5. Working with SR1

Demo Mode

The SR1 demo runs automatically and demonstrates how the program works by showing a sample
calculation. The Demo is started by using the menu item "Help" followed by the menu item "Demao". Always
click OK or Close to get the next step.

Program Start

Start the program at “Start->Programs->HEXAGON->SR1".

If password option is set, you are asked to enter your password. All names of existing subfolders are valid
passwords. The user directory "TRAIN" is automatically created by setup program.

SR1 Configuration

J[=] E3

Dlreclonesl Graphlcsl CaD | Eolourl F‘Hnterl Printout  Settings ID)(FPLEIT' extemall

Elnput - IDI X_I rDecimal sigm

& x.xx number of digits for floating point numbers |3 5
 x xx

Enter User D1 ...

Help |
‘:DDEN:I_ — ™ Enter user at start of program
: Noinfo window

train I Show licence window at start of program

< 1 - default help level
¥ finit Float 3
Archive flag ?
" 2: ertended help, single input
k. I Cancel Help Test A, Image
oK I Cancel | Save |

SR1 will accept capital letters and small letters equally. If there has no User Directory been created for you
yet, FED5 will be terminated. Thus your files are protected from access of unauthorized users. See under
Chapter 3 (Installation) in such a case and create the respective user folders.

At "File->Settings" you can configure the program not to show license window and ask for password at

program start.

5.1. Main Menu

Title Sub-title Function

File New Carry out new calculation A-Z

File Open Load previous calculation

File Open (Table) Load previous calculations from preview table
File Save Save calculation to file

File Save As Save calculation with new name

File Print Print screen graphic

File Settings Configure graphic, printer, etc.

File Exit Program end

Edit Text Input draw. name, draw. no., text

Edit Pre-Dimensioning Determine required bolt size

Edit Bolt Input bolt dimensions

Edit Clamping Plates Input strained parts

Edit Nut Input nut or bolt hole

Edit Load Input forces

Edit Friction Input friction coefficents

Edit Tightening Input assembly tool

Edit Temperature Input operating temperature

Edit Ecc.Application Input data for eccentric load

Edit Flange Input flange dimensions and load (SR1+ only)
Edit Calc.Method Configure calc.method, friction input, preload
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Database
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Document
Document
Document
Document
Document
Document
Document
Document

OLE
OLE
OLE
OLE

Help
Help
Help
Help
Help
Help
Help

Printout

Output of results

Load-Extension Diagram Graphic display elevation

Assembly Condition req.
Assembly Condition
Working Condition req.
Working Condition max
Working Condition min
Drawing

Table Drawing

Load

Flange

M-alpha diagram
F-alpha diagram
FM-MA diagram
MA-FM

FM Statist.

Diagrams

Material

Error Messages

Projection

Side View

Top View
Bottom View
Bolt

Nut

Clamping Plates
Flange
Diagrams

Thread

Bolt head

Material Bolt
Material Plates,Nut
Nut

Tightening tool
Friction

Friction min/max

Drawing data
Modifications-Info
Modifications-Printout
Modification-New
Edit previous modif.
Delete prev. modif.
Document 1..5

Setup

Start Excel
Export to Excel
Import from Excel
Printout to Excel

Auxiliary Image

Error Messages
History

Demo

HEXAGON Homepage
E-Mail to HEXAGON
Licence

Load-extension diagram assembly required
Load-extension diagram assembly max/min
Load-extension diagram Fvmin,req. with FA
Load-extension diagram Fvmax with FA
Load-extension diagram Fvmin with FA
Bolt joint drawing

Drawing and tables with results
Load-extension diagram and load valcues
Flange drawing with bolts (SR1+ only)
Torque - tightening angle diagram
Clamping load — tight.angle diagram
Clamping load - tightening torque
Tightening torque — clamping load
Statistical distribution of clamping load FM
All diagrams

Material properties

Description of Error messages

Bolt joint graphic

Bolt joint graphic

Bolt joint graphic

Bolt joint graphic

Drawing

Drawing

Drawing of all clamping plates
Flange Drawing (SR1+ only)
Select diagram to be exported

Modify or add thread data

Modify or add screw head dimensions

Bolt material base data, Re=f(T), E=f(T)

Plate and nut material base data, Re=f(T), E=f(T)
Nut types and dimensions

alpha A coefficient

Friction head, thread, mating surface

Max/min friction head, thread, mating surface

Drawing date, edited, checked, standard
List of changes

Printing out the list of changes

Append new changes

Edit previous change

Delete last change

Load external document and program
Configure external programs and files

Execute MS-Excel, if installed on computer
Copy input data to Excel worksheet

Load input data from Excel worksheet
Copy printout to MS-Excel worksheet

Show Auxiliary Images

Show error messages

Show alterations and additions to FED5
Run Demo Mode

Send E-Mail to HEXAGON
Display Licence Information

SR1
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5.2. File
The SR1 Files are text files which contain all input data.

File - New
Guides you through all input windows. See following chapters for details.

File — Open

All created SR1 Files are listed. Select desired file with mouse or cursor keys. Then the file is opened by
SR1 and can be printed or modified and re-calculated. After loading a SR1 file, a calculation of the
geometrical values and mechanical strength properties is carried out. To erase a file, select it, then press
DEL key.

File - Open (Table)

[llsr1+ HAAPPS TR TRAINY =10 x|
File Help

File |Date pimdd[Ma |Mame  [infal  [infe2  [inie3  |dwm  [Lbokmm|lkmm [FAN  [FGN  |FReqM [F¥N | i’
05k 2008/06/01 | FaFre alpha=1.E mt Fpre st 1E.000 1200 930 26000 O 4434 119670

0, SR 2008/04/03 Beispiel 1 VDI 2230 Schraube in sinem b als Anwer 12000 | 600 | 420 24300 0 1000 63354
0B.5R 2 ¥ Eeispicl 1 VDI 2230 Schraube in sinem b als Aweer 12000 | 50.0 | 420 24900 |0 1000 63354

OC. SR 2008/04/03 Beispiel 1 VDI 2230 Schraube in einem b als Anwer 12000 | 600 | 420 24300 |0 1000 54963
0D.5F 2006/04/03 Beispiel 1 VDI 2230 Schraube in sinem b als Anwer 12000 | 600 | 420 (24300 |0 1000 45440
1-4_20%2.5R1 1396412415 Applicatio Applicatio Dema Vel 6350 (550 420 (2000 0 1000 12541

1.5R1 2002/01/08 Beispiel 1 VDI 2230 Schraube in einem b als Anwer 12000 | 600 | 420 24300 |0 1000 54853
1E.5R1 200410/27 Bolted Joi 1 balted joir applicatio from DI | 12000 | 60.0 | 420 24900 |0 1000 54853

IMFI1 5R1 2010423 RBeizniel 10T 2230 Sehranhe in sinern B alz Arwer 12 000 0 ROD 4717 24900 N 10 Rr445 ll

Main properties of all fed files in the current folder are displayed in a table. You can sort to desired property
by right mouse click into title cell. By cursor keys or mouse click, file is opened and calculation results are
shown in Quick View.

File - Save

After entering the filename, a SR1 file with the current input data is created. All letters and numbers, as well
as the characters - & () % $ # ! ' can be used. Upper and lower case letter can be used. Special characters
suchas",;.:#7?=/><"are not permitted. The filename may have up to 255 characters. The extension
input .SR1 is not absolutely necessary, as it is automatically added by the program.

If previously opened and modified, data are saved under the same name without asking for file name.

File - Save as
Save File under a new file name. See also “File Save”.

NULL File
If you save data to a file called "NULL", that file will be loaded automatically after program start. You can use
this option for storing your preferred material data and quality classes.

ACTUAL File
When you exit the program, the data is automatically saved to a file "ACTUAL". When restarting the
program, you can obtain the latest data by loading the ACTUAL file.
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5.3. Input/Edit

Feference Temperature 'C [default=20]
20
0K I Cancel Help Text A Image

When inputting numeric values or text, usually a default value or text will appear in the input window. If you
wish to accept these defaults just confirm by OK or Enter key. If you later wish to alter individual values in
order to carry out optimization, all you do is go to input, confirm the correct values or enter new data as you
require. As soon as you begin to enter a new value, the default immediately disappears. If you wish to
append an existing text, then you first move the cursor one space to the left and then one space to the right.
By using the cursor keys you can change or edit the default values. The insert mode is switched on and off
with the <INS> key. By using the <DEL> key, you can delete individual characters.

The help button allows you to display the help texts. The help texts, which are in the file SR1.HLP, can be
altered and appended with your own texts (see chapter 9).

With the Windows version the help pictures appear in the background, in order to be able to see them, the
dialogue window must be moved down.

Databases

SR1 software includes many table values in the database (e.g. thread, bolt head, material, etc.). This
provides the optimum method for calling up standard or manufacturer specific data. Compared to manual
input of these values there is the advantage that you no longer have to look up the values in tables. In
addition, as the values are not a solid part of the program you can alter the data or add your own values.

Dalahase for Hexagon nut to DIN 934 H=] E3

P h:happehitphar] diskh diding34. dbf

7| e F'ac:kl

Search | Searchﬂextl 0k I Cancel | Help |

d|h s |dw  info [infa2 | 2]
1200 (1020 1800 [1660 &NSIT

1200 1200 1800 1650 |4NSI2

1200 (1180 2100 1920 |ANSIHEAWY

1270 1270 (2235 2023 HEAWY HEX &NSIB162

1400 (1100 (2200 (2020 DIM 334

1400 (1280 2100 (1960 &NSIT

1400 (1470 (2100 1960 |4NSI2

1400 1360 2400 (2200 |ANSIHEAVY

1423 (1448 (2388 2171 HEAWY HEXANSIB182 ol
1583 1600 2692 |2454 HEAWY HEXANSIB182

1600 (1300 (2400 (2220 DIMN 334

1600 (1300 2700 2500 |DINE315

1600 1480 (2400 (2250 [&NSIT

1600 1640 2400 2250 ANSIZ

| [15.00 1640 2700 2430 ANSIHEAVY

| [1200 1500 2700 2530 DIN 934

[DRENISME 1520 3175 2903 HEAVY HEX ANSIB18.2

||| m] =]~

=

The hi-lited bar is moved up and down with the cursor keys in order to choose the appropriate data record.
You then accept the data from the choosen record with the <ENTER> key or "OK" button. With <ESC> or
"Cancel" button you can leave the database without accepting any of the values for your calculation.
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Indexed Database:

Wherever possible the databases are indexed. This allows the data records to be sorted and displayed
according to size.

The Thread Database has a double-index first on "TYP" (type) and then on nominal diameter "D". This
allows the contents to be displayed in according to diameter, first the metric threads (M) and then all fine
threads (N). If you wish to add data records to the database, these will be indexed and added to the
database in the appropriate place. Tool bar: You have the possibility to append the database with further
data records, or to alter the existing values to reflect company own values.

Edit: Simply write over the existing value in the data field with the new value.

Append: In order to append the database with further values just click into "+" button.

Empty fields will appear in the first line which you can fill-in. If the database is indexed, the new values will
automatically be moved to the correct place in the database.

Remove: If you choose "-" button, the data record on which the cursor is located will be marked for deleting.
If you then do not wish to delete the record, go to "-" again, the mark will then be removed. The marked
record will be physically deleted when you carry out "Pack".

Pack: With "Pack" the marked data record will be deleted from the database

First: Go to first data record.

Last: Go to last data record.

Search: This function is very useful for searching the whole database for a specific character string (e.g. "15
CrNi" in the material database). The hi-lited bar goes to the field with the character string. With "Search Next"
you can search for further character strings.

dBase Format: HEXAGON software uses the dBase format for its databases. This allows you to edit the
DBF files with dBase or other dBase compatible databases. In addition, you can also load company-own
specific data into HEXAGON software via dBase files.

5.3.1. Text Input

When outputting results to printer, three lines are reserved for designation, drawing number, name,
comments, etc. The first line includes the drawing name and number, the other two lines can be filled with
comments, names etc.

SR1 Bolted Joint Design (O}

Dirawing narne Ibolted ioin]
Dirawing number I
2 Dirawing name I

Line 1 Ibolted joint in & hydraulic cylinder

Line 2 Iapplication example 1

Line 3 [from DI 2230

ok I Carcel
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5.3.2. Pre-Dimensioning

SR1 Bolted Joint Design M=l
rLoad Load
C statical [14] % concentric appl. of axial force [1x)

" eccentric appl. of asial force [22]

@ dynamic (24] " shearing force [4x]

tight.of the balt
 with screwdriver [4%]

£ with tarque wiench (2]

" rotation-angle contralled or vield point controlled [1x]

shearing force FO IU M
i |249EIEI
S SR i coeff.of friction p Tr IU.'I 2

0k I Cancel | Help |

By inputting a few data, the required bolt size can be approached in steps with dimensioning. A combination
of three bolt sizes and strength classes are available.

