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1 Starting KISSsoft

11 Starting the software
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Figure 1.1-1: Start KISSsoft, KISSsoft main window.

12 Select Galculation

Using the Modul e tree window Tab “Modules”, select the bolt analysis:

Modules
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@ Keys [M0za]

%k Splined shaft [MOzb]
£k Splines [Mozc]

@ Polygon [Mozd]

@) WoodrUff keys [M02e]

l![[ Pins [M03a
[ Boks [MO4TT>
tw'elded joints [MOS0]

g X

~

"B Glued and soldered joints...
=} Springs

= Compression springs [FO...

-

Figure 1.2-1: Selecting Calculation Module “Bolts”.



2 Galculation of a flanged connection

2.1 Taskdescription
Sizing and rating of the bolting for a flanged coupling with data as shown:

Torque to be transmitted 13kNm Coefficient of friction

Pitch diameter 258mm Minimal axial force

Number of bolts on pitch circle 12 Maximum axial force

Materia flange (left/right) GG25/34CrNiMo6  Strength class of bolt

Thickness flange(left/right) 22mm/18mm Hexagon head screw with shank (AB)
Surface flange (left/right) N7/N8 1S04014

Tightening: with dynamometric key

The connection realised with through bolts (notation according VDI 2230:2003 bolted joint)
with nuts and washer under nuts and under bolt head.
This basic datais entered as follows:

Basic data Clamped parts Ertries

Working data

Configuration Egeconnection with torque and Farces (multiple_ba_t_gzb ~

Mumnber of bolts 1z Azial Force {minfmaz) F D.DDDD_ 0,0000 | N

Reference diameter d . 258.0000 | mm Torgue M : 13000,0000 | M

Shearing Force Fa 0.0000 | M Bending morment M D.DDDDS Mm

Clamping Force for sealing  F. . 0.0000 | N Coefficient of friction between : 0,1500 |

Buolt data

Bolk bype @head screw with shank (A B) EN IS@D v

Reference diameter d 16,0000 | mm D Surface roughness of thread N7 Rz=8.0 {Turned with diamond)

Bolt length | 80,0000 | mm Surface roughness of bearing surface |N7 Rz=8.0 (Turned with diamond) %
Define;.. Strength class w

Type of bolting ‘Washer Tightening technique

O Blind hole Define. ., [] under bolt head Defing. ., :D}fnamometric key. {with guess of coefficient DF. Frictiorg) w

&) Mt [ under ruk Defing... Tightening Factar 1.6000 E]

Figure 2.1-1: Input of known data, selection of calculation method.

2.2 Proposal for a sensible holt diameter

After having defined the loads acting and the type/strength of the bolt, the sizing button can be
used in order to have the software proposing a suitable bolt diameter. This proposal is based on a
simplified method as described in VDI guideline 2230, table 7. This methods tends to result in
over-dimensioned bolts, experience shows that the minimal permissible bolt diameter isone to
two sizes lower. Note the message issued once the sizing button is pressed.

Bl data

EBolt type Hexagon head screw with shank (4 B) EN 150 4014 v
Reference diameter d Surface roughness of thread M7 Rz=8.0 (Turned with diamond)
Eolt length | . 50,0000 | mm E] Surface roughness of bearing surface .N? Rz=3.0 (Turne;:l witH ;:Iiamond) V

Define... Skrength class 10,9 ~

Figure 2.2-1: Using the sizing button will result in a proposal for the bolt diameter (based on VDI12230), here, M18.
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ﬁ Information

i The sizing according the proposal ¥DI 2230
\“) results usually in a ko big diameter,

Figure 2.2-2: Message indicating that the resulting bolt diameter may beto large.
The nominal bolt diameter can be changed manually, here to 16mm.

Bl data

Bolt bype EHexagon head screve with shank {4 é.)-EN IS0 4014 v'

Reference diameter d 16.DDDD__§ mm Surface roughness of thread |N? Rz=8.0 {Turned with diarmond) V:

EBolt length | —B_DD_DDD_: mm Surface roughness of bearing surface iN? Rz=3.0 {Turned with diamond) vl
Define. .. Strength class |10.9 v_|

Figure 2.2-3: Nominal bolt diameter set to 16mm.

2.3 Definition of washer and nut

Under the tab ‘Basic data’ the settings for the washer and the nut can be set as follows:

Twpe of bolting Washer Tightening technique

Define. .. ) éDynamometric key {with guess of coefficient of Friction)

() Blind hole Define. ..

