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1. Foreword

1.1 Aim of the tutorial

This starter tutorial for MESYS Ball Screw Calculation introduces the basic functions of the software and provides
an initial overview of its capabilities for ball screw calculation. It covers only those topics and settings required
for getting familiar with the product and for the training examples.

For any questions regarding the use of the software, please contact MESYS at any time.

1.2 Software Version
This tutorial was created with MESYS Ball Screw version 12-2024.

1.3. Notes
mmm) A blue arrow indicates a request to the reader.
mmm) A green arrow indicates a conclusion or effect.

2. MESYS Ball Screws - strengths and possibilities
To get an idea of the possibilities of MESYS Ball Screws, we cordially invite you to visit
the MESYS website at the specific address for Ball Screws.

Figure 1

3. Software Manual

3.1 Manual online Figure 2
The software manual can be accessed from the user interface via the Help menu under |....

Help

Manual - F1. = Manual F1
About

You can also open the manual at any time with position-specific content directly by
pressing the F1 key.

3.2 Manual as PDF
You can also find the Software Manual in PDF format in the main languages in the MESYS installation directory
(Figure 3) or directly on the MESYS website under 'Downloads/General downloads'.

4. Calculation of Ball Screws
4.1 General

The MESYS Ball Screw software calculates the load distribution in a ball screw based on axial load, radial load,
and tilting moment, as well as the service life according to DIN 26281 derived from the load distribution.

mmm) Please Start the MESYS Ball Screws calculation module.

After startup, the software interface is presented with four tabs: 'General', 'Geometry', 'Configuration', and
'Loading'.
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Figure 3
General =~ Geometry  Configuration  Loading
m 6 S llj S Ball Screw Calculation
- ting AG

Project name |Ba|l Screw Calculation Starter Basics Tutorial |
Calculation description |First Results |

Settings

[ Use load spectrum Reliability S %

[ calculate C0a according ISO 3408-5 Scale factor for stress in 3D view s

[ calculate Ca according 150 3408-5 Start angle for first thread Wy I:I °

[ calculate reliability factor according ISO 3408-5 Clearance generation axial direction ~

[ Enter two contact angles Axial expansion ball screw not considered ~

Axial expansion nut not considered ~

Elastic ring expansion is not considered ~ |

Across the different tabs, a wide range of possible settings is available. Within the scope of this Starter Tutorial,
it is not possible to go into detail on all functions of the software due to the potential extent. For the corre-
sponding information, please refer to the online manual in the section Input Parameters and its related subsec-
tions.

In the course of this tutorial, we will assign the software several calculation tasks as part of an imaginary project.
‘ According to Figure 3, choose an appropriate name and a description for the project.

Let us use a hypothetical ball screw to take a closer look at settings that are commonly applied in practice. You
may assume that the default presets at program start provide a good basis for a step-by-step approach to a
typical ball screw calculation, given their broad applicability.

4.2 Menu functions

Not all menus consist of self-explanatory content. This tu-
torial will guide you through the relevant content and ex-
planations as part of the tasks set and the input process.

File Calculation Report Graphics Extras Help

Figure 4

4.3 Settings under 'General'

4.3.1 General

This tutorial provides a simplified overview of the settings listed under the General tab, focusing on those that
are either used here or important for understanding. We will concentrate on the essential points, and we kindly
ask for your understanding that some functions will only be mentioned at a surface level.

‘ For the time being, leave all settings as they are by default when you start the programme.
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4.3.1 Use load spectrum

Another method for analysing application behaviour is to take different conditions or
load cases into account. When the checkbox Use load spectrum is activated, the input
mask under the Load tab is displayed as an input table. See also Chapter 4.6.2.

‘ [ use load spectrum ‘

4.3.2 Calculate COa according I1SO 3408-5
If this option is activated, the static load rating is calculated according to 1ISO
3408-5 (2006); material properties such as the modulus of elasticity have

[ calculate C0a according 1SQ 3408-3

no influence.
If the option is deactivated, the calculation is also performed according to ISO 3408-5 (2006), but with the ma-
terial/pressure factor fo from ISO/TR 10657 (2021) instead of the design factor ko.

4.3.3 Calculate Ca according 1SO 3408-5

If this option is activated, the dynamic load rating is calculated with the expo- ‘ [ calculate Ca according ISO 3408-5
nent 0.86 according to Equation 8 in 1ISO 3408-5:2006.
If it is deactivated, the exponent 0.7 is used, as specified in ISO 281:2007, ISO/TR 1281-1:2008, or Lundberg et
al. (1947).

4.3.4 Calculate reliability factor according ISO 3408-5

If the option is activated, the reliability factor is calculated using the two-parameter Weibull distribution accord-
ing to ISO 3408-5:2006.

If the option is deactivated, the three-parameter Weibull distri-
bution according to ISO 281:2007 and ISO/TR 1281-1:2008 is used

[] calculate reliability factor accarding 150 3408-3

Figure 5

4.3.5 Enter two contact angles
One or two contact angles can be defined. Different angles may be used for the screw 3
and the nut. The contact angle is determined by the radial contact of the ball with the

screw or the nut.
[J Enter two contact angles
\

4.3.6 Reliability S
By default, the bearing life is calculated for a reliability of 90%. The desired reliability can be set here between

90% and <100%.
Relabilty s | °

4.3.7 Scale factor s for stress in 3D view
The stress distribution is scaled to s-Dw (ball diam-
eter) for a pressure distribution of 4000 MPa in the 3D view (Figure 6).