Preliminary calculation done. possible variations:

€ M 12 at class of resistance 12.9
€5 b4 14 at class of resistance 10.9

" M 1B at class of resistance 8.8

Ok I Cancel Help Text Aux. [mage

The strength class from the choosen combination is used as the standard for the bolt input. This is not
possible with the bolt size as the thread has not yet been defined as metric normal or fine thread.

Specifications for dimensioning:

Load

static/dynamic

Load from axial force concentric/eccentric or shearing force
Amount of axial or shearing force

Bolt strength class

Tightening tool

The bolt load is significantly increased by the additional bending load with non-central force introduction.

Dimensioning must be relatively large in case of shearing force, as the residual screw clamping force must
prevent slipping of the clamping piece.

The scattering of assemble pre-gripping force is dependent on the tightening method.

SR1



5.3.3 Bolt Input

Select

select type of bolt

& shank screw ta DIN
" waisted screw to DIN

" sell-defined bolt

0K I Cancel Help Text A |mage

In most cases you will work with shank bolts or waisted bolts in accordance with DIN. SR1, however, offers
the possibility of freely defining bolt geometry.

Bl SR1 Bolted Joint Design - 1e.5R1 | [O] x|
File Edit “iew CAD Database Document Help

L_THREAD

[fram Dalabased
= BRI s

__S___Sﬁ“g_____EI
Lt L2 L3

EOLT Nuelle: Fuoss
SR1 Additional Dimensions for Special Bolts
R &g

A database for selecting the thread will appear on screen when you select a shaft or waisted bolt.

Database thread M=l 3
> | - | . | . | h:happeitphar] diskhd\gewinde. dbf
Search | Search Next | akK I Cancel | Help |
hame d 1] typl ;I
» 1400 2,000 M
| {116 16,00  2.000 |k
| M8 182,00 2500 (M
| |Maz0 20000 2500 M
| |M22 2200 2500 (M
| |M24 24.00 3000 M
|| M27 27.00 2000 (M
L 3000 3500 M
WEE 3300 3500 M ml
| |M3E 36.00 4000 M
| |M39 3900 4000 (M
| M2 42,00 4500 |k
|| M8 42,00 5000 (M
| |M5E 5E.O0 5500 (M
L E4.00 E.000 (M
M7 7200 6,000 |k
W LE 80,00 EO0OD (M
|
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The cursor is positioned on the thread size which was calculated in pre-dimensioning. You can choose the
required thread size from the database. The database can be altered or appended with additional thread
sizes (at "Database" menu).

The abbreviations have the following meanings:

Si gn Meani ng Uni t

D Rated D aneter of thread mm

P Pitch mm

AS Stress cross-section area mr?

D3 core di aneter nm#?
TYP thread type (Menmetric Ne=netr.fine) "M,UN

Diameters d2, d3

The exact value for min. diameter d3 and flank diameter d2 depends on the allowance and tolerance grade.
You can enter d2 and d3, or SR1 calculates it for you according to allowance grade 4h and 6h (max. value)
The diameters d2 and d3 influence strength calculation (min. stress area) and torque (friction area and
radius).

Input Bolt Head

Select

screw head

0 ..
DIMN 963 slotted countersunk. (M3, M20]

DIMN 964 slotted raized countersunk, (M3 M10]
DIN 84 slotted cheese head [M2.M10]

DIN 85 slotted cheese head [M2.M10]
special head

IFI 536 Hex Flange Screw (M5 M20)

ok I Cancel Help Test A, Image

The bolt head is selected from the list. Each bolt head has a matching database file. The data for the
drawing and calculation are obtained from the matching database file (minimum head lining dw), which is to
be found under "Database->Screw Head".

BIDIN 912 hexagon socket head (M3..M90) M= E3
I“| - | . | M| = | _ | a5 @ | F'ac:kl h:happzitpher dizk hetudind12 dbf
Search | Search Nest | Cancel | Help |
d II_threadlw_ke_l,l |h_head| dpth_keyld_headldw Ir_headlr_shankll_min |I_max | ;I

152 800 127 152 (064 243 223 |05 008 000 000

| [1.85 800 157 185 079 a0 25\ |01s 008 000 000

218 300 138 218 (096 385 332 (020 010 000 000

251 1500 188 251 (12 403 383 |020 010 000 000

284 1600 238 284 129 464 434 (020 010 000 000

300 1800 250 300 170 550 507 020 010 2000 3500

318 1800 238 317 145 521 480 (028 010 000 000

350 1800 250 (350 205 625 580 020 015 2000 4000

| [351 1800 V6 (351 163 574 540 (030 015 000 000 _I
400 2000 (300 400 240 700 E53 (040 020 2500 50,00

417 2000 (358 (416 196 E8E E52 (040 020 000 000

483 2200 (396 483 229 792 757 (040 020 000 000

500 2200 400 (500 310 850 803 040 020 3000 6000

00 2400 (500 |BO0 378 1000 833 050 025 3000 6000

635 2400 (477 B3 305 952 807 050 025 3000 6000

794 2800 B35 7R 34 11,90 1140 |0E0 0230 000 000

800 2300 (600 200 479 1300 1233 080 040 3500 10000

| |95 (3000 (792 (352 (482 1427 1376 (090 040 000 000 LI

s
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Usually, you don't need to worry about the bolt head database as it contains all DIN standard values.
However, if you wish to add additional thread sizes (e.g. M9), then you will also have to add the data for the
additional sizes to the bolt head database. The abbreviations for naming the data fields are explained in the
appropriate help pictures (see Appendix).

SH1 Bolted Joint Design - 1e.S5R1 [_ (O] x|
File Edit “iew CAD Database Document Help
D . nomingl diometer
R_HEAD R _SHANK L_THREAD : thread length
. H_HEAD : heod height
L. P W_KEY  : key width
= o - DPTH_KEY : depth of SW
T| X -+ -5 —%— — = — o D_HEAD : heod diameter
Al = — D 1 min, 0D bearing
i R_HEAD : heod radius
DPTH_KEY L_THREAD R_SHANK : shank radius
e L MIN L_MIN : Min. Length
H_HEAD L MAX L _MAK T Mox, Length
DiHE1 2 Source: DING1Z
ERAE -00l
SK1 Bolt in accerd. with DIN 912
rnom’ﬂ

If you select a special head, then you must add the data for the appropriate thread diameter to the
"SONDKOPF" database. The calculation requires the thread length and minimum head seat diameter dw. A
special head is then drawn as a cylinder with the diameter d_head and the height h_head.

special head [ _ (O]
h:happzitpher disk hehzondkopf. dbf

i

Hle | F'ac:kl

| <] > | o] 4] =] 2

Search | Searchﬂextl ak | i Cancel Help |

d II_threadl h_headl d_headl dw Ir_headld_innerl r_shankl |_mir |I_max |
[ME.00 2200 800 1300 1273 000 000 (000 000 000
300 1500 (500 1400 1320 000 000 000 000 000
1000 2600 1000 1600 (1573 000 000 000 000 000
1200 3000 1200 1800 1773 000 000 000 000 000
1200 3000 (300 1500 1500 000 000 000 000 000
1200 2000 (500 1400 (1470 000 000 000 000 000
1633 3000 (5000 G000 (3000 000 000 000 000 000
2400 2300 1000 (5250 (G250 000 000 000 000 000
2700 7o0 1000 (3600 (3600 000 1600 000 000 000
| |3300 (G100 2r00 %800 (5800 200 000 (000 000 000

Bolt Length

After selecting a bolt head, you have to enter the shaft length (up to the head) for shaft and waisted bolts.
You can select the shaft length from the database "LSCHRAUBE.DBF" by entering 0. You can adapt the
database to internal company own required steps of the bolt length. If the clamping piece has already been
entered, the program will suggest an appropriate bolt length.
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Strength Class

I[=] E3
e | - | . | - | h:happshtphar] digkhesmat_bolt. dbf

Search | Search Mext | ST Cancel | Help |
klasse I 1e I 1 I beta_bl e_modull alpha_t I infol I infa2 I ;I

! 109 540 1040 0577 206000 00000115

|98 720 1900 0577 206000 00000115

| |8.8d=16 E40 1800 0577 206000 00000115

|_|88d16 EED 1830 0577 206000 00000115

| |68 480 600 0577 206000 00000115

|56 300 500 0577 206000 00000115

| |48 320 420 0577 206000 00000115

| |4E 240 400 0577 206000 00000115

|36 190 330 0577 206000 00000115 _|

|_|F1-45 250 450 0577 206000 0,0000115  Femitisch

|_|F1-60 410 600 0577 206000 00000115  Feritizch

| |C1-50 250 500 0577 206000 0,0000115  Martenitisch

|_|c1-70 410 (700 0577 206000 00000115  Martenitizch

| |C3-80 E40 1800 0577 206000 00000115  Martenitizch

|_|C4-50 250 (500 0577 206000 00000115  Martenitizch

| |ca-70 410 (700 0577 206000 00000115  Martenitizch

14313 B85 (780 0577 206000 00000115  Martenitizch

|_|4&1-50 210 /500 0,700 206000 00000115  Austenitizch LI

The bolts are divided into strength classes and listed according to tensile strength and yield point. The first
value shows the approximate tensile strength, the yield point can be calculated from both values.

Example for 10.9:
Tensile Strength : 1000 N/mmg2
Yield Point : 900 N/mm?

Fatigue Strength
You can SR1 let calculate fatigue strength to one of the two formulas in VDI 2230, or you can enter the
Sigma a perm. value for the bolt, or you can select it from a (appendable) database (MAT_B_SA.DBF).

Select E

endurance strength

% RTBHT 0.75%180/d+52)
€ RTAHT 0.754180/d52] * [2-F/F0.2)
 Databass

 input

ok I Cancel Help Text A, Image
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Special Bolts

As well as shaft and waisted bolts, you can freely define any number of stepped bolts by entering the part-

cylinder.

SFH Bolted Joint Design - 1e.5R1
File Edit “iew CAD Database Document Help

IS=] E3

L_THREAD

(frem Dalabasel

|
| Dad

L1 L2

L3

EBOLT

o elle:

Fuoss.

SR1 Additional Dimensions for Special Bolts

TAIE- 0

FR s

If you first choose a waisted bolt in accordance with DIN, then exit the input, after that go to input for special
bolts, you will see how the individual bolt steps are defined. First the bolt head of the part-cylinder is entered

followed by length, diameter and inner diameter (for hollow bolts).

I[=] B3

section self-defined bolt

section 1: De= 87 Di= 00 L= 25 Hew

section 2 De= 32 Di= 0.0 L= 30

section 3 De= 90 00 L= B85 .

section 4; De= 92 Di= 0.0 L= 100 Modify |
Ingert |
Delete |

section & De= 84 Di= 0.0 L= 158
section 6 De= 30 Di= 0.0 L= 120

A Image

Cancel Help

section 3 | _ (O]
outer diameter De IB mrn
inner diameter Di ID mm
Enter length section L IB.S mm
Ok I Cancel | Help Text | Az, Image |

After all part-cylinders have been defined, don't forget to enter thread, head and bolt material. By entering
and deleting individual part-cylinders you can easily make changes and optimize the bolt.
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5.3.4. Input Clamping Plates

SFH Bolted Joint Design - 4e 5R1 M= 3
File Edit “iew CAD Database Document Help
baZ
Dol
Dt -
m—
| ]
niz
|
| = o
| -
| ]
0i3
M
L] -
| Oid 1
ny 1 |
i ot

L
L
L4

CLAMPRCS

SR:[ Clamping Pieces

<FAE -0l

SR1 allows you to define up to 10 clamping pieces held by the bolt. Enter length, outer diameter and drill-
hole diameter of the clamping pieces. If the clamping piece is not cylindrical, enter the equivalent diameter. If
the clamping piece is a large plate, simply enter a very large diameter. SR1 will calculate a substitute
diameter when calculating the elastic compliance.

clamping pieces M= &3

clamping piece 1: de=155di=9.31= 215 Mew

clamping piece 2: de=155di=9.31= 20.0
Modify
Inzert
Delete
Luill hole

Cancel | Help | Auz. Image |

Material data can be selected from database "pressung.dbf' or "mat_p_1.dbf", or you enter material name,
permissible pressure, yield point, temperature extension coefficient and modulus of elasticity.

clamp.plate 1 =101

[~ materiat

Description I LI Databass

& 0 [pressung.dbf] Database
outer diameter De I3U mm 1 [mat_p_1 dbf]

-
inher diameter i IW? mm ;I

thickness L |3 oo mm material [42CiMod
prgx [A50 MPa
Database clamp.plate | Re IBED— P
aphaT[00115E5 | mmk <
[~ input Elasticity ?
“Young's modulus | 205000 MPa ;I

ok I Cancel | Help Text | Aux. |mage | mm -3 inch |

SR1 calculates elasticity delta from E module, cross-section an length of clamping plate. If clamping plate is
a spring or spring washer, you can check "Input elasticity" and enter elasticity (delta = 1 / spring rate R)
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Washer Database

By entering O for the length of the clamping piece, the database with the file "KLEMMSTK.DBF" will be called
up. Select a washer from the database. Thickness as well as inner and outer diameters will be taken directly
from the table. You can append the database with parts you use a lot and distancing sleeves.