Figure 2.3-1: Call of program module definition.

under balt head

b
Tightening Factor | 1.6000 |

undet nut

)

Ml Define washer [g|
Marm
B Define nut K|
Outside diameter d | 29,4800 | mm
Standard e
Inside diameter di | 17,2700 | mm
Cutside diameter d., | 22.5000| mm Dicks 5 | 3.0000 | mim
Inside diameter d | IES_D_DD_i i . =
— Surface roughness !NS Rz=16 {Milling) v|
Thickness m | 14.8000| am — e
= E-Module E | 205000.0000 | mjmm?
Surface roughness |M8 Rz=16 (Miling) | Permissible surface pressure P: | IZSD.DDDD.E M/rim
I oK J [ Cancel ] [ K ] ’ Cancel ]
Choose nut from standard or define own geometry Defining the washer (once for the washer underneath the

nut, once for underneath the bolt head). Choose from
standard or define own geometry.

Figure 2.3-2: Detailed input on nut, washer and flange geometry.

2.4 Definition of clamped parts

In the tab ,,Clamped parts* is pressed to get awindow where all clamped parts (all parts of the
connection except for the bolt itself) can be defined. Since acircular flange is calculated, the
software recommends — by issuing a respective message — to define the clamped parts as
segments of aring.

ﬁ Information

i For flange connections:
\“) The options <Segment of annulus = is strongly recommended For the parts!

Figure 2.4-1: advice: by calculation of flange connection define of “segments of annulus”
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| Basicdata | | Entries | / Definition of Bore
.V Geametry. .. Bore... )
geometrical

Depth of Laver [| Permissible pressure [b E-F definition of the

|Segment of annulus

Material Surface roughness

|EN-GIL-250 (GG 259, Cast iron Flake graphite, unkreated, YOI 2230 (2003) “ 50,0000 1 segment of annulus

|M7 Rz=8.0{Turned with diamond) | 850,000 1

|34 CrMiMa 6 (13, Through hardened steel, alloyed, through hardened, YOI 2230 (2003) v 1080.0000 ] Choice of the type
2 18,0000

N7 Rz=8.0 (Turned with diamond) 1080,0000

here “segment of
annulus”

Input of material and

depth of layer
E: | 3|
Clamping length {without washer) | 4D.DDDD. mm E] ajd anew depth Of
layer: “+”
Distance for eccentric load)clamping Load application delaj depth Of Iayer
Load application a | 0.0000 mm Load intraduction Factor eee
Bolk axis 5 D.DDDD: i Baolking bype clear dl: “x”
Edge distance of the point of splitting u 0.0000 mm Length of connected solid | | ) )
Distances measured from the axis through center of gravity Distance of connected solid ax D.DDDD: mm ;Aépa:pl(ljgijllzg ?; Tfloé(lj?e
SV3 (Use,,i“ button
for figures)

Figure 2.4-2: Definition of the clamped parts

I Define bore g| —
M Define segment of annulus @

Standard 150 273 (DIM 273) medium v -
: - Outside diameter  d. | 320.0000 | mm
Biarietet d- 1?'5000: m Reference diameter d. [ 258.0000: mm
Senel e L e | o Inside diameter d 210,0000 | mm
el e | t}o000 | Boltspacng t | &7.54d42| mm
I oK l ’ Cancel I [ oK l ’ Canicel ]

Detailing the through hole. A hole diameter may be defined
using “Own definition” in “Standard”. Input diameter in
field “Diameter”

Information on outer and inner diameter of flange, pitch
diameter and bolt pitch (calculate useing sizing button)

Figure 2.4-3: Detailed input.

2.5 Definition of the holt

The spesifications for the bolt could be defined in the tab “basic data”’. The length can be
calculated using the sizing button (then, the smallest possible length is cal culated, using nominal
bolt lengths) or can be defined manually. The definition of the connection is now completed and
may be viewed in the graphic below:

Biolt data

Bolt bype 'H.exagonuﬁead SCrew \.:\.l.ith sha|.1.|.<. ( E) EI\.I. IS.O 4014 v
Reference diameter d . 16.0000.; mm Surface roughness of thread .N? Rz=8.0 {Turned with diamond} v
EBualt length | m |j Surface roughness of bearing surface N? I.12=é..0.(.'i'urne;:| witH ;:Ii.a.mondj V

Define.. . Strength class 10.9 v/ g8

Figure 2.5-1: Calculation or definition of bolt length.
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Figure 2.5-2: Connection with flange, bolt, washers and nut.