‘ Scale factor for stress in 3D view

4.3.8 Start angle for first thread ¥y
The start angle defines the angular position of the left end of the first thread. At an

angle of 0°, the start is lo-
Start angle for first thread Wy I:l "

cated on the y-axis. The angle specifies the posmon of
the center of the gap before the first ball.

4.3.9 Clearance generation : —
Clearance generation axial direction ~
axial direction
The nominal contact angle, ball diameter, and raceway radii determine the posi- | |radial direction

direction of contact angle
reduction of ball diameter

tion of the curvature centers at zero clearance.
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e Axial displacement of the curvature centers (only for gothic profiles with Gothic ‘

contact angle > 0; limited max. radial clearance).
e Radial displacement of the curvature centers.
e Displacement of the curvature centers in the direction of the pres- | —
sure angle (not for contact angle = 0).
e Reduction of the ball diameter (slightly decreases the load ratings).

Four possibilities for generating clearance are available:
Radiu;J
i V

Figure 7
4.3.10 Axial expansion of ball screw and nut
For the axial length change of the ball screw and nut, three options are available: 'not considered', 'fixed left',
'fixed right'. If the load is applied on one side, the screw will either elongate axially or shorten due to axial
stresses. Fixed on the left means that the load is applied from the left and the stress decreases toward the right.

Figure 8 _ Supports

Axial expansion ball screw not considered ~
Fixed — Fixed

Axial expansion nut fixed right ~

Axial expansion ball screw fixed left v
Fixed - Supported

Axial expansion nut fixed right ~

I‘Ill\l\l\‘\lml [IRTnoaney ll‘l\
ANLUNEER

] . Axial expansion ball screw fixed left ~
@ Fixed - Free

=11 Axial expansion nut fixed left il

4.3.11 Elastic ring expansion

Radial forces can lead to elastic expansion or compression. The calculation is based on the theory of a thick-
walled cylinder with constant pressure on the inner or outer surface, using either the minimum or the mean ball
contact force. With this option, the state is consid-
ered constant over the nut length and is therefore
not suitable in the presence of pure tilting mo-
ments.

Elastic ring expansion is not considered
Elastic ring expansion based on minimal radial force
Elastic ring expansion based on medium radial force

Figure 9

4.4 Settings under 'Geometry'
4.4.1 General
Under this tab, the geometry of the ball screw is defined.

4.4.2 Input fields
Number of starts / turns I
Here, the ball tracks and their length are defined.

Dpw

Lead Ph / Lead angle phi / Direction
Axial travel of the nut per revolution, alternatively entered
via the angle. Direction: right or left.

MESYS AG Ball Screws Starter Basics 5/18



info@mesys.ch
T: +41 44 455 68 00

MESYS AG
Technoparkstrasse 1
CH-B005 Ziirich

re AG

Engineering Consulting Softwa

General  Geometry  Configuration  Loading
MNumber of starts ns Dynamic load rating Ca N[O
MNumber of turns nt Static load rating Cla N O
Lead Ph mm ®  Axial clearance Pa I:I mm |
Lead angle phi ° (O Tolerance class 5 ~
Direction right v Material ball screw Steel ~| | ar
MNumber of loaded balls per turn z! O material ball nut Steel ML
Ball diameter Dw mm Material rolling element | Steel v| | qp
Pitch diameter Dpw mm Ball screw inner diameter dsi I:I mm
Contact angle o |45 : Mut outer diameter dhe I:I mm
Conformity ball screw frs o | Ball screw lead errar i I:I mm
Canformity ball nut frn r
Shoulder diameter ball screw dSi mm |
Shoulder diameter ball nut  dSe mm |

Figure 11

Number of loaded balls per turn

Is usually calculated automatically according to I1SO 3408- Number of loaded balls per turn 2 D‘

5:2006, but can be overridden, for example, by using spacer el-
ements.

Ball diameter
Dw, Basic size for load rating and contact stiffness.

Pitch diameter
Rolling element raceway diameter Dpw, basis for pressure angle and geom-
etry (see Figure 10).

Contact angle
Optional inside and outside, with a > 0° gothic profiling, with 0° full radius

ight fi .
(I"Ig Igure) Figure 12

Radius Gothic

Conformity ball screw frs |0.54
Conformity ball nut frn

Conformity

Ratio of raceway curvature radius to ball diameter; must be > 0.5

CD Radius inner race rs |1.89 mm

Radius outer race rn |1.96 mm

oK Cancel

Shoulder diameter

Figure 13

The shoulder diameter dS determines the [ "~ o [
Iateral Support Of the raceWay. Shoulder diameter ball nut  dSe mm |

Alternatively, the shoulder height can be specified as a percentage of the
ball diameter (typically 10-40%).

&

Enter Factor for shoulder diameter

Factor shoulder diameter ball screw fSs %
Factor shoulder diameter ball nut ~ fSn %

OK Cancel

The software checks whether the contact

ellipse lies within the shoulder — otherwise the calculated pressures are invalid. Figure 14

Load ratings

They can be entered manually or calculated by the soft- | oyramic load rating
ware. The dynamic load rating for life is according to ISO | static load rating

Ca (828181 N O
C0a (210737 no O

3408-5, the static load rating according to I1SO 76 / 1SO 3408-5.
See options in Chapter 4.3.2.