[ill Select washer/standard plate as clamping piece 2 [_ (O] %]
< | - | . | . | h:happshtpher diskheklemmstk. dbF
Search | Search Mext | Cancel | Help |
name | di | de | | | info ﬂ

DINEJIE (23,00 3300 4,00
DIN125 (25,00 (4400 4,00
| |DINESTE 2500 4400 (400
[M[DIN125 (27,00 (5000 4,00
DIN125 2300 5000 400
DIMEI1E (2300 5000 500
DIN125  31.00 5600 400
DIME31E |31.00 5600 500
DIN125 3400 6000 500 J
DIN125  |37.00 BEOO 500
DIME1E |37.00 G600 600
DIN125 40,00 (7200 E.00
DIN125 4200 (72,00 700
DIM125 (46,00 8500 700
DIM125 6000 92,00 2,00
DIN125 54,00 93,00 8,00
| |DINT25 (58,00 105,00 9,00

Clamping Piece Material Database

The material for the individual clamping pieces is selected from the "PRESSUNG" database. During
calculation all seam lines will be checked that the permissible surface pressure is not exceeded. Should the
material you require not be in the database, then you can add it (see the beginning of this chapter).

il select material for clamping piece 2 M=l E3
» | - | .- | . | h:happzitpher diskhehpressung. dbf
Search | Search Mewxt | Cancel | Help |
rnaterial I Te I m I pperml beta_ml e_modull alpha_t info I ;I
| [QUAL 4 300 500 8OO0 0577 (206000 00000115
|_|QUAL S 380 580 880 0577 (208000 00000115
|_|QUAL & 480 680 €80 0577 (208000 00000115
| |QuaL. 8 E40 850 850 (0577 208000 00000115
| |QuaL.04 250 1380 380 0577 (208000 00000115
| |QUAL.0S 300 500 8OO0 0577 (206000 00000115
| {QuaLio 940 1040 1040 0577 208000 00000115
| |QuaLiz 11001150 11580 0577 208000 00000115
| |QUAL3 190 330 330 0577 208000 00000115 J
|_|SINT-D-10 210 1300 250 0577 (188500 00000115
| |5t37[1.0037) 240 (370 260 0577 210000 00000115
| {5t 50(1.0050) 320 500 420 0577 210000 00000115
|| Stainless steels hardened 11001200 1000 | 0577 205000 00000115
|| Ti-Ba-4v 10001100 7000 0577 (116000  0.0000000
|| 'wraught Aluminum 370 450 370 0440 72000 00000235
||+ 5 CiNita 1810 195 500 210 (0577 203000 00000115
| [*10 CiNito 18 3 195 500 220 0577 203000 00000000
[ |
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5.3.5 Edit Nut

The nut thread can be a dead-end hole or a nut.

" nut d=12mm =NACN X
tapped blind hole joint [E5%]
EH - —
lonanceleasy thread depth 20 ] <
bolt-nut type bore depth 25 mm (<
@ tapped blind hole joint [E5%]
through bolted joint with nut [D5Y)
material
pmaz= 1MPa E = 206000 MPa
Fe=1MPa Fm=1MPa
D atabase I
@ 0 [prezzung. dbf]
D atab.
1 [mat_p_1.dbf) sabase
[ QK J | Cancel | | Help Text | | Aux. Image | | mm <--> inch

Dead-end Hole

With a dead-end hole you must also enter thread depth and drill depth. The dead-end hole joint will be
shown as a cutout in the CAD drawing. The pull-out stability is calculated according to the DOSE formulas,
see auxiliary picture. For this reason nut thread material must be choosed. A calculation of pull-out stability
should be carried out for dead-end holes with shallow depth and nuts of soft materials.

Database material [_ O] =]
» | - | - | . | h\appsitphsr diskvehpressung. dbf
Search | Search Next | 0.4 | " Cancel Help |
material Ire |lm |DDerm| beta,ml eﬁmndul| alpha_t ||nf0 ﬂ
[H|C 45 11.0503) 500 800 700 05FF 210000 00000115
|| Carbon filed compasits 140 100 140 0400 (18000 00000000
| | G0 Mg 220 1300 220 0500 44000 00000260
| |GG 15 [0.6015] 150 150 (600 0,900 (85000  0,0000030
| |GG 25 [0.6025) 250 (250 800 0,800 110000 00000030
| |GG 35(0.6095) 3680 (350 400 0800 (125000 00000030
| |GG 40(0.60400 400 1400 1000 0,500 135000 00000030
| |GGG 3.3 250 '35 480 070D 160000 0.0000030
| |GGG 35.3 250 (350 430 0700 (160000 00000030 J
| |GKE Mgal 140 (200 140 0500 44000 00000260
|| Gilass filled composite 120 100 120 0400 (18000 00000000
|| Gray iron class 20 123 129 430 0,900 70000 0.0000030
|| Gray iron class 25 180 150 600 0,800 85000 00000030
| | Grawiron class 35 250 (250 800 0,800 110000 00000030
|| Grawiron class 50 360 (350 400 0800 (128000 00000030
|| Gray iron class B0 400 400 1000 0,900 135000 0.0000030
|| Pure Titanium 200 1390 300 0577 105000 00000000
=l
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Nut

The most common DIN nuts are listed in a database. Please note that a data record must exist for the

entered thread size.

1 Database nut =RRcR X
File View Help
| > | » |[ semen | [seachnes] Cancel
[sw [ow [NFo1 POz | P
10 13 17,2 DIN 534
10 22 20 DIN 6915
108 18 165 ANSI1
12 18 166 ANSI 2
13 2 18.2 ANSI HEAVY
108 18 1661504032 DIN 70
122 18 165 1S0 4034 DINg72
127 2235 20.23 HEAVY HEX ANSIB18.2

The required nut is selected with the cursor keys and accepted with the ENTER key.

Under the menu item "special" the nut is simply defined by entering the head contact surface (for surface
pressure calculation) and the height.

Nut Material

If you use bolt and nut material in an equivalent strength class, there is no need to calculate the nut. In this
case there is no danger of stripping the nut thread. If you use different material for bolt and nut, the safety

against stripping of the nut thread must be calculated

Il Database material

N

-

>

|

Search | Search Mext

48/52

he\appsitphsrl diskepressung.dbf

o]

Cancel |

[_[O]%]

material

[re [im [ppermbeta m]= modulalpha t

[info

] [ |

QuAL 4
QuAL 5§
QUAL &

QuAL 04
QUAL 05
QuaL10
QuaL12
QuAL3
SINT-D-10

TiBaY

S5t 37 [1.0037)
St 50 [1.0050)
Stainless steels hardened

' rought Aluminunn
X B CONiMo 1210
K10 CiNiMo 189

300 500

380 5
480 b
640 &
280 3
300 5

0| 500
80 580
80 680
50 850
80 | 380
00 500

0577
0577
0577
0577
0577
0577

940 1040 1040 0577
1100 1150 1150 0577

130 3
210 3
240 |3
320

30 330
00 250
70 | 260
00 420

0577
0577
0577
0577

1100 1200 1000 0577
1000 1100 1000 0577

370 4
195 &
195 i

50 370
00 210
00 | 220

0440
0577
0577

206000
206000
206000
206000
206000
206000
206000
206000
206000
155500
210000
210000
205000
116000
72000

203000
203000

00000115
00000115
0.,0000115
00000115
00000115
00000115
0.,0000115
00000115
00000115
00000115
0.,0000115
00000115
00000115
0,0000000
0,0000235%
00000115
0,0000000

|

SR1 - Prevailing-Torque Type Nuts

If you use nuts with prevailing torque, additional torque by friction and additional shear stress has
to be considered in this case. SR1 calculates higher tightening torque and reduced clamp load for
equivalent stress. If you select a prevailing-torque type nut from database, friction torque
(TORQUE) is set as MA pre, and MA pre option will be set. If you later use a standard nut without

prevailing-torque, you have to reset MA preto 0.

=
Eile View Help
|« | e | w | seach | seawhien| 0K | cancel |
D [INFD [s [M [c [oc [ow [FLer R [ToROUE  [TORGUE_MIN[TORGUE_Mex[INFOZ INFD3 [ ]

[ 6,35 14" 113 [ 1 14,2 123 [ 0,25 4 05 45 IF-100/107

[ 7.94 5/18" 127 EE] 13 17.2 152 [ 0.5 g 08 E] IFI100/107

[ 8150 7044 13 94 1.2 179 158 04 05 g 085 7/ AllMetal

[ 8 ANSITI 13 107 1.2 179 158 04 05 g 085 7| Top Insert

[ 953 38" 1427 108 15 205 185 [ 05 12 13 125 IFI100/107

[ 10 150 7044 15 1.4 15 218 196 04 0 g 15 105 Al Metal

[ 10 ANSITI 15 135 15 218 196 04 0 g 15 105 Top Insert

[ 1.1 718" 17.48 125 1.8 236 215 [ 05 15 18 15 IFI100/107

[ 12 150 7044 13 138 1.8 2 238 04 07 12 23 16,5 Al Metal

|| 12 ANSITI 13 18,1 1.8 2 238 04 07 12 23 165 Top Insert "
|| 127 172 19,05 14,1 2 272 249 [ 05 22 25 22 IFI100/107

|| 14 150 7044 21 159 21 239 276 0 04 16 EE] 24 Al Metal

|| 14 ANSITI 21 182 21 239 276 0 04 16 EE] 24 Top Insert

|| 14,29 916" 22 159 23 0.2 28 [ 075 EE] 34 34 IFI100/107

|| 15,93 58" 2333 175 25 238 3.2 [ 075 47 44 475 IFI100/107

M 150 7044 24 183 24 45 239 0 1 S 45 32 All Metal

L 16 ANSITI 24 203 24 345 33 0§ 1 S 45 32 Top Insert

L 19,05 374" 2858 21 28 03 373 ] 075 &0 65 51 IFI-100/107

L 20 150 7044 0 224 3 428 3939 0§ 12 0 75 54 Al Metal

L 20 ANSITI 0 248 3 428 3939 0§ 12 0 75 54 Top Insert 5
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5.3.6. Edit Load

SR1 Load IS [=] E3
Axial force Fa shearing force FE
Fia [ma) [ N Fi [5640 N
i ID tatical |
] W Saes reqd. residual clamping force FO/p=56400 M [|.t=D.1U|

rintroduction of force, force distribution factor

lower medium upper
Féy > Iscrew head j il EI LI
Fa < Iinner thiead or nut j il EI LI
prestress force loss th setting A [mage Load
0.003| vDI 2230 duw | 12
_ ux. Image nl, n |
cunt of setting IU.UU3 mm 001 3| ademecum [mould seam area grinded)

0.0z I Wademecum [mould seam area lathed)

ok

— 1eqd. residual clamping force
56400 | FO/p = 5540/0.1 = 56400 Cancel

FK erf IEEdﬂD M A, Image

75331 | max=F5391 N [FM max = Fi)

Eli

Help Text

The load is made up of the following:

- upper and lower tension force FAo and Fau
- Location of the force introduction of FA

- Shearing Force FQ

- Residual clamping force F 00 1

Axial Force FA
SR1 calculates the vibration stress for dynamic load between the forces FAo and FAu. For static load is
FAu=FAo, for alternating load is FAu=-FAo0, and for dynamic pulsating load the lower value is FAu = 0.

