the “Window” menu are the names of the open
windows. Y ou can select any of those windows by clicking their names.
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2.7 Using the Help Menu

The “Hep’” menu in the main window provides access to summary information about the
verson of H-DRILL that you are using. The oneoptionis

About H-DRILL...

2.7.1 About H-DRILL

The “About H-DRILL...” option gives summary information about the verson of
H-DRILL tha you ae usdng. This information includes the program verson number, the
software copyright notice, and your company name. Click “OK” to return to the main window.

H-Drill |

H-DRILL Werzion 2.20
[c] Gamy 5. Schajer, 2001,
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3. EXAMPLE H-DRILL SESSION

Double-click the H-DRILL icon to dat the program.  Click “File’, “Open...”,
“Demol.dat” and “Open” to read an example data file. HDRILL displays three windows that
summaize the input data both numericaly and graphicdly. Click “Blind-Hole' and “Display
Integrd Method” to cdculate the resdud stresses using the Integrd method. H-DRILL displays
a cascade of windows showing the caculated results in both numericad and graphical form.
Examine the contents of the various windows by clicking an exposed pat of each window to
bring that window to the top.

Click “Blind-Hole” and “Save Results’. Type “Demol” and click “Save’. This creates a
file “Demol.out” that contains the resddud dress results computed by the Integra method.
These results are identical to those displayed in the “Cdculated Stresses’ window after clicking
“Digplay Integra Method”.

Click “Blind-Hole¢" and “Specify Materid + Geometry” to open the “Materid and
Geometry Data’ didog. Click the “Poisson’s Ratio” box, dter the vaue from 0.282 to 0.6, and
click “OK”. H-DRILL identifies 0.6 as an unacceptable vaue, and disolays a warning message.
Click “OK” to return to the “Material and Geometry Data’ didog. Change the Poisson's rétio to
0.3, and the datatitle to “Modified Rendler and Vigness Fig.13 data’.

Click “Blind-Hole’ and “Specify Blind-Hole Strains’ to open the “Blind-Hole Strain
Data’ didog. Deectivate the dran data in line 2 by changing the sgn of the hole depth to
-0.0236. Add the following hole depth and drain data to lines 9-11. Use the “Scroll Strain
Data’ dider as needed.

Line 9. .006 -13 —7 4
Line 10. .018 —43 -20 13
Line 11. .0295 —75 -30 21

Click “OK”. Click the “Measured Datd’ window to view the new strain data.  Notice
that the inactive srain a 0.0236 depth is not included in the drain vs. depth graph.  Click
“Blind-Hole" and “Specify Blind-Hole Strans’ again to return to the “Blind-Hole Strain Data”’
dialog. Notice that HDRILL has sorted the dtrain data into ascending order of hole depth. The
three new sets of dran data are now in lines 1, 3 and 5. Click “Cancd” to exit the didog
without meking any further changes. Click “Digplay Integrd Method” to repeat the Integra
method caculations. View the various windows.

Click “File’ and “Save Data AS’ to enter the “SAVE — Input File’ didog. Change the
filename from “Demol.dat” to “Testl.dat” and click “Save’. The modified data are then saved.

Exit H-DRILL by dicking “File’ and “Exit".
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5. APPENDIX

5.1 Command Line Parameters

H-DRILL can accept command line parameters to dter the way in which the program
darts. These parameters can control the chosen screen resolution, the files used for input and for
writing the caculated results, and the default use of inch or metric units To use command line
parameters automaticaly, creste a shortcut icon by right-dicking H-Drill.exe, and then sdect
“Create Icon”. Click the “Shortcut” tab and add the desired command line parameters at the end
of the“Target:™” line.

5.1.1 Explicit Choice of Screen Resolution

On sart-up, H-DRILL detects the resolution of your computer screen, and adjusts the
gze of the man frame to fill the entire avalable area  If you wish to confine H-DRILL to a
gndler area of your screen, for example to leave other gpplications visble, you may use one of
the following command line parameters:

s.640 makes H-DRILL start with a screen resolution of 640x480 pixds
s:800 makes H-DRILL sart with a screen resolution of 800x600 pixels
s:1024 makes H-DRILL start with a screen resolution of 1024x768 pixels
s.1280 makes H-DRILL sart with a screen resolution of 1280x1024 pixels

It may sometimes happen that HDRILL does not correctly identify the resolution of your
screen.  The above command line parameters can be used to make the needed adjusment. If
more than one screen resolution parameter is pecified, the last one is used.  Sequentid position
relaive to any other command line parameters is not important.
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5.1.2 Automatic Data Reading and Result Writing