MESYS AG Ball Screws Starter Basics
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Axial clearance / Preload il clearance Rl | E)
@
The axial clearance is the difference in axial displacement in both directions. | Fadare e f Jmm®
. . . . - 0
With a gothic profile, the clearance can also be negative | Free contactangle a0 |
oK Cance
(preload), while with a full-radius profile it must be positive.
Figure 16

mmm) A preload is defined by entering a negative value for Pa.

Using the =- button (Figure 16), a positive radial clearance can alternatively be entered, or a free contact angle
can be applied for full-radius profiles.

Tolerance class
The tolerance classes refer to JIS B 1192-1997, ISO 3408-3:2006 & DIN 69051-3, and are taken into account in
the calculation of the load ratings.

Material Figure 17
Here, the materials for the screw, nut, and balls | waterial ball screw Steel v
can be defined. Using the 5 - buttons, hard- | yaterial ball nut ;’twnl'”P“t /"G
ope ee
ness and heat treatment can also be specified. | yuerial rolling element |siane 7 PSR ——— x> Q
The material of the balls only affects the contact SiZN4 (150 200} 11rgx ot b v e [ wes
stiffness in the load distribution but is not consid- o pesennurbar bl
u u S275)R N — - ar?
ered in the life calculation. E285 Thermal elongation coeff ball screw alphaT_i [115 | 10°%/°C
5255J0 Hardness ball screw HV_s
E335 Material treatment ball screw Air-melt ~
E360 Air-melt "
Eilig Help prvsinsm W
Language » Vacuum remelted
Ruiibyzlen ' In addition to the links found under the Extras menu, such as to material
|3 Database » Material .
= pr— e — databases, custom database entries can also be created — for example for
& settings Material DIN743 materials. It is further possible to import from an existing database or to

Material (orthotropic)
Material ISO 6336

License

initiate an encrypted export of data.

Tools 4
Lubrication

Bearings . .
i) G Ball screw inner diameter

Bearing clearance classes Is used when an axial or radial expansion has to be taken into account.
Bearing tolerance
Bearing tolerance classes

Bearing manufacturers Figure 19

Gear tools
Ball screw inner diameter dsi I:I mm
Impaort from old database

Figure 18 Create encrypted database Mut outer diameter dhe |0 mm

Nut outer diameter
Is used when an axial or radial expansion has to be taken into account. If the input value is 0, a diameter of Dpw
+ 20-Dw is applied.

Ball screw lead error
Optional input that affects the load distribution. 8all screw lead error b0 Jmm]
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4.4.3 Input of Geometry

An imaginary positioning drive for use in machine tools

Figure 20
is to be analysed. The following data is available:
Number of starts: 1
Number of turns: 3
Lead: 5 mm
Ball diameter: 3.5 mm
Pitch diameter: 185 mm
Contact angle: 45 °
Conformity spindle: 0.54
Conformity nut: 0.56
Axial clearance: 0 mm

GrabCAD

‘ Please enter this data under the 'Geometry' tab accordingly (Figure 11).

4.5 Input of Loading

4.5.1 General

For each coordinate direction, either a force or a displacement can be entered.

Moments are only possible in the Y and Z directions, since the torque around the axis is coupled with the axial
force. The rotation angle rx only affects the axial displacement.

General  Geometry  Configuration  Loading Figure 21

Axial load Fx M Displacement L I:I mm O
Radial load Fy I:I N @ Displacement uy l:l mm O
Radial load Fz I:I N @ Displacement uz l:l mm O
Moment I I:I Nm Rotation angle rx I:I mrad

Moment My I:I Nm O Rotation angle ry I:I mrad @
Morment Mz I:I Nm O Rotation angle rz I:I mrad @

Speed inner ring ni rpm Inner ring rotates to load
Speed outer ring ne I:I rem [ Quter ring rotates to load
Temperature of shaft Ti °C Temperature of housing Te °C

‘ Assign an axial force of 500 N and a speed of 300 rpm as shown in the figure above.

4.5.2 Coordinate system

The x-axis corresponds to the axial direction, the y-axis points upward
toward the gap in front of the first ball. The start angle W is positive
around the x-axis and starts at zero on the y-axis; the start angle can be
changed in the settings.

Moments are positive around their respective axes. Loads act on the
inner ring, i.e., a positive load in the y-direction loads the upper rolling
elements.

Figure 22

4.6 Calculation

4.6.1 Calculation of a single load case
The calculation step is started via the Calculate command (Figure 23), by pressing F5, or by using the corre-
Berechnung | Protokell Grafiken Extras | sponding icon in the ribbon menu.

\3} Berechnen F5 Figure 23

MESYS AG Ball Screws Starter Basics 8/18
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‘ Please activate the calculation process. Hﬁ

‘ As a result of the axial offset of the turns and the current start angle W, of 0° for the first start, a tilting
moment around the Y-axis is obtained (Figure 24).

Axial load Fx  [500 N  (® Displacement ux mm O
Radial load Fy I:I N @ Displacement uy I:I mm O
Radial load Fz I:I M @ Displacement uz I:I mm O
Moment I Nm Rotation angle | Start angle for first thread X I:I mrad

Moment My Nm O Rotation angle Yo l:l ’ ry I:I mrad @
Mament Mz Nm O Rotation angle rz I:I mrad @

‘ Under the 'General' tab, set the start angle for the first start to 90°.