SFH Bolted Joint Design - 3e.5R1 M= 3
File Edit “iew CAD Databaze Document Help
FA F
Y
L Zl s
L
t
FQ L
W |
5
2
FQ . “§ =
LnE
nE =
LE
Ln&
n& =
LA
FA
LOAD Source WDl 330
SE1 Application of Force

Axial Preload FA pre

Compared with FA, the statical preload FApre is applies already at the assembly procedure (i.e. clevis joint).
FA pre is added to Fao and Fau, and also increases the assemly torque MA (MA pre = FApre * dkm/2 * pK).
Locations of force introduction for Fapre are assumed to be the same than for axial load FA.
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Force Introduction

The effect of the attacking force FA is highly influenced by the location of the force introduction. Use of a
distancing sleeve under the bolt head greatly reduces the effect of the additional bolt force FSA. The force
introduction factor is n = 1 for force introduction at the bolt head and force reduction at the nut thread. The
force introduction factors nE for the upper clamping piece and nA for the lower clamping piece are entered
separately in the program. No factor is required for force introduction on the bolt head or nut.

The force introduction factor n is the ratio of the length L1 to the whole length of the clamping piece LK.

ElsR1 Bolted Joint Design - 3e.SR1 M= E
File Edit “iew CAD Databaze Document Help
Force introducticn to the Lood extensicn diog. Qualitaiive course of additianal
concentric pre—stressed n =]-—-in rase of pre—siress balt force for diferemt
and cancentric leaded It /'k tar the qasemily pos, working farcea and
bolt joint — with working force constani margin conditions
tor working conditicn
T
prestress case  (g=fp
W]L‘ = working cose &
o
= " = 1 = L &
w [
4
—i
o Fa
]
[ ]
<T
= } = 0.5 o
1 .
-
Fa
| The suppl. belt Terce F gy
] iz 0 This rmeans ihe whole
= R = working force is absorbed by
L E 0 //EHT the |ood-exlended parts
-
-
LE” - "‘T
FAKTOR _N [F. 5 Jvby Saurce WDl 2230
ERIE- 014
SE1 Force Application
F e Olfiﬂ

Load-extension diagram for different force introduction heights (see also VDI 2230).

Shearing Force FQ
When entering the residual clamping force you should take into account whether or not a shearing force FQ
attacks the clamping plates.

Residual Clamping Force F KR
The residual clamping force between the fixed plates must be at least FK req. = FQ / uTr for attack of
shearing force. The residual clamping force must be greater than the clearing force for eccentric load.

Settling Amount

Leveling off of surface unevenness on a bolt causes appearance of settling, which means the assembly
tension must be reduced by Fz. SR1 makes suggestions for the settling amount according to the VDI 2230 of
1986, Bauer & Schaurte Vademecum, and VDI 2230 draft of 1998.

Preload F pre, FA pre and MA
Preload F pre, FA pre and MA pre are not defined in VDI 2230. It must be activated at Edit->Calculation
Method.

Preload Fpre and FApre

Fpre is the bolt preload required to bend plates that does not contribute to clamp load.

FKmin is reduced by the value of Fpre, and FMmax,req is increased by the value of Fpre.

Set Fpre=0 for standard joints to VDI 2230.

FApre is similar than Fpre, but FApre raises tightening torque (by FApre/pK). Load introduction of FA pre is
like defined for FA. Load introduction of Fpre is between screw head and nut thread.

Prevailing Torque MApre

For self-locking screws and self-tapping screws you can define torque MApre caused by thread friction.
MApre increases tightening torque MA, but on the other side it also reduces maximum tightening torque
because of higher torsion stress.
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5.3.7. Input Friction

=10l x|

Ma pre |0 M

Hin. Mak

coeff.of riction in thread pG [0.74 ID.1 g8
coeff.of friction in head seat pk |01 ID.1 ]
coeff.of fiiction in mould seam pTr |0.12 pTr rrml

Sigma [3 ﬂ Hillebild

ok | Abbrachenl Hilfietext |

The friction values for the head seat and thread are required in order to calculate the tightening moment. The
friction between the seam areas is required for the calculation of the necessary residual clamping force with
shearing forces.

il Friction in thread pG M=l E3
» | - | . | . | h:happaitphar diskhebmue_g.dbf
Search | Search Next | Cancel | Help |

mue_gl FCIEW | lubricated | riut | ﬂ
L 017  Dacromet 500 no Dacromet 500
L 013 | Dacromet 500 yes Dacromet 500
| |8.12 | Dacromet 500 no Delta-Torne 9000
| |0.26 | Dacromet 500 no ZniFe
| 1022 Dacromet 500 no steel blank
|| 0,04  Dacromet 500 yes steal blank
| |01 Delta-Tone 3000 no Dacromet 500
|| 012  Delta-Tore 9000 yes Dacromet 500
| |0.16  Delta-Tone 3000 ho Delta-Tone 9000 J
| |0.17  Delta-Tone 3000 ho Steel blank
L 012 |Delta-Tone 3000 yes Steel blank
| |0.21  Delta-Tame 3000 ho ZniFe
L 014 |FefZngalv. yes GGAETS blank
L 016 |Fe/Zngalv. [£rE) no Fe/Zn galy.
L 014 |FefZngalv. [£rE) yes Fe/Zn galy.
L 014 |FeiZn galy. [ZrE) yes steel blank,
L 0,22 ZniFe no Dacromet 500

o

The friction coefficients for the most important pairs can be selected from the database delivered with the
program. The database values can be modified and appended as required.

With newer versions of SR1 (V11.0) you can enter maximum friction values. SR1 calculates minimum torque
MAmin from alphaA and friction tolerance. By entering Sigma coefficient, SR1+ calculates Gaussian
distribution of FM and reject rate from statistically added tolerances.

If you use prevailing torque bolts or nuts, enter the prevailing torque at MApre.

At “Edit->Calculation Method”, you can set input of min. Friction coefficients or min/max.
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5.3.8. Tightening Method

The tolerance between minimum and maximum pre-stress force depends upon the selected tightening
method choosen from the database.

Jill select tightening procedure and tool [_ (O] %]
< | - | . | . | h:happshtpher diskhehanzieh. dbf

Search | Search Mext | Cancel | Help |
alfa_al dev_per_cl tight_meth | adj_method

| 118 3.0 yield point controlled

L 110 9.0 Ratation angle controlled

L 140 160 Hydraulic tightening b length- or pressure contral

L 150 200 tarque cotrolled by tarque wiench test method with original bolted joint

L 160 220 targue contralled by torque wrench

L 1,70 250 targue contralled by torque wrench by estimating the friction coeff.

|| 210 340 targue contralled by torque wrench

| 1320 504 impulze controlled

KN i

This database can of course be appended as required. The abbreviations have the following meanings:

si gn meani ng
ALFA A ti ghtening factor al phaA
dev_per_c devi ati on +/- percent

ANZ_METHOD  tightening nethod
EI NST_METH setting nethod
BEMERK remar k

The tightening factor and scattering are related directly to each other, the program uses only the tightening
factor alphaA. Scattering has been included in the database as this value generally has more meaning. The
values can be converted with the following formula:

2 al phaA
deviation [94 = ( - 1) * 100
1 + al phaA

100% + devi ation[ %

al phaA
100% - devi ati on[ %

Instead of alphaA, you can input FMmin, MAmin, or MA tolerance.
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Reduction coefficient torsion k tau
When tightening the bolted joint, the bolt is stressed with tension and torque from thread friction as well. After
tightening, a rest of torque remains. VDI 2230 recommends to calculate with 50%. Reduction coefficient

depends on the tightening method. For hydraulic tightening with pressure to the clamping plates you can get
tau k=0, the best case.

Reference stress Signma red,B = (sigma2z + 3( kt* tmax )2 )%5

Yield Point Factor and Tightening Torque

How strongly the bolt needs to be tightened can be defined from the tightening torque MA or the yield point
factor nURp. A yield point factor of 1 means that the bolt is tightened until the tightening tension has reached
the yield point. Usually a value of 0.9 is used for torque controlled tightening tools. SR1 calculates and
displays the marginal torque at which the yield point is reached when you enter the tightening torque. Usually
one tries to reach the point where the bolt is tightened to a maximum (approx. 90% of the yield point). Should
such a high clamping force not be required or the surface pressure becomes too great then check whether or
not a cheaper bolt with lower strength, or the next smaller size would be suitable for the application before
you reduce the tightening moment or yield point factor.

=101 x|
_?:IC\;"EIHS;;;S:;;;' A tightening procedure I
DI 2230 - 19982 [Draft] setting pracedure I
(o [l el reduction coefficient k tau ID.S LI
€ Mut driven
s pE=016+125%
ID ] < |
& wEs yield point Factar for ightening WK = 0126220 %
© Mbmas tightening torgue ka,max [141.8=max.] |12? BAZE Nm Fh = 53608 + 23,08 %
© FM.max aszembly prestress. force FM maw (7331 0=max ) [E5973.16 W MA =116 9MNm+92
— Ma& min
Tightening Factor aphas [1.6 H
" alpha &
O TolMa % tolerance torque MAtal/MAnom |9.1 T4E7E| &
= WA min min. tightening tarque Mamin |1 0E.1920 Mm Hifstext |
" Fid.min mit. assembly prestress. force FMmin |4T 23E97 N Abbrechen |
Sigma |3 LI oK |

Alternatively, you can enter the tightening torque MA or the assembly prestressing force FM, then SR1
calculates the yield point factor.

Calculation Base
The VDI2230 draft of 1998 uses another equation for tightening torque, this results in a higher value for MA.

Bolt/Nut driven

For nut-driven joints, SR1 uses the friction diameter between last plate and nut. The friction coeffient pK
means the friction between nut and last plate for this case.
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5.3.9. Eccentric Load Introduction

SFH Bolted Joint Design - 3e.5R1 | _ (O] %]
File Edit “iew [CAD Databaze Document Help

Cross—Seciion A—A;

- a

f F A
[
| !
Vo u
T
Y 1
J __J_ l T B Croos—sectlilon of pending body B-8:
BT | TB
[g.] | Bers
|_Bers
°® 0s (with bore}
ECCENTR Sourca: WD F230
SR1  Eccentric Application of Load

FRAE/9%
—

The non-central tension of a bolt joint causes, in addition to the longitudinal deformation, also a bending
deformation of the clamped pieces, which also cause additional longitudinal deformation. Several additional
entries are required when calculating with eccentrics.

Whereas when calculating with concentric load it is sufficient to enter an equivalent diameter for the cross-
section of the clamping piece, with eccentric load the exact measurements are required, namely:

1. Geometry of the seam area

2. Geometry of the bending body

In the most simple case, the cross-section of the seam area and the bending body is identical. In the most
difficult case, the bending body has several steps so that a substitute bending body must be used in order to
calculate the cross-section and surface moment of inertia.

The eccentricity s is obtained from the position of the centre of gravity of the bending body in relation to bolt
axis. The centre of gravity axis is also the datum axis for the input of the distance in relation to force effect
line a and rim distance u and v. The eccentricity s is negative when the force effect line and bolt axis are on
opposite sides of the centre of gravity axis.

AD is the seam area surface of the bending body minus the surface of the through-hole for the bolt (A BT - A
H). Entering 0 is only correct for cylindrical, non-stepped clamping pieces.

| BT is the moment of inertia of the seam area surface which is to be calculated for the individual geometry.
By entering 0 the surface moment of inertia of a hollow cylinder with the cross-section AD will be suggested
for use.

IBers is the substitute moment of inertia which should be selected for stepped bending bodies. IBers is the
same as the moment of inertia 1B from the surface of the bending body AB for cross-sections which remain
the same. The program suggests the moment of inertia of a cylinder with the cross-section AD for
calculation.

iBers is the substitute moment of inertia with drilling. By entering 0 the moment of inertia will be calculated as
the difference between IBers minus the drilling moment of inertia.