H-DRILL may be run from other programs in the form of a macro or batch file. In such
cases, it is dedrable to run H-DRILL without any keyboard input. The fallowing command line
parameters support this gpplication:

r:filename reads input data from an exiding file cdled filename
t:filename writes through-hole stress results to a new file caled filename
a:filename writes average stress results to anew file cdled filename
p:filename writes power series stress results to anew file called filename
i:filename writesintegra method stress resullts to anew file called filename
e exitsfrom H-DRILL

These command line parameters operate in the same way as the corresponding interactive
commands. They are processed in left-to-right sequence, and should be arranged in execution
order, with r: fird, followed by some combinaion of t:, a:, p: and i:. All these parameters may
be used repeatedly, providing that r: is used immediately before its associated stress calculations.
Most commonly, the last parameter is e to exit HDRILL. However, this lagt parameter should
be omitted if subsequent interactive input is desired.

If H-DRILL encounters any errors while processng command line parameters, it requests
corrections from the keyboard. Typica errors include specification of an input file that doesn't
dready exist, or a dtress output file that does dready exist. After error correction, H-DRILL
continues with command line parameter processing.

A typicd exampleis
H-DRILL r:demol.dat

Here, H-DRILL reads the input data from the exising file demol.dat before going on to
behave in the usud way. This hasthe effect of preloading H-DRILL with the specified data.

Ancther typicd exampleis:
H-DRILL r:demo2.dat i:idemo2.out a:ademo2.out e

Here, H-DRILL reads input data from the exigting file demo2.dat, and writes Integrd
Method stress results in a new file idemo2.out, followed by average dtress resuts in a new file
ademo2.out. Thefind “€’ causes an exit from H-DRILL.



5.1.3 Default Specification of Measurement Units

H-DRILL darts with a default choice of US cusomary units, i.e, inches, pd, ec. This
choice can be changed by using the “New” option in the “File” menu. See Section 2.2.1 for
detals. The same initidizations can be done automaticdly on dartup by using the following
command line parameters.

m initidizes H-DRILL operation to metric units
u initidlizes H-DRILL operation to US customary units
When used with other command line parameters, m or u should appear after any r:

t:, a, p., or i paameters. This is because the last four parameters can change the default
choice of units. If more than one measuremernt unit parameter is specified, the last oneis used.
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5.2 Data File Format

H-DRILL can read its input data in two different ways, ether through the didogs or
through a data file. Typicaly, data files are made by saving the data entered using the didogs.
However, it is aso possble to create data files using ether a text editor or another computer

program.
The datafile Demol.dat provides an example of the file format:

INCHES
Rendler and Vigness Fig.13 data (US units)
2 29.85 .282 .0610
8 8 0
.0000 0 0 0
.0118 -26 -14 8
.0236 -60 -25 17
.0354 -85 -34 24
.0472 -100 -38 31
.0590 -109 -40 37
.0708 -113 -40 41
.0826 -114 -40 45
.0944 -113 -38 45
2 .0005 .0010 2.0

Line 1 indicates the sysem of unit used in the file, ether INCHES or METRIC. Line 2
contains the data title.  This title may be up to 50 characters long. All subsequent lines contain
numbers that are right judtified in groups of ten columns. Some of these numbers are decimd
and some ae integer. Decimd points must not be added to the integer numbers, otherwise
H-DRILL will fal unpredictably.

The format of the data file follows that of the didogs. Line 3 specifies the rosette type,
Young's modulus, Poisson's ratio and hole diameter. Rosette types 1,2,34 and 6 correspond to
031 RE, 062 RE, 125 RE, 062 UM and 030 RR respectively. The rosette type number is aso
used as a code to diginguish Blind-Hole and Through-Hole data.  Positive vaues indicate Blind-
Hole data, while negative values (-1, -2, -3, -4, and -6) indicate Through-Hole data.

Line 4 contans the number of lines of (non-initid) strain data that are present, the
number of lines that have non-negative hole depth specifications, and the percent drain
smoothing. The subsequent lines contain the initid drain data followed by the drain data a the
various hole depthss.  The number of norrinitid drain data lines must agree with the number
gpecified on line 4. The fird number on each drain data line is the hole depth, and the remaining
three numbers are the corresponding relieved drains e;, e; and e;. The lagt line contains the
esimates for the maximum errorsin drain, hole depth, hole diameter and dastic modulus.
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For Through-Hole cdculations, the number of lines of nortinitid drain data equas 1 (the
“find grains”) “Hole Depth” isnot used in this case, and is st to zero.

CAUTION: It is easy to make a migake when externdly preparing an input data file.  You
should carefully check the data and graphs that HDRILL displays after reading the data file. In
addition, you should get H-DRILL to check data consgstency by choosing the “ Specify Materid
+ Geometry” and “Specify Strans’ options in the “Through-Hole’ or “Blind-Hole’ menus, and
click “OK” in each didog.