- This generates a corresponding tilting moment around the Z-axis:

Figure 24

Axial load Fx  |500 N @ Displacement ux 000307129 [mm O
Radial load Fy I:I N @ Displacement uy I:I mm O
Radial load Fz I:I N @ Displacement uz I:I mm O

Start angle for first thread | I:I mrad

rz I:Imrad ®

Figure 25

Moment Mx |-0.397887 Nm Raotation angle
Moment My |0.0344511 Nm O Rotation angle
Maoment Mz |0.397026 MNm O Rotation angle

‘ In the 'General' tab, reset the start angle for the first start to 0°

At this point, we would like to enter a first substantial load case and examine it afterwards.

‘ Please enter the following loads: mmmp  Start the calculation.
Fx =750 N
Fy =-250 N -ﬁ
Mz =7 Nm
Axial load Fx |750 N @ Displacement ux mm O
Radial load Fy N @ Displacement uy mm O
Radial load Fz I:I M @ Displacement uz mm O

Rotation angle

2 Jmae
= o5t mad O

Moment Mx |-0.596831 Nm
Moment My |0.87243 Nm O Rotation angle
Moment Mz Nm @ Rotation angle

Inner ring rotates to load

Speed inner ring ni (300 rpm

Figure 26

- The results are displayed directly in the load input mask.

4.6.2. Calculation of multiple defined conditions — Load spectrum
If the calculation with load spectrum is activated in the General tab (see Chapter 4.3.1), the entire spectrum is

calculated instead of a single load case. For each element, load or displacement, speed, and temperature can be
entered. Using the context menu (right mouse button), you can choose whether forces/moments or displace-
ments/rotations are used (Figure 27).

Rows can be added with the £} button or deleted with the == button; $§ deletes all entries. Using the
import button = | , a load spectrum can be read from a file (columns and units must match). An export is also

possible via the | =% button
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File Calculation Report Graphics Extras Help Figure 27
=1 K

General Geometry  Configuration  Loading

| =
oy

wl.-'requencyl Fi [N] Fy [N] Fz[N] rc[mrad] ry [mrad] Mz [Nm] ni[rpm] nelrpm] Ti[°C] Te[°C] B cnier Fx
1 -250 0 1] ] 7 300 ] 20 20 v enter Fy
2 03 TO0O  -225 0O o] o] & 400 o] 20 20 "‘/ ¥ enter Fz
3 04 650 -200 0 0 0 5 s00 0 20 20 enter My

~  enter Mz

‘ In the ‘General’ tab, activate the option 'Use load spectrum'.

mmm) Enter the load spectrum as shown above.

‘ Start the calculation. Hﬁ

inner Ring rotates to load [ outer ring rotates to load Results for Ma l!% = 8 = -

As with the single load case, it can be set whether the ring rotates relative to the load. The load distribution is
calculated for each element, and the results show the life of the entire Load spectrum as well as the minimum
static safety. Elements from the Graphics menu appear only for the element selected on this page

5. Results

5.1 Current Results overview

5.1.1 General
The contents in the results overview at the bottom of the user interface — still dependent on our example

calculation but always up to date — appear as follows after the inputs from Chapter 4.6.2 with load spectrum:

Result overview =

Reference rating life L10rh |12210.1 h  Reference rating life L10r [300.368
Maximal pressure pmax |2169.8 MPa Static safety factor SOeff |7.2281
Distance between rolling elements 8RE |0.122675 mm Axial Stiffness oo D MN/mm

Figure 28

‘ Compare the system life L10rh in the results overview with the single load case calculation from Chap-
ter4.6.1:

Result overview

Reference rating life L10rh h  Reference rating life L10r
Maximal pressure pmax MPa Static safety factor SOeff
Distance between rolling elements ORE mm Axial Stiffness oo MN/mm
Tilting Stiffness around ¥ cry Mm/rad Tilting Stiffness around Z €z Nm/rad

Figure 29

MESYS AG Ball Screws Starter Basics 10/ 18




mes

Engineering Consulting Software I AG

5.1.2 Define contents

Using the menu command Extras / Results
overview, the contents of the results win-
dow in the user interface can be edited (Fig-

ure 30).

5.2 Reports
5.2.1 Main report

Reports are available in different formats.

A main report as PDF or DOCX with stand-
ard content, as well as additional content
selectable via 'Report Options', can be ac-
cessed through the Report menu.
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Ball Screw Calculation

Engine

Date:

MESYS Ball Screw Calculan‘oM

File name:
Project name:

Description:

T: +41 44 455 68 00 File Calculation Report Graphics Extras  Help
. ¢t3 =l @ 3
GHGEHE € e
Fi 30 Unit system L4
igure i i
g General Geometry  Configurati 3 Database »
@ s - e—) 5! Result overview ]
J
Ellipse length ratio inner race [eLR_i] Reference rating life [L10rh] ‘ﬁ
Ellipse length ratio outer race [eLR_e] Reference rating life [Lnrh]
Extension contact ellipse inner ring [dCiMax] Reference rating life [L10r] @
Extension contact ellipse outer ring [dCeMin] Maximal pressure [pmax] 2
Free contact angle [20] Static safety factor [S0eff]
Maximal contact angle inner race [aimax] = Reference rating life [Lnr]
Maximal contact angle outer race [cemax] Radial clearance [Pd]
Minimal contact angle inner race [aimin] @ Distance between rolling elements [SRE]
Minimal contact angle outer race [ccemin] Axial Stiffness [oog
Radial Stiffness in ¥ [cyy] Tilting Stiffness around ¥ [cry]
Radial Stiffness in Z [czz] Tilting stiffness around Z [crz]
Radial expansion for inner ring [Adel]
Radial expansion for outer ring [ADel]
Restore Defaults’ oK Cancel
File Calculation Report Graphics Extras Help G e
| = B S sticitepod kS Please select the contents for the report:
&L print report Graphic: Load distribution 3D
Geng, Geo 5 t
B (e B2 Graphic: Contact stress
m e i Report options Graphic: Contact angle
KGT Tutorial - § | i >
\eering Consult S e T (TR Graphic: Ball loads
Kugelgewinde|
Save special report as 4 :
Erste Ergebnisd 4] P [ Graphic: Circumferential ball advance
Monday, 1.Sef _ Project name Result tables [ Graphic: Ball orbit speed
[
a [[] Graphic: Wear Parameter Pvmax
[ Graphic: wear Parameter Qv
file  Homewlinsert Draw Page Layout Formulas Data
[ Graphic: Contact stress and sliding speed on major axis
. P! g sp J]
ﬁ"] & [caibri [ A A
m - = - [ Graphic: Contact dimensions
Paiteg [B] 1T u~ . &0« A
o Include load spectrum details
Clipboard 15 Font & Al

Al - fx~|| Results per rolling element Incluce legend for tables
52.2 Result tables = B H 5 < ] 0 [ color in 3D view based on contact stress
H 2 Ball § i I[N] ai [ calculate stiffness matrix for load spectra
Result tables can be opened in XLSX format for |2 =" #1  eximeleyinmipelel ol o) g
. a 2 3375 -7.03125 7.691084 5.139025 557e-08 5| | Contact stress for scaling pD 4000 MPa
fu rther processlng. 5 3 56.25 -6.71875 5.135025 7.691094 6.1E-08 5.
6 4 7875 -6.40625 1804585 9.072264 11.06782 OK Cancel
7 5 101.25 -6.09375 -1.80459 9.072264 32.23423
8 6 123.75 -5.78125 -5.13902 7.691094 56.20463 .
9 7 146.25 -5.46875 -7.69109 5.139025 76.01394 Flgure 31
10 8 168.75 -5.15625 -9.07226 1.804585 86.21655
1 9 168.75 -4.84375 -9.07226 -1.80459 84.37404
.
5.3 GraphICS File Calculation Report =Graphics Extras Help
Contact stress L | - : =
(45 1 |
. . H w:} I il Load distribution 3D
2000 Contact angle Contact stress
65 .
T a0 — i General  Geometry Contact stress for load spectrum
=
s 50
= Ball loads = Contact angle
2 1600 = 55 _
o = Qil
£ = 80 “a D Ball loads
= _ Qir
g 1400 E . o L - -
£ 5 — e Circumferential ball advance
S 100 2 % 60 < .
5 = Ball orbit speed
Circumferential ball advance Z s5p
- E Wear Parameter PVmax
o Ball orbit speed
- i Wear Parameter QV
% 120.875 ne lan |E aQ
Wear P ter PV F Fot : :
E: B} ar Parameter Fumax Contact stress and sliding speed on major axis
g T 129.925 . _ — Pymax_l
il a - g 3 — PVmbax_ir Contact dimensions
= £ 120475 E 125 ~ R
o 3 DUmby o
; T 1r0425 % 30 Contact stress and sliding speed on major axis
] 2 823 = 275
< @ x - . Pvmax = 36.176M_P_a;
2 3 12077s E 23 2000 PR ball vi Contact dimensions
E El g 225 T Al = 142321mm?, Ae = 1.46992mm*
E F 129725 5 2 T 1750 —
5 g ars = 1500 ai 007 —
129,675 s 15 % 1250 /\ 72
. £ 125 £ 1A 006 E
129,625 45 5 % 1000 =
Position [mm] g o 10 oo 005 ©
= 7.5 ‘g 750 Y 2
. S 500 ]
Figure 32 L 004 3
250 003 8
Po| 0 E
002 &
=
0.01
0

Under the Graphics menu, a wide range of graphical representa-
tions is available — 2D, 3D, and functions related to load distribu-
tion, rolling element load, kinematics, wear parameters, or con-

tact conditions.
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The graphics can be docked to the main program interface with the current outputs and are automatically up-

dated after each calculation.

I

@ MESYS Ball Screw Caleulstion - MESYS AG - KGT Tutorial - step1.mBSC

General ~ Geometry  Configuration  Loading Eoad]ditpbutionn 8 %
Axial load Fx |750 N @ Displacement ux mm O

Radial load Fy |-250 N @ Displacement uy mm O

Radial load Fz D N @ Displacement uz mm O

Morment I Nm Rotation angle 34 l:l mrad

Moment Iy Nm O Rotation angle ry l:l mrad @

Maoment Mz Nm @ Rotation angle rz mrad O

Speed inner ring ni 300 rpm Inner ring rotates to load

Contact angle

Speed outer ring ne D rpm [ Outer ring rotates to load

Temperature of shaft Ti °C Temperature of housing Te =C

—

The views can be moved by drag & drop into the user interface below the
menu bar, or as shown here, into the results overview.

Contact angle [°]

307

Result overview

& Wear Parameter PVmax

& X | Contact stress and sliding s.. & X

Ball loads

& X Circumferential ball advance & %

Ty o NT ©

Contact angle

Pasition [mm]

‘ Please edit the report options and print the report.