When more than two clamping pieces are defined, you will be asked between which two pieces the bending
body calculation should be carried out.
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5.3.10. Temperature

The clamping force will increase or decrease at working temperature, if you use different materials for bolt

and clamping plates. The length difference is calculated with:

delta L =L * alpha

The temperature coefficient alpha is loaded from the material databases MAT_BOLT (bolt) and PRESSUNG
(clamping plates). The reference temperature (room temperature) was international standardized to 202C
and should never be changed. Yield point and e modulus of materials are temperature-dependent as well,

data are loaded from following data bases:

MAT_B_RE.DBF: yield point of bolt, dependent from temperature in °C

EIMAT_B_RE Re =fT)['C] S[=] B3
I"| /| h| H| .|.| _| = 5\,| ("|F'ac:k| h:happsitpher diskhebmat_b_re. dbf
Search | Searchﬂextl Cancel | Help |
klasse [t_max[re20 [re100]re200] re300[re400] 12500] reB00] re700] ﬂ
p[123 450 (11001020 (925 (825 680 450 (0 |0
| |11 450 |1034/950 850 (760 EBO 430 0 O
| |108 450 940 (875 790 (705 E40 400 0 O
| |as 400 (720 (670 G20 (560 410 0 0 O
| |s8dc=16 400 540 530 (540 480 (330 0 0 O
| [28d>16 400 640 590 540 (480 (330 0 0 0
| [ss 400 480 (430 390 (330 180 0 0 O
| |56 400 (300 (250 210 (160 110 0 (0 O
| |28 400 (300 (250 210 (160 110 0 (0 O
| |26 400 (240 (210 190 (140 30 0 0 O
| |36 300 190 160 140 (100 70 0 0 O
| [F145 0 %0 0 0 0 o 0 0
| [F160 0 400 o0 0 o o 0o 0
| [c1-50 0 w0 0 0 o o 0 0
| [c1-7o 0 400 o0 0 o o 0 0
| [c3a0 0 B0 0 0 0 0o 0 0
| |c450 0’0 o0 0 o o 0 0
- |

MAT_B_E.DBF: E module of bolt, dependent from temperature in °C

MAT_P_E.DBF: E module of plates, dependent from temperature in °C
If no E-modulus was found in the database (E=0), SR1 uses an approximate calculation:

E20 - T * 72.5 E20 = E-Module at 20°C
E = T = Tenperature in °C
E20 - 20 * 72.5

If no database values are available for the warm yield point, SR1 uses another approximation formula:
Re = Re20 * (1.018 - T/1120)

Re20 = yield point at 20°C
T = tenperature in °C

If no database values are available, SR1 generates a warning.
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A temperature calculation page is added to the printout, if reference temperature and working temperature
differ.

Room t enper at ure TO °C 20

Wrking temperature T ¢ 300
Length change, screw delta LSmm 0.515
Elasticity modulus, screw  ES  Nmf 206000
Elasticity modulus, screw 300  ES300  Nmmé 185000

i 20 [fTm} 1300 nm E N mm? E 300 d20 mm N d300 nmmi N
1 60.000  60.193 210000 185000  0.218E-6  0.247E-6
2 50000 50.364 44000 23008  0.601E-6  1.150E-6
'3 50000 50.126 125000 104462  0.212E-6  0.253E-6
Lengt h change, cl anping piece delta LP nm 0. 683
Elast.conpliance, screw delta St miN 2 464E-6
Elast.compliance, plate delta Pt miN 16566
Yield point, screw  Re  NmE 0a0
Yield point, screw3006C  Re300 Nm¥ 705
Clanping force loss, work.temp. delta FMN ~a0831
Mbunting pre-stress force 300sC FM300 N 200196
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5.4. Output

The calculation results can be printed out as text or displayed on screen, in addition it is possible to display
or printout a hardcopy of the load-extension diagram of the calculated bolt joint as a graphic.

5.4.1. Printout
All input and calculated data can be displayed on screen, printed out or saved to file. The printout design
(separating line *** or ====) can be configured under Edit->Settings->Printout.

Output to Printer

The printer interface (LPT1 thru 4) can be configured (see Chapter 4). The configured printer type is
irrelevant for text output. The printer character set should be configured for PC so that special language
characters and special signs can be printed out. For printers with manual individual page loading, the
printout can be stopped after each page (pause after each page).

Output to File
The output can be diverted to file, if for example no printer is currently free or installed. A file name must be
entered (e.g. SR1.0UT). The file will then be stored in the SR1 directory.

Printout Description

SR1 V4.6 calc. of bolted joints to VD 2230 page 1
R S TECHNOLOG ES Farnington Hills

User: TRAIN File: 1E 11/10/ 1996

0O O o o o o o

s

o
bolted joint in a hydraulic cylinder °
application example 1 °
from VD 2230 °

o

[TT © © © © 00— 0 0 0 0 0 © ©

BOLT: DIN 912 - M2 x 60 - 10.9

i de [mm di [mm [ [ A [m?] x[ mi delta [mMm N|

The bolt part-cylinders are numbered with the index i. The index G3 characterises the part-cylinder with the
non-screwed in thread part of the bolt. The entered diameter and lengths are da, di and I. A stands for the
cross-section of the part-cylinder. The core cross-section Ad3 is relevant for the calculation of the elastic
compliance in the thread free part G3. x is a consecutive coordinate for the end of the respective part-
cylinder, commencing with x=0 at the bolt head. & stands for the elastic compliance of the part-cylinder, this
is in proportion to the screw extension.

rated diameter of thread M nm 12. 00

thread pitch P om 175
stress cross-section  As  om 8430
diameter to As s  om  10.36
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edge di anet er dz2 nm 10. 87

mnimumoutside diameter  do  om  10.36
minimmcross-section o om 84.30
yield point  RoO,2 NmE 00
max. tensile stress (at FM Sigrm 0 NmE 680
Young's modulus  ES  NmE 206000
bolt length up to head | om 60.00
thread length 16 om 30.00
head diameter DK om  18.00
min dia of head seat aw  oom 1723
gripof bolt Ik om 22.00
equivalent length  lequ  om 33.82

The index O of the smallest outer diameter and its cross-section is necessary for the calculation of the
greatest occuring tensile stress. For DIN shaft bolts this is the stress cross-section, for special bolts this can
also be the smallest diameter of the part-cylinder.

The clamping length IK is the total height of the clamped piece. | ers is the substitute length for a bolt with

thread along its whole length with the same elastic compliance as the bolt used. The substitute length is
necessary for eccentric load.

CLAMPI NG COMPONENTS ( DI MENSI ONS)

i de [mj di [rmj | [m] x [m] A equ[mt] d equ[ ]

1 80.0 13.5 42.0 42.0 525.1 29.2

da, di and | are the entered diameter and lengths. x is the consecutive coordiante for the end of the clamping
piece from the bolt head.

A ers is decisive cross-section for the calculation of the elastic compliance. For large "da" the cross-section
used to calculate the elastic compliance is composed of a substitute pressure part with the diameter "ders".

Material, E modulus and p adm. are values from the material database.

A maximum occuring surface pressure in relation to the next clamping piece, head or nut seat is calculated
for each clamping piece. The greatest surface pressure value in relation to the neighbouring piece is output.
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delta is the elastic compliance of the clamping piece.

BOLTED JONT: ternin. bolted joint

t hread depth tG nm 20.0

bore depth t om0 25.0
ELASTICI TY

Elasticity bolt sect. ‘deltais miN  1.288E6
Elasticity free thread delta G miN 0.764E-6
Elasticity head delta K miN 0.206E-6
Elasticity thread delta G miN 038266
Hasticity nut delta M miN 0.206E-6
Elasticity screw deltas miN 2.846E-6
Elasticity plates delta P miN 0.38E-6
SPRI NG RATE

Spring rate screw RS  Nmm 351483
Spring rate plates  RP  Nmm 2. 62566
ELONGATI ON

El ongation screw _f_ég/l______;’r_n __________ 6_16 ___________
Shortening plates M om 0.0215

FLEXURAL ELASTICITY

bolt grip ratio | k/d 3.50

flexural elasticity screw beta S 1/ Nmm 0. 355E-6

The elastic compliance deltaS of the bolt is the sum of part-cylinder compliance, with the addition of the bolt
head, thread and nut compliance.

The elastic compliance deltaP of the plate is the sum of the compliance of all clamping pieces. The elastic
bending compliance RS of the bolt is necessary with eccentric load.

LOCAD

max. tensile force PR N 24900
min temsile force  FA N o
shearing force ~ FQ N o
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reqd. residual clanping force FKR N 1000

m n. residual clanping force FKm n N 9672

theor prestressing force for Ro0.2FMRp N 62670
assenbly prestress. force ~ FM N 56403
max.req.assenbly prestress. force FMmx N 42527
min.req assenbly prestress. force FMin N 26579
total amount of settling iz o 0.00504
prestress. force loss thr.settling iz N 1561
req.prestressing force R N 25018
mn prestressing force ~ Fvmn N 33691
max.prestressing force  Fvmx N 54842
suppl . bolt force fromFA  Fsho N 881.9
suppl . plate force fromFA  FPAO N 24018

For an explanation of the calculated forces please see under Load Extension Diagram.

DI STRI BUTI ON OF FORCE

i ntroduction of force: to the clanping piece 1

share of elastic.on introd.force deltal 0. 267E-6

application of force: at the nut thread

force ratio phi K 0.118
force ratio phi n 0. 035
force distribution factor n 0. 30

Force distribution factor and force ratio are calculated from the locations of the force introduction and the
elastic compliance of the bolt and clamping pieces.

VI BRATORY STRESS
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Permanent breakage when sigmaa becomes greater than sigmaA !

FRI CTI ON
coeff.of friction in thread nG 0. 140
coeff.of friction in head seat pK 0. 100
coeff.of friction in nmould seam  puTr 0.120
ASSEMBLY

tighteni ng procedure: torque controlled by torque wench

yield point tightening factor nue Rp 0.90

tightening factor alpha A 160
dispersion of assenbly force w 23.1
tightening torque screw M\ Nm  110.2
tightening torque f yield point MARD  Nm 1225
tightening angle alpha M deg 37.44

MA is the tightening torque representing a tensile stress in the bolt which is 90% (nue Rp) of the yield point.

FACTORS OF SAFETY

saf ety agai nst | oosening FM FMrax 1.33

safety against overelongation  Ro/sig.0 138
safety ag.fract. (stat.)  Ro*A0/(Fvmax+FSA)  1.42
safety ag.fatigue fract. (concen.) sigmmapernisigmea 8. 69
safety plate surface pressure  ppermp 110

All Safety factors must be higher than 1.0'!
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5.4.2. Load Extension Diagrams

SFH Bolted Joint Design - 1e.5R1 M= 3
File Edit “iew CAD Database Document Help
F ] i i Load
oad:

muug.....l_-_c{?(_j_ _E_)Et_e_r:l?!?rl_ _D_I_a_g':a_n? ___________ F = 25018M

" j Fhi-Fp= 62647 M

. , Fh = SE352M

' ' Fhirmax= 425270

N SO S IO RS { \ Fhimin= 28579N
EDDDD:_ . Fao = 249000

. , FKR = 1000r

' ' FSA = 882N

O P S IR S A A | FPA= 24018M
SDDDD:_ . FZ = 1561M

: : Coeflicients:

O P S TR VA L =030
40000!_ ' phi n = 0.035

. ! alpha a = 1.60

- : Functions:
SDDDD?- . FSA= phin* FA

' | Fv=FA+FKR-FSA

' ! Fi = FSA+FPA
0000k - - o oo ' FMmin = Fv+FZ

| . Fhimax = FMmin*al.a
10000k - - - - -- -
oo ;

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.0F [mm]

Load extension diagrams can be graphically displayed on screen. It is also possible to output to CAD or desk
top publishing via DXF or IGES files. With the supplementary software DXFPLOT, you can output scale
graphics and drawings to plotter or laser printer.

All forces and extensions from the calculation are shown in the load extension diagram.

FV is the necessary pre-stress force calculated from the residual clamping force and tensile force.
Fmmin,req and Fmmax,req are the calculated necessary assembly forces. The actual maximum assembly
force is FM. FM-Re is the theoretical assembly force in case the bolt is to be tightened up to its yield point.

FMmin,req is the lowest necessary assembly pre-stress force and results from the sum of the necessary pre-
stress forces FV and the settling force loss FZ. FMmax,req results from the tolerance due to scattering from
the tightening method.

With the keys "+" and "-" you can enlarge or scale down the diagram, or zoom window by left mouse key.
You can move the diagram in all four directions with the cursor keys. The right mouse button will return you
to the original diagram. A copy of the diagram can be printed out with "File-Print".
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Load Extension Diagram (Assembly Condition)

=lnix] ~lalx]
File Edit Yiew CAD Database Document OLE Help File Edt Wiew CAD Dakabase Document OLE Help
P | sad Extension Di Assembl Loas "M | oad Extension Diagram (Assembly ) Lead
oa
oad Extension Diagram (Assembly req.) g ly Fomin regm 25694

FUrin,re= 25684 M B0E3-
FMRe =72114N :
Fi max = 64902 N
Fimax reg= 47797 M
FMrmin,reg= 28116 M
FAmax= 24800 N

H H ' ' H FMRe =72114 1M
| | H H H FM max = 54902 N
Furnec = B2481 N
FVrmin = 35756 N
Famax= 24900 M

= F RN peeeaneans et L SR S [ ;

FZ = 2421 N FZ = 2421 M
Coeflicients: Coefficients:
alphaa=1.70 alpha a=1.70
Functions: Functions:

FM max= FMRe * nue
Fra = FM max - FZ
Frmin = FM,min - FZ

Fhirmin,req = Fureq+FZ
Fh e reg=F M min, real. a

frmm)

n.os

These diagrams shows the forces in assembled unloaded state.