3.1 Execution of analysis, reports

The analysisis executed using “X” (or F5). The most important results are shown in the lower

portion of the main window. Using the icon = tothe right of “X” (or F6) areport containing all
input data, analysis parameters, and results is written. From the report back to the calculation
goes with icon “= in the tool bar. The force-deformation diagram can be viewed using the button
“Force-Deformation Diagram®:

# KISSsoft - Bolts according to VDI 2230 [MO4] - Unknown

File  Project Wiew Calculstion Report  Graphics  Extras  Help

DPH2 2P 8 @ KISSsoFT

Release 05-2007

Modules | Clamped pai"ts T éntr\es |

@ Cylindricalinterf

@ Corical interfere... Configurati nge connection with torque and Forces {multiple bolts) | :‘
© Keys [Mza] hurber of bi | 12| #ixial Force (minfmac) | 0.0000| | 10000.0000 | M
4% Splined shaft [MO2b] e — E
& Splines [MOZc] Reference diameter d [ 255.0000} m Torque M- 13000,0000 | Km
@ Polygon [Mozd] — —
& Woodruff keys [MO2e] Shearing force Fs | 0.0000 | M Eiending moment M 0.0000 | Nm
4lE Pins [M033] r : - o
T Bolts [M040] Clamping force For sealing Fuo [ 0.0000 | M Coefficient of Friction between D.ISDDV il
T welded joints [M050]
"B= Glued and soldered joints .. Biolt data
g Bolt £ [ head ith shank (4 B) EN 150 4014 |
= Compression springs [F0.. ¥ olt type: |Hexagan head screw with shan| (A B) =
= = = i & I & o )
Madules | Projects Reference diameter d | 16,0000 | ram Sutface roughness of thread N7 Rz=8.0 (Turned with diamond) % |
- - L i, L : i
Conkents 8 X EBalt length | 65,0000 | mm E] Surface roughness of bearing surface |N7 Rz=&.0 {Turned with diamond) vi
[ General - r — —
B Connections Define. ., Strength class |10.9 ~|
- Belts
+ Springs Type of balting Washer Tightening technique

Shafts and Bearings

Sias 3 Bind hele Define... under bolt head
- Additional calculation modules

|Dynamametric key {with guess of coefficient of Friction)

#- KISSsys @ Hit under nut Tightening Factor | 16000
Appendix: Bibliography and Index )
Results 5 x Graphics 8 x
~ 2 T - =
Forces and torques ? H = FE, | ¥
Required preload {min/max) 64411.73 103058.77 M ! Sttt il = = —
i i Fores (kN
Mecessary tightening torgue (minjmaz) 200,36 262,86 Mrn 120.0 (32)
i e Prefension force
Safeties 0.0 JFHd v ——— RN =
Buolt Pressure Alternating load Gliding 40,0 7 s
1.38 1.53 175.43 1.18 3 00 -
T — -250 -200 -150 ~100 ~50..~0- 50 100 ¥
Contents | Index Information | Results | Messages |
Clamping CONSISTEMT

Figure 3.1-1: Execution of analysis, generate report, main results and force-deformation diagram.
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Further graphic can be advertising with menu “Graphics”.