6. Application design
6.1 Methodology

Al = Wear Parameter Pvmax ctg:ress and sliding speed on maJEr Eall loads E Circumferential ball advan
Reference rating life L10rl [10744.8 h  Reference ® =PVmax_il = PVma /s = 3 Bikd-64
£ 25 i 3 % 006
: £ 22 i axir] E Z o
Static safety factor Soeff |7.2281 Distance t g 15 fhiasd =1 T o4
- - = c @ =
Tilting Stiffness around ¥ cry |15741.8 | Nm, Tilting Stif & 7-; £ 2 0.02
< L4 z v T & [ L
o Z
Result overview ~ Messages b Position [mm] Pasition [mm] Position [mm] 5 Position [mm]
M| =2
Figure 33

The successful design of a ball screw follows a proven methodology. The MESYS ball screw calculation provides
crucial support in this process and takes over a large part of the required tasks. In the following, we will go
through some of the most helpful steps together for the single load case considered in Chapter 4.6.1.

6.2 Contact stress

The Contact stress diagram activated via the Graphics menu shows the
contact pressure, which is calculated for each ball and all four possible
contact points. In our single load case from Chapter 4.6.1, the inner
raceway on the right (pir) and the outer raceway on the left (pel) show
sections with 0 MPa (Figure 34). The diagram therefore illustrates, in
particular through pir (red) and pel (green), two-point (0 MPa) as well
as four-point contact conditions

Figure 35: 2-point and 4-point contact condition

MESYS AG

Contact stress [MPa]

2000
1750
1500
1250
1000
750
500
250

Contact stress

Position [mm]
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6.3 Circumferential ball advance

The diagram for Circumferential ball advance , activated in the
Graphics menu, is based on the assumption that the circulation
speed of each ball is constant within a section. However, due to dif-
ferent contact angles, the circulation speed varies between the in-

dividual rolling elements (Figure 36).

Figure 37
Contact stress and sliding speed on major axis
. PVimax = 27.735MPa'm/s
18'}0_—p| (R 1, ball 483 Zvil(R 1, ball 48)x 0.03

—pe (R 1 8) = 1, bajl43
7 1600T—pi (R )4l 481 0.02 =
= 14007== ~ =
% 1200 < =
e ‘IEDD_ -.._‘:\ i 0.01 g
1“: 1000 NQ‘}, o
5 80Ot L h\. i) o
@ = LY =
5 o] - 001 2
S 400 [ : w

-
200 ’I 1 1 1 1 1 1 1 1 -DIDZ

0 N h - & © ;= 1 &

Mo o—od 9 2 o = g o

S e 9 e e e

Position [mm]

Figure 36

Circumferential ball advance [mm]

0,077
0.067T
0.05T
0.0471
00371
o027
0.01L

Circumferential ball advance

— b _circ

Position [mm]

6.4 Contact stress and sliding speed on major axis
This diagram, also activated in the Graphics menu, relates
the courses of pressure and sliding velocity by displaying the

current values for the
selected ball along
the major axis of the
contact ellipse (Fig-
ure 37). Through the
graphic options, an-
other ball can be se-

lected, or the one with the currently highest PV value (Figure 38).

B

Selected ball selectedBall
Selected thread selectedThread I:I

Show results for ball with PVmax

Reset Close Apply

Figure 38

6.5 Contact dimensions

The diagram, which can be activated via the Graphics
menu, shows the semi-axes of the pressure ellipses
along the position, with the dashed lines indicating the
shorter semi-axis.

- The numerical values can be accessed via the re-
sults tables (Chapter 5.2.2).

- The dashed lines bi / be correspond to the minor
semi-axes.

mmm) The values Ai/ Ae below the diagram title corre-

spond to the area sums over nut length.

6.6 Optimization
6.6.1 General

Contact dimensions
Al = 1.42321mm?, Ae = 1.46992mm?
1 —ail
007 —
T £
006 £
= . 3
% 0.05 =
= 004 ¥
£ =
@ 003 8
=3 @
T\ 7o 002 2
[
0.01
ey AT s TR et
Pasition [mm]
Figure 39

In the search for a stiffer system, applying an axial preload could, for example, be a practical approach. To obtain
a reference value for a suitable preload, a parameter study is recommended.

6.6.2 Parameter variation

Via the menu Calculation / Parameter variation, a dialog for parameter vari-
ations is displayed (Figure 40). It allows the user to perform parameter stud-
ies, with the results presented in exportable tables and graphics.

MESYS AG

Ball Screws Startepikhgigs

Calculation Report Graphics Extras Hel
4% calculate F5
Parameter variation
Figure 40
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Optionally, in the parameter variation dialog, an optimization step can be applied under the Optimization tab,
respecting defined constraints to maximize or minimize the desired results. For further information on parame-
ter variation, please refer to the corresponding entries in the manual.

@ Parameter variation

Generate List Qptimization Parameter list Graphics 1 Graphics 2 Settings

Parameter start value End value Number of steps

Pa [mm)] (Axial clearance) ~(0.01 -0.01 20
Ph [mm] (Lead) ~
Dw [mm] (Ball diameter)

Dpw [mm] (Pitch diameter)

frs (Conformity ball screw)

frn (Conformity ball nut)

ns (Mumber of starts)

X

e

- Please assign the value Pa a variation
from 0.01 to —0.01 mm in 20 steps,
as shown in the figure on the left.

Start the calculation using the desig-
nated button.