FM,max is the assembly force which occurs when the bolt is tightened a tension of 90% of the yield point
(Factor nue).

FZ is the settling force loss which results from evening of the surface irregularities.

FVmin and FVmax are the smallest and greatest pre-stress forces affecting the bolt.

FV is the required pre-stress force which is dependent on the amount of the attacking tensile force, the force
introduction factor and the necessary residual clamping force.

Load Extension Diagram in Working Condition

The diagram shows clearly how the influencing tensile force FA affects the joint. For dimensioning, the
external axial force FA is used together with the necessary pre-stress force FV or otherwise with the
maximum and minimum occurring pre-stress force Fvmax and FVmin. This diagram shows only the forces
which occur in connection with the load on the bolt joint due to the axial force FA.

[llsr1+ Bolted Joint Design - 1_2001.sr1 —|ol x| [llsr1+ Bolted Joint Design - 1_2001.srl =]
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F M F M) . . . - .
Load: Load Extension Diagram (Working condifion min.) Leat

FYmin,req= 25694 N AOEF 7eeemmmmgeeeeeomam, SRR S SN , | fumin - esreen
! FKreg= 1000 M
FKR= 11062 M

Farnax= 24300 N
FKreg= 1000 N
FS&= 208N

' FPA = 24694 M FSA= 206N
P =5 R SO S S S FPA= 24594 M
: Coefficients:
n= 0.07 Coeflicients:
B phin= 0008 n= 0.07
| ' ' . i i phin= 0003
20EF 4 -oomeen A e S S i Functions

FSa= phin*FA Functions:
FV = FA+FKR-F54 FS&=phin™Fa

Fv=FM-FZ

: : : H H | FA=FSAFPA FA=FSA+FPA

: : : H H | FKR=Fv-FPa S e
15E37: 7777777777 :r 7777777777 [ S 1] FKR=FV-FPA
Ll R e T S
L oyt S S

F[mm] v flmm]
0
002 012 01  -008 006 -004 002 O 0.0z

-0.1 -0.08 -0.06 -0.04 -0.02 1}

FV is the necessary pre-stress force which is dependent on the at external tensile force FA, the force
introduction factor n and the required residual clamping force FKR.

The additional bolt force FSA is dependent on the size of the axial force FA and factor n resulting from the
force introduction positions. It is the part of the axial force FA with which the bolt is additional loaded.

The additional plate force FPA results as the difference between the axial force FA and the additional bolt
force FSA. It is the part of the axial force FA which removes the load from the clamping pieces.
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5.4.3. M-alpha Diagram

llsr1+ Bolted Joint Design - 0.5R1
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The M-alpha diagram shows the tightening torque as function of the bolt assembly angle (Proj.from elastic
origin). MA is the torque according to the entered values. MA Rp is the Torque until yield point of the bolt,
and MA Rm until tensile strength. Also there are marked the torque without head friction (MG), and the
theoretical torque MA Rp (u=0) without friction. Yield zone and tolerance zone (friction and alphaA) are

hatched at the diagram.

F-alpha-Diagram

The F-alpha diagram shows the assembly prestressing force FM as function of the bolt assembly angle

(Proj.from elastic origin).
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Furmax = 545210

MA Rp = 122.4 Nm
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5.4.4. FM-MA-Diagram

The FM-MA diagram shows the dependency of the pre-stressing force from the tightening torque. FM-Rp u0
is the theoretical line without friction. FM is the pre-stressing force according to the entered ni Rp, FM-Rp at
yield point, and FM-Rm at tensile strength of the bolt.
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5.4.5. FM Statist.
This chart shows the statistical distribution of the clamping load FM. It depends on FM,min and FM,max and
the Sigma coefficient entered at “Edit->Tightening”.
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5.4.6. View Material

Here you can list the material data included in the databases mat_bolt.dbf, pressung.dbf and mat_p_1.dbf.
Temperature-dependent curves of yield point Re and modulus of elasticity E are drawn only if data available
from databases mat_b_re.dbf, mat_b_e.dbf, mat_p re.dbf, mat_p_e.dbf.
Click into buttons “<” and “>” to show previous/next record and “OK” to return to menu.

O[]

[llsr1+ Bolted Joint Design - 1_2001.sr1
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You can have a diagram of the calculated bolt displayed. Under "CAD" you can have the file exported to

CAD via the DXF or IGES files.
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View Load

Load-Extension diagram and tables with load data and formulas, sorted for input data, required load and real

load.
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5.5. CAD

The calculated bolt joint can be created as a drawing via DXF or IGES files, output to screen is also possible.
The drawing files can then be loaded, edited, plotted or included in construction and combination drawings
with CAD systems which have the appropriate interface.

When you choose to create DXF or IGES files the file swill be stored in the SR1 directory if no other CAD
directory has been configured (see Chapter 4: Configuration). We recommend that you first display the
drawing on screen to see if it is in order. When outputting as a CAD file you have to give the file a name
(without the ending DXF or IGS)

You can display a front or side elevation, however the only difference is in the bolt head and the nut. The top
elevation shows the bolt head, the bottom elevation shows the nut.
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Top elevation bolt joint Bottom elevation bolt joing
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Table Drawing
The drawing contains tables with the most essential data and results of the bolted joint.
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5.6. Database

Most of the data for for input, calculation and drawing of the bolt joint is taken from the database delivered
with the program. You can alter individual data fields or append with new data records, e.g. for a thread M15.

The SR1 database fields will be explained shortly.

For database input, please also read the explanations on pages 5-4 and 5.5.

5.6.1. Thread Database

Databasze Thread M= 3
H| - | . | H| g | _| 2|7l | F'ac:kl h:\appsitphar] disk\elgewinde. dbf
Search | Search Mext | QK I Cancel | Help |
name [d [e [tve] A
| |M27 27.00 3000 M
| [M30 3000 3500 M
| M33 3300 3500 M
| |M36 36.00 4000 M
| M3 39.00 4000 M
| [M4e2 4200 4500 M
I R 43.00 5000 M
| |M56 56.00 5500 M
N 6400 6000 M |
| |M72 7200 6000 M
| |Ma0 a0.00 6000 M
| |30 90,00 6000 M
| {mM100 100,00 6,000 M
| [M110 110,00 6,000 M
| [M125 125,00 6,000 M
| [M140 140,00 6,000 M
| TEEN 150.00 6.000 M
[

The abbreviations have the following meanings:

sign meani ng uni t

D nom nal di ameter of thread __________“—r_n_n __________
P pitch  m
A stress cross-section of thread ~  mf
B core diameter om&
T thread type(Memetric Nemetr.fine)  “M,°N'
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5.6.2. Bolt Head Database

The most common bolt head shapes are available in the SR1 database. The field descriptions are stored in

the matching help pictures.

Database for Hexagon Socket Head Screw

[llhexagon socket head screw =10 x|
Fils Edt View Help

| oo ||| =]a] ||| seach | seachhes | Cancel

D [iNFo1  JL_THREAD [w KEY  [H_HEAD [OPTH KEY [D_HEAD [Dw [R_HESD  [=]

Il 155 ANSIB15A E 157 195 0,74 El 251 015

] 210 ANSI 153 E 198 218 0.9 355 332 0z

|| 251 ANSIB18.3 10 1.98 251 112 409 383 [

] 284 ANSI 183 11 238 284 1.29 454 434 02
Il HEEE 18 25 E] 7 55 507 0z

] 3 DIn 7384 12 2 E] 15 55 484 0z

|| 3150 4782 18 25 3 13 55 507 03

] 318 ANSIB18.3 18 23 37 145 5,21 43 [iF]

Il 35DIN 312 18 25 35 205 6,25 EE 03

] 35T ANSI 153 18 27 351 163 574 54 a3
|| NEEH 20 3 4 24 7 653 04

] 4 DN B912 14 E] 28 15 7 52 04

Il 4 DIN 7384 14 25 28 23 7 52 04

] 4150 4752 a0 3 4 2 H 653 04

|| 417 ANSI 183 20 350 416 1.96 6.86 652 04

] 483 ANSI 183 il 39 483 229 792 757 04

] HEEE 2 4 5 3 85 803 04

] 5 DIN B312 16 4 35 2 85 77 04

[ AN 1 7934 16 3 35 27 85 w7

4

Database for Hexagon Head Bolt Heads

exagon head bolt (C:\YOI

Fle Edit Yiew Help

0[]

H|4|>|H|+|—|A| |5.’|(~| Search | Searchﬂextl oK

] [INFo1 [ THREAD [w FLATS [H_HEAD [H_BEARING[DW [F_SHENE [LMIN <]
O 3150 404 12 55 2 015 45 [ 20
L 4/150 44 14 7 238 015 53 02 5
H 5150 4014 18 3 35 015 [X] 0z 5
H §/150 40114 18 10 4 0,15 23 0,35 n
L 6,35 ANS| HEX 19,05 1113 478 i 1073 076 i
L 7 20 1 48 015 98 025 Ell
L 7.34|ANS|HEX 2223 127 5.97 04 12.29 0.7 i
L 8150 4014 22 13 55 015 e 04 35
H 953 ANS| HEX %54 1427 681 04 1382 0,76 i

L 10 DIN 931 » 17 7 015 156 04 -]
L 10,150 4014 7 16 B4 015 145 0.4 40
L 10 2 15 4 0.45 138 0.4 i
H 11,11 ANSIHEX 2857 15,88 8,03 04 1532 0,76 i
W 12| DIN 931 E3 13 3 015 174 06 45
L 12/150 4014 * 18 75 0.45 168 0§ 45
L 12,7 ANST HEAVY 375 2222 82 04 20 i i
127 BNSIHEX 3175 19.05 9,25 04 18.41 0,76 o
H 14 40 ] 23 0,15 05 [iY3 50

14/150 40 2 88 0.45 196 [iT3 50 -

_1 » Z

Database for Slotted Countersunk Screws (DIN 963)

JlDIN 963 slotted countersunk (M3..M20)

..‘ <| ..‘ ..| +‘ _| - hi\appsitphsr diskhetdindB3. dbf

e e

Search Seaich Next

Cancel |

[_ (O] ]

Help

SR1 .
Edit View CAD Database Document

O[]

Help
D : mominal digmeter
RHEAD R _SHANK L_THREAD : thread length
/ H_HEAD : heod height
. W_KEY  : key width
3 - DPTH_KEY : depth af SW
Ll = :
Il “+-B—FE+— — — ‘7r:. D_HEAD head diameter
| g DWW min. OD bearing
R_HEAD heod rodius
DPTH_KEY L_THREAD R_SHANK shank radius
— L MM L_MIN Min. Length
H_HEAD [ L_MAX Moz, Length
I Sewce: etz
SR1  Bolt in accord. with DIN 912
TR |

5R1 Bolted Joint Design - D.5R1

[ (O]

Fie Edit View CAD Database Document Help
5
=
Ey
ot
b : nominal diameter
N L_THREAD : thread length
Z H_HEAD head height
x W_FLATS : key widih
T Tm T T T %y |p-BEARNG min head seot
1 R _SHANK shank radius
Bl | THREAD L_MIN min. length
I L_MAX max. length
L_MIN
H_HEAD L_MAx
T
DING 3 Source: DING 3T
SR1  Belt according to DIN 931
SR1 Bolted Joint Design - 0.5A1 [_ O[]
File Edt View CAD Datsbase Document Help
(=) =
= DPTH_SLQT
T = o : nominal diameter
ol = R_SHANK L_THREAD : thread length
H_HEAD : head height
|\ D _HEAD head diameler
T — — _— |D: DETH_SLOT slot depth
W_SLOT  : slot width
R_SHANK shank radius
L_THREAD L_MIN min. lengih
L_MAX max. length
H_HEAD
L_MIN
L_MAX
DINGES Source: DINSEZ
SR1  Belt according to DIN 963

SR1
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Database for Slotted Raised Countersunk Screws (DIN 964)

wl<vlmis =n

IN 964 slotted raised countersunk [M3..M10)

] e ek

Search Search Mext

[ (O] ]
h:happsttphar] diskvehdind64. dbf
oK | e | Hew |

|_thread| d_headl h_headl dpth_slotl w_sloih_oval_hdl r_shankl Lmin  |_max
0 0, 0.20

1900 5E0 165 08 ] .8 400 30,00
2200 FEO0 220 10 12 10 030 500 3500
2500 920 250 15 12 13 030 600 (50,00
2500 1100 300 18 16 15 030 800 |50.00
3400 1450 400 21 20 20 030 10,00 5500
4000 1800 500 24 25 |28 030 12,00 6000