X KIsSsoft - Bolts according to VDI 2230 [M04] - Tutorial-004.M40

File  Project Wiew Calculation  Report Extras  Help
02k KISSsoFT
- i Clamping s
L Pretension force s _I}glg@s_g__!lii_f_z_t_lp__ﬁ
Modules a '\M Entries |
ose
el Shaft calculation [Wo10]
B Roller bearings [W0S0] export »
= P\améea}:\ng g 9 e ange connection withwd forces (multiple bolts) Vl
drodynaric journ. ettings
& Hydrodynamic axial j Homber of bolts 12J Axial foree (minfma) F. 0.0000 | ]
(= Connections A —"
B Shaft-Hub-Connections Reference diameter d: 258.0000] mmf
L Fins [M03a]
T Bolts [M040] Shearing Force Fa 0,0000 | N
T welded joints [MOs0]
"B Glued and soldered joints... Clamping force for sealing Fee 0.0000 | W o
= Springs T
= Compression springs [FO.. EBolt data Pre-load force kM
g Tension springs [FO20] T 150.0 [
= Leg springs [F030] Eolt bype |Hexagan head screw with shank (A |
2 o E[DISk springs [FO40]. Reference diameter d | 16.DDDD| mm; b },E46N,l’mm2 ]
Modules | <" myG=0.10 E:
L Honues .
- . Eoklength | £5.,0000 | rm - |
S = 100.0 e b
A~ & L
~ der b -7
Force (kr) 50.0 /’/ J
L er g
e
- FM b //’
. i3
Fimay, P e =
100.0 / 8
7 0.0 T T 1
£ + FMjalpha = o 100 200 300
Frmin 7 Tightening tarque Mm
. Fiarf b arenina o
50.0 b ) 1
- \
\
- |
4 . L
n i
i A ad cliding
- \ =
0.0 T T T 1 = 1.2l
-300 -en -100 o 100 | S 11.9[
Skrain (mrn10°3)
v o ™~
B b3 | >
CONSISTENT

Figure 3.1-2: display further graphic

9@ KISSsoft - Bolts according to VDI 2230 [M04] - Tutorial-004. M40

File  Project  View
A™N KD E
Modules x
- el Shaft calculstion [Ww010] m I -~
B Raller bearings [Ww050] Berech fiir den
= Plain hearing — KIfSsofv - Release 03-2008
s Hydradynamic journ. .. EIfSsoft Evalustionsversion
& Hydrodynamic axial § File -
(= Connections gé‘ma s %‘ngiafé’gm ial
& Shaft-Hub-Connections secripcdon s SototlvporL
Changed : ho 1 25.03.2008 1 15:19:28
i[ Pins [MO3a] by o =
T Bolts [M040]
T welded joints [MOS0] .
"= Glued and soldered joints... Bolts acoording to VD1:2230. [MD4)
[=}- Springs
E Campression springs [FO. INPUTS:
g Tension springs [FO20]
5 Configuration: Flange comection with torgue and forces (maltiple holts)
£ Leq springs [F030] | Caloulamion using assewbly ©emperazure
| E= Disksprings [F040] | hssembly temperaturs {°Cj [TH] z0.00
- = Thread standard Standard thread
Modules [ Projects Lsble M6
e — lead {mm} [F] .00
ntents Flank angle (") [beta] &0. 00
Peference diameter (mm) [dl 1&.00
- General Flank dismeter (mm) [4z] 14.70
Connections core (um) [az1 13, 55
St Nominal cross section of thread {m?) [23] z0L. 06
Gears Core cross sectiom of the thread {mm?) [&d3] 144.12
- Thread production Final heat treated
- Appendix: Bibliography and Index Sur face roughness (m) [Rz] .00
Axial force at flange (N) [Fall/Fal] 0.00 f 10000. 00
Shearing force at flange (M) [Fal 0,00
Torgque at flamge (Hm) .1 13000. 00
Eending moment at flange (Mu) [Mb] .00
Minimal clamwing force for sealinogf. () [Fdl 0.00 5
< |
I %
Forces and torques Bolt F
Required preload (minfmasx) 64613.70 10335192 M o
Mecessary tightening torque (minfmax) 140,71 225.13  Nm Clarping
Pretension force
Safeties
Eiolt Pressure Alternating load ialiding
1.37 1.83 175,43 1.21 N
11.5[
Contents | Indexil | Results [ Messages | Information | < | >
CONSISTEMT

Figure 3.1-3: show the report display and selection other graphics
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3.2 Comments on the results generated

Results shown in the main window:

Preload force (N), aphaA=1,
alphaA eff

The reguired mounting pre-tension such that the connection will withstand the
loads. A minimal value (tightening factor=1) and a maximum val ue (tightening
factor=1.6 in this example) are shown.

tightening torque (Nm),
alphaA=1, alphaA eff

Information on the achieved tightening torque. A minimal value (tightening
factor=1) and a maximum value (tightening factor=1.6 in this example) are
shown.

Safeties bolt

Safety factor against yield point

Safeties pressure

minimal Safety of surface pressure

Safeties Alternating load

Safety factor against fatigue of screw

Results shown in the report, “Cal culating safeties with the maximal required mounting

pretension force:

M ounting-Pretensionforce (N)
[FM]

Besides the required pre-tension (see table above), in the report, the nominal
pre-tension according to VDI2230 is shown. Thisva ue is higher than the
maximum value of the required mounting pre-tension.