E nt (Mumber of turns) Flgure 42
P mm] (Axial clearance) @ Parameter variation o x
psi0 [°] (Start angle for first thread) End value Based on
alpha [°] (Contact angle) hd Generate List ~ Optimization ~ Parameter list  Graphics 1 Graphics 2 Settings
Pa[mm] pmax [MPa] LiOrh[h] o [N/mm] crz [Nm/ra Inputs @ '%
1 001 2336.02 7039.34 270745 ;'\7'\55.2 Results pmax =
2 0003 232115 733778 273848 17255.1 Inputs... ¥ Liorh %
Results... Lior
3 0.008 2305.93 7650.9 276741 173426 -
Show all inputs deltaRE
4 0007 220034 797957 281557 175553 Hide all inputs elR i =
5 0.006 227436 832072 288183 178341 Show all results elR e
&l 12 =] [dp| |= Rel |6 o005 225801 86984 203023 180121 Fide all resuts deivax
dCeMin
Figure 41 7 0004 224129 908295 297140 181494 alphaimin
8 0003 222415 948195 302770 183368 alpha_imax
9 0002 220641 989666 309496 18547.8 bty
alpha_emax
10 0001 218829 103205 317722 183544 aiphao
) N the parameter list, activate the desired N0 ese  torass s tsosas e
values via the context menu (Flgure 42) 120001 21511 111547 |332112 194261 2
13 0002 (213224 115326 341831 19688 >
[0 o
H H H H 14 -0.003 211363 11846.7 354865 20100.5
mmm) Using Graphics 1 & 2, display the relations I o
. 15 -0004 (209594  12030.8 375230 205148 Soeff
of cxx and crz versus axial clearance, as well 160005 |oorons  |woorer |sessss  |svsany v
. wy
as pmax and L10rh versus axial clearance 170006 206ES4 115104 w025 217476 =
: 18 -0.007  2069.93 10340 491006 228229 My
(Figure 43 / 44). -
19 0008 208446 873365 539228 265114 .
& 12 (= || (= Calculate Report Close
. 320001 [ 625000 2325 —pmax —L10tk 12000
B 300001 I 11500
E_ I 575000 23007 111000
+ o —_— o =
£ 28000 5000 E £ 2275 Ti0500 =
| o
Z 260007 [ 2= % o 22507 T10000 =
= = 4 ac o
5 24000T r 475000 = 3 22257 9500 £
o i @ 4 =
& 220001 I 2 & 55001 3000 =&
2 r425000 £ = _ | 78500 B
2 o000t 3 @ g awn T8000 @
- = = e 1oz o
= 1go007 375000 £ x 2150 7500 E
o 1 r = 21251 F 7000
£ 16000 325000 T 6500
= L 21007
= 140007 _ + 6000
} } } } } } f - 275000 20757 T } } } } } }
6 L un un (=] L un L 6 L u L (=] un un L
. = (=] o o o = " - (=] o o o =
S =1 =1 =] =1 =1 =1 =1 =1 =] o =] =1 S
' = =] = = =] = ' = =1 = =1 < =1
< ' < = = < ' < = <
Figure 43 Axial clearance [mm] Figure 44 Axial clearance [mm]

‘ It is evident that an increase in axial preload clearly benefits the stiffness, and that the service life

reaches an optimum at 4 um axial preload.

‘ It should be noted that preload also increases the wear parameters PVmax and QV. Therefore, for high-
speed applications, an appropriate balance has to be found.

MESYS AG Ball Screws Starter Basics

14 /18


https://www.mesys.ch/manual/optimization.html

MESYS AG
Technoparkstrasse 1
CH-8005 Ziirich

re AG

info@mesys.ch
Engineering Consulting Softwa T: +41 44 455 68 00

Wear Parameter PVmax Wear Parameter QV

— ast —PVmax_il T —_ Qy_il
é —P¥max_ir oat Qv
e P i} —aur
= £

5 3

£ 7

o [:F}

= £

@ T

& T

E o

5 5

a =

B

=

Position [mm] Position [mm]
Figure 45: Single load case; PVmax at Pa =—0.01 mm (preload) Figure 46: Single load case; QV at Pa =—0.01 mm (preload)
Dashed: without preload Dashed: without preload

6.6.3 Definition of the target preload based on an overall evaluation

For a final evaluation, an overall setting for our single load case should be determined based on the given graph-
ical results.

Contact stress (Chapter 6.2):

Contact stress

Figure 48: Pure 4-point contact condition

‘ Pa of -0.01 mm generates
four-point contact over the en-
tire nut length (Figures 47 /
48).

20007

18007

16007

14007

Cantact stress [MPa]

12007

mmm) The corresponding increase in
stiffness should be weighed -
against the wear parameters resulting from the targeted

Fosition [mm] speeds and evaluated accordingly.

10007

Figure 47

Circumferential ball advance (Chapter 6.3): Circumferential ball advance

—Ab_circ

‘ This kinematic parameter can be reduced from the previous
0.07 mm to 0.0225 mm with a Pa of =0.01 mm.

Circumnferential ball advance [mm]

‘Axwalclearance Pa |-0.01 mm |

I Paosition [mm]

Figure 49
Contact stress and sliding speed on major axis (Chapter 6.4):

Contact stress and sliding speed on major axis
i R 1 X = 25 3TIMPRINS il 40 mmm) PVmax at ball 48 can be reduced to 25.373 MPa-m/s with a Pa
; ball 433 (R 7, ball 43) -
_ 16007 Tbe (R 1, bl R b?ﬁ 0oe of -0.01 mm. This effect, however, clearly does not stand up to
& 140077 R ' = . . .
2 1200 Roar £ an overall evaluation of the application.
£ 1000 ' %
E 800 0 g
£ 600 £
S 400 001 &
200 002
L h EE E R L L
[ = T = R | O o = o o™
o CI! (=] (=] (=] (=]
Position [mm] Figure 50
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Contact dimensions (Chapter 6.5):

preload.