Database for Slotted Cheese Head Screw (DIN 84)

Help

IN 84 slotted cheese head (M
Feappsiiptsr] disk e ding4. dbf
| ] | =]
S Search Next ok | cacel |
| thiead]d_head[dw  [h head]dpth_siot]w_siof]i_shark[Lmin_[I max |
1600 360 (348 130 06 05 010 300 2000
1800 450 418 160 07 06 010 300 z000
1900 550 507 200 09 08 010 (300 4000
2200 700 653 260 12 10 020 (400 4500
/00 850 803 330 15 12 020 B0 5000
800 1000 938 390 16 16 025 800 5000
3400 1300 1233 500 21 20 040 1000 5500
4000 1600 1533 600 24 25 040 1200 6000

SR1 Bolted Joint Design - D.SR1

Fie Edt View CAD Database Dgeument Hel

[_ O] <]

File Edit ¥iew CAD Database Document Help

DPTH_SLOT
] =
5l g b_OvAL_HD
I o : nominal dinmeter
al| = R_SHANK L_THREAD : thread length
H_HEAD : heod height
D_HEAD : head diameter
HUT— — — |.:.# DFTH_SLOT slot depth
W_SLOT @ slob width
H_DVAL_HB aval—head height
L_THREAD R_SHANK : shank radius
L_MIN min. length
H_HEAD L MAX max.length
L_MIN
L_Max
EliE) L
SR1  Bolt acccording to DIN 964
SR1 Bolted Joint Design - 0.5R1 [_ O] =]

Database for Slotted Cheese Head Screw (DIN 85)

JHDIN 85 slotted cheese head (M2..M10)

SEETETE=E

e e

Search Seaich Next

i appstiphor] disk e elings, dbt

o]

Cancel |

[_ (O] ]

Help

[h_head]dpth_siot]w_slot]1_shark]_head] L min_[|_max
0g X 010 060

130 1) 300 2000
160 07 08 010 06D 300 20.00
20 08 08 010 0E0 300 3000
260 1.2 10 (020 080 500 40,00
330 15 12 020 100 BO0 50,00
390 18 16 025 120 800 5000
500 21 20 (040 160D 1000 5500
OO0 24 25 040 200 1200 60,00

File Edt View CAD Database Document Help

) =
a2 DPTH_SLOT
= - D : nimnal diameter
ol & R_SHANK L_THREAD : thread length
H_HEAD : head height
D_HEAD head diameler
| 1l= _ _ JT a Dy : min. OD bearing
r o DPTH_SLOT slot depth
W_SLOT & slot width
L_THREAD R_SHANK : shank radius
L_MIN min. lengih
L_MIN L_MAR max. length
H_HEAD L_MAX
DiNA4 Source: DINGS
SR1  Bolt according to DIN 84
SR1 Bolted Joint Design - 0.5R1 M= B

DINES DBF

D : nominal dinmeter
L_THREAD : thread length
H_HEAD : head height
D_HEAD head diameter
Dty : min. 0D bearing
DPTH_SLOT <lot depth
W_SLQaT slot width
F_SHANK shank radius
R_HEAD head radius
L_MIN rin, lenglh
L_MAR mazx. length

Source: DIN BS

(] =
= =
L‘I" j‘ DPTH_SLOT
Q‘ = R _SHANE
— |+E~ — — Jr 03
L
L_THREAD
R_HEAD
_— L_MIN
H_HEAD L_MAX
o
SR1  Belt according

to DIN 85

XY |
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Database for self-defined head

special head

ARIILIEIE

-

P»‘

Search Search Next

=l X

e appsitptsr] diskbehsondkopt dbf

Canicel |

Help

R1 Bolted Joint Design

[_ O] <]

Fle Edt Wisw CAD Database Document Help
o] nominal diameter
R_HEAD
= R_SHANK L_THREAD thread length
H_HEAD he¢ad height
9 D_INNER inner diametier
o o | & H_SW depth of SW
o D_HEAD heod diogmeter
T L_THREAD D min. head seot
- R_HEAD heoad radius
L MM R _SHANK sh.onlr radius
4 HEAD L MAX L_MIN min length
L_MAKR mgx |ength
SONDKORF Source: Ruoss
o

SR1

Bolt

with self—defined head

e -007

Database for Hex Flange Screw
IFI 536 Hex Flange Screw [M5._M20) [=] R1 Bolted Joint Design [_[o]x]
v [ o] ] = = | o pac he\appsitpbsr disketflangese. dbf File Edt View CAD Datsbase Document Help
Ssaich Search Nest oK | [ ] b | FLANGESC DBF
d_ [ifo [I thiead|w fats [k head]h flange[d flange[dw  [i filet [ flange[h wierchllmin [Imas [ =]
P[00 Fis 160 7o0 55 10 114 94 020 030 23 EED
[ |50 DiMeszr e mmo 54 10 118 58 035 030 20 100500
[lson Fiss 1s0  emo &8 11 136 116 030 040 24 300 60D FOFILLET R_FLANGE
[|s00 DiNesz1 180 1000 56 11 142 122 040 040 25 120 60D = - .
[ |eoo GMBtiE1a0 1000 6 11 142 122 030 040 27 300 (600 D : Nom.Serew Dia
[lsas 1/ 130 352 71 10 142 122 03 038 00 03 00 T w hiLHEiEDAD' LhreodH Length
[l7s¢ 506" 230 1270 a1 13 173 152 038 048 on 00 00 =\ riats ch;]tdh Qec‘ngs flots
800 FIG® 20 1000 85 12 170 145 040 060 38 B/ 800 — — =&l Eew : f
I (& 2[fow Min.OD Bearing
[laon DMesar2zo 13m0 &1 12 1ep 158 040 0s0 32 150800 | R ALLET - Filel Radis
[aon GMeri=2zo 13m0 &1 12 180 158 040 050 36 FI 800 4 2 RTFLANGE © Flange Fillet Rad
95 " B0 1429 593 15 6 185 03 05 00 0o 0o H_FLANGE : Flange Edge Thick
n H - 9= Edg
[liooe Fisss 320 1300 97 15 208 1BT 040 06D 43 400 1000 L-THREAD JH-FLANGE D_FLANGE : Flange Dia
[t Fs® 320 1500 86 15 223 195 040 00 37 400 1000 L H_HEA H_WRENCH: Wrenching helght
[|iooo DiMeszr 260 1500 82 15 223 136 040 0B 36 00 1000 L_MIN Min. Length
[liooe GMBrEaz0 1500 104 15 223 136 040 06D 46 400 1000 L_MAMN Max. Length
[l 776 230 1588 117 18 238 216 038 08 00 00 (oo
[z Fisss 30 1500 119 18 247 225 080 07 64 450 1200
LI SRIE-102 Source: M1 536 /538
e
=
SE1 Flange Screw to IFI 536 /538
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5.6.3. Database Material (for clamping plates)

[l Material for plate / nut [_ 10 =] EIMAT_P_E E Modul = (T} [°C] M= B
K‘ <| __‘ H‘ +| _‘ A|M‘ }\,‘ (_|Fack| h\appsutpher] disk’e\pressung bk r" /| »‘ H| +‘ _| . ‘ = (_|Pack| h\appsstpher] disk\e\mat_p._e.dbf
Search Search Nest oK | " Eancel | Help | Search Search Mest OK | Help |
material [z [m [ppem|beta m|s modulsipha t [info | =] [ [werkstott [s20_ [e100 [e200 [s300 [s400 [es5o0 [e600 [s700 | iI
CEEEE 105011200750 | 0577 205000 00000115 [¥[5t 37 (1.0037) 210000 205000 135000 185000 175000 165000120000 0
[ |42 Cimtoa 850 1000850 (0577 205000 0,0000115 5t50(1.0050) 210000 205000 195000 185000 175000 165000130000 0
W CEREE 240 370 (260 (0577 210000 00000115 []c 45 (10503 210000 205000 195000 185000 175000 165000 130000 0
[ |aist 1020 250 380 (210 0577 210000 0,0000115 | [42EMas 210000 205000 135000 185000 175000 165000120000 0
[_[#151 1045 HEAT TR, 600 800 700 (0577 210000 00000115 30 CiliMo 8 210000 205000 135000 185000 175000 165000130000 0
|51 1050 320 600 (420 0577 210000 0,0000115 [ ] 5 crimo 1810 200000 195000 130000 185000 180000 170000 160000 150000
[_[#1s1 304316 320 500 210 0577 203000 00000115 |_[=10CiMo 133 200000 195000 130000 185000 180000 170000160000 150000
| [4151 4140 HEAT TR, £50 1000850 0577 205000 0,0000115 Stairless steels,hardened 200000 135000 130000 185000 180000 170000 160000 150000
|_[#1s1 4340 HEAT TR 10501200 750 | 0577 205000 0,0000115 | [ |Pure Titsrium i 0 0 i 0 0 i 0
|_[ar1100H12 140 160 140 (0440 72000 0,0000235 [ [Ticakay 0 0 0 0 0 0 1] 0
[ a1 11000 35 90 (35 0440 72000 0,0000235 [ |56 1508015 i 0 0 i 0 0 i 0
[_[#160810 55 124 |55 0440 72000 00000235 [ |66 25106025 i 0 0 i 0 0 0 0
NEERE 275 310 (275 0440 72000  0,0000235 |66 350603 0 0 0 0 0 0 [ 0
|21 707518 503 570 (503 0440 72000 0,0000235 [ |56 40105040 i ] ] i ] ] i ]
& die st 220 300 (220 0500 44000 0,0000235 [ |66 33 i 0 0 il i i i i
[ [#4 pemanent mold cast 140 200 140 0500 44000 0,0000235 7|50 Mgaia 0 0 0 i 0 0 i 0
W 100 160 140 0440 72000  0,0000235 |Gk Matis 0 0 0 0 0 0 0 0
=l B =l

Si gn Meani ng Uni t

MATERI AL Materi al nane

BETA B shear factor (0.577 for steel)

Temperature-dependancy of E-Modulus
The MAT_P_RE database is linked with PRESSUNG.DBF via the MATERIAL field. Therefore, MATERIAL
name in the two databases must be exactly the same.

Si gn Meani ng Uni t

MATERI AL Mat eri al nane
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5.6.4. Database Nut

The Database structure for hexagon nuts to DIN 934 and to DIN 6915 are identical.

atabase for Hexagon nut to DIN 934 M= B O]
= e\ appsiiptsr] diskhehdind34 dbf
M|<‘b|u‘+|—‘Ap/‘ §\|(I‘Pack| D‘N6915DBF
Seaich Search Hest o | b | DINS34.DBF
d  [h_nut [w_flats [d_bearing[infol infa2 =
DEEREE R
1E0 400 (320 |DINSHM
160 400 (310 AN D N nominol diameter
200 500 (410  |DIN 934 H_NUT  : height of nut

200 500 (410 |ANSIT

240 550 (450 |DIN 334

240 550 480 ANSIT

290 G50 460 ANSI2

280 B00 (510 ANSI1 |
330 B0 (510 |ANSI2

320 700 580 |DIN 334

W_FLAT : Width across flats
D_BEARING rmin. OD beoring

320 700 (530 ANSIT |
380 700 590 ANSIZ [ ‘ ] T
400 800 680 |DIN 334

470 800 (S0 ANSI1 é

510 800 (B30 ANSIZ D _BEARING

500 1000 (880 DIN 934 ‘
= NUT Source: DING 34

e

SR1 Hexagon Nut

i
Hexagon Flange Nut
atabase for Hexagon nut to ANSI B18.2.4.4 M= SH1_Bolted Joint Design - 0.5R1 [0
Fie Edt View CAD Database Document Help
] ol o | o] 8] =] 2] 2] 5] | Pec Fehappstphar] diskielangnut dbf
S Search Next ok | Eancel | Help | FLANGNUT. DBF
d  [ifo [w flats [h_nut [h fangs[d fange[dw v filet [r_flangs| =
B[3sn Nob 732 43 05 107 (97 000 000
417 Mo® 874 51 05 118 93 000 000
953 55 08 127 107 000 000 RE_FLANGE
800 50 10 118 88 020 030 . 5 . Nom Screw Dia
113 B8 10 150 130 000 000
W00 B0 11 142 122 0 04D _ ﬁ el H_WUT @ Mut Height
113 53 10 150 130 000 000 = =z W_FLATS : Widih across flols
113 73 10 184 184 D00 000 e = = D : Min 00 hearing
27 71 8 172 152 0m am o L o
1270 95 10 (208 188 000 000 R_FLANGE : Flange fillet rad
1300 80 12 173 158 040 D0AQ H_FLANGE H_FLANGE : Flange edge thick.
1427 88 10 180 170 000 000 D_FLANGE : Flange dia
427 103 10 2@z 22 000 000 f=hul
500 100 15 Z1& 196 D40 08D
748 100 10237 27 om0 00
1748 118 10 24 %4 000 000
1800 120 18 20 238 040 070
LI SRIE-103 Source: IFI 1986, ANSI B1A.2 4 4
LEL
T
SR Flange Nut IFI1986,ANSI B18.2 4.4
el