Tightening torque (Nm)
[MA]

In the report, the nominal pre-tension according to VDI2230 is shown.

4 Further calculations

4.1 Analysis with a smaller holt

To complete the example, atest isrun to check whether M 16 is the smallest possible bolt
diameter. For this, the bolt diameter is reduced to M 14 and the analysis is executed again. The
error message indicates that the connection can not be used with an M 14 bolt.

Bl data

Balt bype -Hexagon head screvs with shank {4 B) EM ISO 4014
: ; \ Mounting pre-tension force is bigger than permissible pre-tension force.
REferenceHiamete: d 14'0000. i @ Mounting pre-tension force:  100812.41 M
Balt length | £5.0000 | rom Permissible pre-tension force:  86874.58 M
Define.

Figure 4.1-1: New bolt diameter M 14, execution of analysis, error message indicating that permissible pre-tension

forceis exceeded

4.2 Constraints, settings

Under the Tab “Entries” “Calculation/Settings” it is possible to do presets for the calculation.
These required detailed knowledge of the VDI guideline 2230:2003.

] on error messages fpermissible pressure, permissible pretension Forcel, continue the calculation
|:| Operating force occurs only ak operating temperature

[] Do the calculation For the case of reached minimum pretension FMfalpha

[] o not increase required clamping Force Far eccentric clamping

Calculate temperature dependent material data automatically with estimation Formulae

%X Module specific settings @

I oK l ’ Cancel

Figure 4.2-1: Module specific settings.

The assumed coefficients of friction between thread and thread hole and between the head of the
bolt and the clamped part or washer have a great effect on the analysis. These valus have to be

7/8


http://dict.leo.org/ende?lp=ende&p=eL4jU.&search=yield
http://dict.leo.org/ende?lp=ende&p=eL4jU.&search=point

defined in the tab “Entries”. The VDI guideline 2230 recommends val ues to be used depending
on the lubrication applied. These recommendations may be viewed using the “Info buttons”.
| Basic data I Clamped parts

Warking data

Configuration |Utilization of vield .strength. V Mumber of load cycles M : 2000000 |
Maximum tightening torque M | 0.0000 | Mrn Embedding value f D.DDDD; mm [ ]
Minimurm tightening torque [ B D.DDDD. Mm Additional embedding value f D.DDDD: mm
Permissible assembly preload Fut 0.0000 | N Preload loss F . D.DDDD; |
Minimurm utilization of vield strength  w 90,0000 . Yo Maximurm utilization of vield strength v 90,0000 Y

Angle of rotation conkrolled tightening

Murnber of steps i 1 Plastic deformation 0,0000 | %
Pretension | 10,0000 | o Maximum vield point _. 100.0000 | o
Temperatures Coefficient of friction

Assembly temperature Tei [ 20,0000 | #C In the thread {minfma:x}

‘Wiorking temperature, bolt Te 20,0000 | *C In the bearing surface {min/ma:x)

Operating temperature of parts T . 20,0000 | #C In the nut support {minfmax)

Figure 4.2-2: Coefficients of friction, review recommended values using “Info buttons”

Furthermore, the tightening method is to be chosen. The tightening factor is then calcul ated
accordingly:

Basic data Clamped parts Entries

Warking data

Configuration Flange connection with torque an;:l forces (ml;lltiple balts) Y3

Mumnber of bolks 1z Axial Force (min/ma) F ] D.DDDU_ 10000.0000 | 1

Reference diameter d . 258,0000 | mm Torgue M- : 13000,0000 | Nm

Shearing force Fa 0.0000 | N Bending moment Ma D.DDDDS Mm

Clamping force for sealing  F. . 0.0000 | M Coefficient of Friction between parts : 0,1500 |

Biolt data

Bolt bvpe Hexagon head screw with shank (& BY EN IS0 4014 w

Reference diameter d 16,0000 | mm [:J Surface roughness of thread M7 Rz=8.0 {Turned with diamond)

Bolt length | 65,0000 | mm Surface roughness of bearing surface |N7 Rz=8.0 (Turned with diamand) s
Define... Strength class 10.2 L

Type of balting Washer Tightening technique

) Biind hole Define.. . under bolk head :Dynamometric key {with guess of coefficient of Friction)
G) uk under nut [ Define... ] «__Tightening factor 1.6000 | 2» E]

Figure 4.2-3: Selection of tightening method, resulting tightening factor
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