Contact dimensions
Al = 2.86684mm’, Ae = 2.96583mm*

T0.08
T0.075

T0.06
T0.055
T0.05
T0.045

Position [mm]

0.07
0.0685

Ellipse contact area [mm?]

0.04
0.035

Figure 51

MESYS AG
Technoparkstrasse 1
CH-8005 Zirich
info@mesys.ch
T: +41 44 455 68 00
0.3254all
E
E
‘ The semi-axes of the contact ellipses, and thus the contact | %
areas, show congruence with the pressure distribution under E
a
‘ Axial clearance Pa |-0.01 mm | =
[
Figure 53

6.6.4 Alternative approach

Using an alternative approach with a preloaded double nut

(Figure 53), the tilting stiffness about the Y-axis is to be %
optimized. /)
For this purpose, General ~ Geometry  Configuration  Loading YK A %i %i %Q
the number of Mumber of starts ns |1 |/\A/‘
starts per side is
P Mumber of turns nt
to be reduced to Fa
a value of 2: ead Ph mm
Figure 52
General Geometry Configuration Loading ‘ Under the |Con_
Consider multiple nuts figuration' tab, insert 2 rows us-
Position [mm]  Offset [mm] ing the == button and assign
16 0 each a distance of 6 mm from
2| 0 Figure 54 the coordinate origin (Figure

‘ Check the layout via Graphics / Load distribution 3D (Figure 55).

54).

Figure 55
‘ Please start the parameter variation.
‘ With the help of parameter varia- | @ roermee varisien o
tlonl It can be Shown that Under Generate List Optimization Parameter list Graphics 1 Graphics 2 Settings
the same loads as in Chapter 4.6.1
) N Parameter Start value End value Number of steps $
for the single load case, an equiva- + | 51.0ffset % mm 0 wrE | =
lent tilting stiffness in Y can al- %
ready be achieved with about 50% |  addtonsirues | O1oct In ‘Configuration” |
less preload travel (Figures 57 / Parameter Start value End value Based on e
58) 1 B2.offset_x [mm] o 0.005 B1.offset_x [mm] =
8
Figure 56
Single nut, 3 turns: Double nut, 2 turns each:
E T 475007
I 300007 3
= | T 45000
% 28000 % 42500 1
z 260001 3 o000
3 240007 S 75001
o 220007 = 35000
8 200001 3 | 32500
k= E |
5 180007 &
2 15000 2 27500t
= 140001 F ooy
t } t t t } T 22500 F t t t t t t t t t {
= L u [T (=] u u [Ts] u un mn m u o~ mn = u
s 5 & & g £ & g £ 8 8 8 & & g & 8§ °
g s s 2 S & s g2 & 8 8 & ¢ &
Figure 57 Axial clearance [mm] Figure 58 B1.offset x [mm]
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Wear Parameter QW Wear Parameter QV
—Qv_il B1
=Qv_ir B1
- = — el b
E - — Vv _er B1
Z 2
5 = —QV.ir B2
g =
= i —QWV_er B2
] i -
= m
A a
3 =
g M
S~
T oo o -7
Figure 59 Position [mm)] Figure 60 Paosition [mm]

‘ The reduction of the maximum value of the wear parameter QV amounts to 92% for QV_il and 77% for
QV_er when using the preloaded double nut compared to the preloaded single nut.

Contact stress Contact stress
—pil
30001 20007 —pir
= 17507 =RE
— Z —
g 1800 = 15007 et
% 16007 g 120
2 Z 10007
g 14007 2 7507
B G
= .
S 12001 w500
2507
10001 .
05— 5 = 1h &6 i+ 1n = o
T o ri T
Figure 61 Pasition [mm] Figure 62 Pasition [rmm]

‘ In the case of a preloaded single nut, operation is limited to pure four-point contact (Figure 61). By using
a preloaded double nut, however, operation with wear-optimized two-point contact can be achieved
over the entire length (Figure 62).

12000+
11500 22000+
— 110007 — 200001
= 105007 =
£ 100007 £ 180007
2 95007 2 1s000T
T 0000T 3 1
3 85007 y 14000
= =
g 8000 2 [Tzo00f
L = L
b 73007 E Il
£ 70007
6500 T 20001
6000
} } } } } } } 6000 7 } } } } } } } } } {
= [Fal L L (=] L L 73] u u u om u o u = u o
sl 5 g 2 & 8 5 g 32 8 8 8 & 8 &5 8 8
T S S S S b= S s S o S S 9 s o S S
(=] ' (=] (=] (=] B o B (=] (=] ' (=] (=]
Figure 63 Axial clearance [mm] Figure 64 B1.offset_x [mm]

‘ The use of a preloaded double nut shows a potential lifetime gain of up to 100% compared to a purely
stiffness-optimized preloaded single nut with the same stiffness (Figures 63 / 64).
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MESYS wishes you an instructive and profitable experience with our tutorials. If you have any questions, sugges-
tions or queries, please do not hesitate to contact info@mesys.ch .
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