SR1 5-42



5.6.5. Database tightening tool

Dalahase for Tightening tool. Tightening Factor and Dizpersion

H| - | . | bl| = | - | a5l | Packl h:\appsitphar disk\eanzieh. dbf
Search | Search Nest | Ok | Help
alfaia| devﬁperﬁcl tight_meth Iadunethud
L 110 9.0 yield point controlled
110 9.0 Ruotation angle controlled
1.40 160 Hudraulic tightening by length- or pressure control
| {150 200 torque controlled by torque wiench test method with ariginal balted joint
| | 1E0 220 torque controlled by torque wrench
1.70 250 torque controlled by torque wiench by estimating the friction cosff.
| | 210 340 torque controlled by torque wrench
| 320 50.0 impulse controlled
KIS I
Sign Meani ng
ALFA A Ti ghtening factor al pha a
DEV_PER_C Di spersion of assenbly force

The tightening factor and scattering are related directly to each other, the program uses only the tightening
factor alphaA. Scattering has been included in the database as this value generally has more meaning. The
values can be converted with the following formula:

2 al phaA
dispers. [ = ( --------- - 1) * 100
1 + al phaA

100% - dispers.[%
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5.6.6. Database Friction

[l Friction in thiead p6 |_ (O] x|
H| - | . ‘ bl| = | - | a5l | Packl h:\appshtpher] disk\elmue_g.dbf
Search | Search Nest | Ok | Help |
mue_gl SCIEW | lubricated | ik I ﬂ
L 017 | Dacromet 500 ho D acromet 500
013 | Dacromet 500 yes Dacromet 500
012 | Dacromet 500 ho Delta-Tone 9000
| |0.26  Dacromet 500 no Zn/Fe
| |0.22  Dacromet 500 ho steel blank
0,04 | Dacromet 500 yes steel blank
| {0.21  Delta-Tone 3000 ho D acrornet SO0
| 1812 Deka-Tone 3000 yes Dacromet 500
| |018  Delta-Tone 3000 ho Delta-Tone 5000 _I
| 1837 Dekta-Tone 9000 ho Steel blank
| | 012  Delta-Tone 9000 yes Steel blank.
| {021 Delta-Tone 3000 ho Zn/Fe
| | 014  FelZngalv. yes GG/GTS blank
| |06 Fe/Zn galv. (ZnE) ho Fe/Zn galv.
| | 014 FelZngalv. [ZnE) yes FesZn galy.
|_|0.14  FelZn galv. (ZnE) yes steel blank
| 1022 ZniFe ] Dracromet S00
|
Thread friction
Si gn Meani ng
MJE_G Friction coefficient thread
SCREW Mat erial / Surface of screw
GREASE Lubrication for bolted joint
NUT Material / Surface of Nut thread

Screw head friction:

of the 1st clanping plate

Si gn Meani ng

MUE_K Friction coefficient for srew head
" SCREW  Material/Surface of screw
" GREASE  Lubrication of bolted joint
" COWPONENT  Material of the ist clanping plate
Friction in the Muuld Seam

Si gn Meani ng

MJE_ TR Moul d seam friction
" KLEWET_1  Material of clamping plate 1
' SGMERING  Lubrication of the bolted joint 2
" KLEWBST 2 Material of clanping plate 2

SR1
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5.6.7. Database Washers/clamping plates
You can acces this database from the clamping plates input window.

m\w'ashel =]

K| - | » | H| + | _| A| ,,| ;,| @ | Packl b appshtphar] diskhebklemmstl dhf

Search Search Mext Ok I Cancel | Help |
hame di Ide II Imlo I :I
M 220 500 030

DIN125 (270 650 050
DIN125 (320 700 050
DIN125 (430 900 080
DIN125 (530 10,00 1,00
DIN125 (640 1250 160
DINT25 840 1700 160
DINT25 1050 2100 200
DINT25 [13.00 2400 250 _I
DINETTE [13.00 2400 3,00
DINT25 1500 2800 250
DINT25 17,00 30,00 300
DIMNEITE [17.00 30,00 400
DINT25 18,00 3400 300
DINT25 21,00 (3700 300
DIMESTE |21.00 3700 400
DINT26 (2300 3300 300

Sign Meani ng
CNAME  Info to washer or clanping plate
"o Bore diameter
e aitside diameter
s thickness of washer/clanping plate
Ciwo Additional information

5.6.8. Database Bolt length
When clicking “<” at bolt length input, SR1 gets a suitable value from the database

[l 5tandard. screw lengths M= E

,.‘ .| ,| M| + | _‘ - ‘ r,| §(| (,|Pack| hrhappshtpher diskietlschraub. dbf

Search Search Mexrt akK I Cancel | Help |
T [infal Tinfoz | =]
?H

I Y O O O T o
=
=1

L Bolt length in mm
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5.6.9. Database Bolt Material

MAT_B_RE and MAT_B_E are linked to MAT_BOLT via KLASSE field. Therefore, the text string in the
KLASSE fields must be exactly the same.

EIMAT_B_RE Re =(T) ['C] [_[O] x] il Hateial bolt = &3

heappsitphsr] disketmat_b_re.dbf V| = | . ‘ N| = | - ‘ A| ’/‘| 5 ‘ o | Packl h:happshtphsr disketmat_balt. dbf

Hep | Seach Seaich bext ok | cocel | e |

e ] ] =] 52| Pk

Search Seaich Newt oK |

Klasse \_mas] 20 e 00] 12200]r=300]re400]1=500] 600 re700) ﬂ Wasee @ |m |beta_ble_modualpha_t |infal inioZ ii
1129 450 1100 1020 925 825 B8O 450 O 0 » 1100 1220 0,577 206000 00000115
| |13 450 |1034/350 |8S0 |760 |BGD (430 [0 |0 I 1034 11720577 | 206000 0,0000115
|_[109 450 (940 675 70 705 B40 400 0D ng 940 1040 0,577 | 206000 0,0000115
L3 400|720 (670 |620 560 410 |0 0 |0 o 720 900 0577 206000 00000115
[@le8d<=16  |400 |640 |530 1540 480 330 |0 |0 |0 [|agda-16  s40 ooo 0577 206000 00000115
[B88c>15 1400|540 590 1540|460 330 0 |0 |0 [|eeeis |60 830 0577 206000 00000115
&8 400|480 430 |3%0 (330 [180 |0 0 |0 W 480 600 0,577 | 208000 0,0000118
L {56 400 1300 1250 |210 1160 |10 |0 10 |0 [|se 300 500 0577 208000 00000115
_jﬁ jgg :33 ;EE 12;3 Eg ;;D g E E 42 320 420 0577 | 208000 0,0000118
o a0 o 1120 Thag 110 170 oo o |+ 240 400 0577 | 208000 0,0000115
e T o T WES 190 330 (0577 06000 0005
g0 e o T T T o I|F1ss 250 450 0577 | 206000 0,0000115 Feriisch
Heran el o T T oo s RE 410 800 0,577 | 206000 0,0000115 Ferrtisch
M1z PR T R ] eso 250 500 0577 | 206000 0,0000115 Martenisch
Hsan o Telo o o i T o To ez 410 700 0577 205000 00000115 Martenitisch
B o lmolo o o o o o o W 640 8O0 0577 | 206000 0,0000115 Marteniisch
- = [lcaso 250 500 0577 205000 00000115 Martenitisch o

MAT_BOLT.DBF - Basic data of bolt materials.

Sign Meani ng Uni t

KLASSE Material or material class

Si gn Meani ng Uni t

CLASS Material class, material nane
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Databases Bolt Material

ElMAT_B_RE Re =KT) ['T] M= BlMAT_B_SA Sigma A = f{d) [mm] [C[OI=]
r,| /‘ b| H‘ +| _‘ ‘| _,‘ S\,| = ‘ P‘“kl heappsitptsr] diskbehmat_b_re.dbf r" /| »‘ H| +‘ _| . ‘ = (_|Pack| hihappshtpher] diskshmat_b_sa.dbf
S Search Next ok | : Help | Search Seaich Nest oK | Help |
Klasse [t_max]r220 [r=100]12200] re300[ =400 re500] re00] e 700] ﬂ [ident [a_1 [d_4 [d.6 [d10 [d16 [d25 [d40 [d63 [dro0]

Mz 450 11001020 925 625 680 450 0 |0 [¥[2.812.9. Gewschbvergiitet B0 73 G2 53 47 45 43 413

[ 450 1034950 850 760 BED 430 0 |0

[ |10a 450 (940 875 7A0 705 B40 400 0 |0

MEX] 400 (720 670 620 560 410 0 0 |0

[ lagdete  am0 Gap 530 S0 480 30 o0 0 o

[ |s6cb16 400 (640 (530 540 480 330 0 0 0

I |es 400 480 430 WO 30 180 0 0 |0

[ |ss 400 (300 250 210 160 110 0 0 |0

s 400 (300 250 210 160 110 0 0 |0

W 400 (240 210 130 140 %0 0 0 |0

MES 300 190 160 140 100 70 0 0 |0

[F1es 0 0 0 0 0 0 0 o

[|F1eo o 400 o o0 @0 0 o |0

[ers0 [ E R R R I ]

et 0 s0o0 o0 0 o0 0 0 o

[ |c3e0 0 B0 0 0 0 0 0 0 |0

[easo o 200 0 0 @0 0 o o

|
MAT_B_E.DBF

Modulus of elasticity, dependant from temperature. If values are 0, SR1 uses an approximation
formula.

Si gn Meani ng Uni t

TKLASSE  Material name, class

" E20  Enoduleat 20.c  NmE
" E100  Enodule at 100 NmE
" E200  Enodule at 200C  NmE
E300  Enodule at 300 NmE
" E400  Enodule at 400=C  NmE
" E500  Enodule at 500 NmE
" E600  Enodule at 600=C  NmE
" E700  Enodule at 700 NmE
MAT_B_SA.DBF

Fatigue Strength Sigma A (alternating tension), dependent from thread size.

Si gn Meani ng Uni t

| DENT Material, Production nethod
b1 Sigma Afor thread size 1 nm  Nm®
b4 Sigm Afor thread M Nm®
"be Sigma Afor thread M Nm®
b1 Sigm Afor thread MO  Nm®
‘b1 Sigma Afor thread M6  Nm®
b2 Sigma Afor thread M5 Nm®
D40 Sigma Afor thread M0 Nm®
D63 Sigma Afor thread M3  Nm®
D100 Sigm Afor thread MOO  Nmt

SR1 5-47



5.7. Help

Auxiliary picture

SFH Bolted Joint Design - 0.5R1 M= 3
File Edit “iew CAD Database Document Help
b1 Sofety ogainst F
L Loosening: 5 =
FM mo¥
3 [ %
s 4 Safety against Rp+ A
4 { Overelongotion: 5= ——
Zl s e Fu + Fan
£ e Y
= - | Safety : 5 1
/s Yield paint: =
J 4 po! Fay
3=
R+ Ag
Safety against Tazul
fatigue fracture: > = —/——
a
Safety plate P zul
surface pressure S = T
Safety Thp
thread strip. 5= p
B.h
SHIE=020 Source: WOl 2230
ERIE- 02
SE1 Safety
MK 02/9:

Under this menu reference point you can obtain auxiliary screen drawings for the input of spring dimensions.
The auxiliary illustrations are drawings in the plot Hewlett Packard HP/GL format. This means that you can
complete them with your own graphics. You can design your own drawings via CAD or DTP and send the
output to an HP-Plotter or to a file. In which case you will have to configure the HP7475 as plotter; the
filename extension is PLT. The drawing size should be 160 x 120 mm, as these values are used as the
drawing margin.

Error messages

If error messages occur, you can obtain explanation and help for each error message. The text is stored in
the file SR1.ERR.

Error Meszage =]

Enor Message IWaming: m<ramin Rp [5=0.82]

Origin : The thread will be stipped ! Screwing depth iz too small.
Origin

Femedy : Select a longer bolt and mare thread coils in the dead hole.
Remedy

Help

Quit
SR1 is ended at File->Exit. Before the program is quit the current data is automatically written to the File
ACTUAL.SR1.
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