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https://gearbox.programy-mm.pl

Gearbox

Introduction

GEAR is a computer program used to design toothed gears with the flank pitch line (GEAR_ZS
program serves designing toothed gears with pitch helix). These can be classical gears of various degrees of
complexity as well as power shift type gears. The program alows the user to achieve multi-criterion
optimization of agear due to combining different sets of criteria. At present, gear strength calculations can
be done according to the 1SO 6336 standard.

The application of multi-criteria optimization enables the user to have different approaches to
designing gearboxes (any set of partial criteriaand their weightsis possible). The use of efficient optimizing
procedures guarantees efficient search for the best solutions. The program - through the suitable structure of
criterial functions - provides optimum load distribution for individual pairs of gears.

As there is a significant number of parameters, coefficients necessary to carry out calculations, a
rule has been introduced that finally almost al the datawill have initial values (suggested by the program).
Obviously, amost each value will be able to be atered in an appropriate dialog window. All in al, even a
user whose knowledge of toothed gear designing is limited will be able to do calculations and gain
satisfactory results. Data concerning gear structure, element parameters, information on duty and
optimization parameters will be shown in dialog window. It will be possible to modify al the above-
mentioned data.

The figure below shows a power shift type gear.

The user has to determine the structure of the gearbox, what is performed in avery simple manner.
The structure data for each transmission must be saved, just by using the dialog box, under the full control
of the program (no accidental input errors) and then, the initial data for the gears will be generated from the
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templates. There is also possibility to present in appropriate window the scheme of an analyzed gearbox,
during the entering input data of the transmission structure.

The software includes a module which allows setting initial parameters of toothed gears when a
need to create new gearboxes arises. Particularly, the module adjusts the number of teeth to assumed
number of gear ratios for all gears. Therefore, the initial gearbox design phase is significantly simpler.
Adjustment of the number of teeth for a complex gearbox can be difficult because there is a great amount of
available combinations. Thanks to this module, a user who wants to begin calculations of a gearbox only
needs to define its structure and indicate gear ratios for individual gears.

Depending on applied modifications to particular gear parameters, an appropriate type of a gear is
generated (three types of atoothed gear have been assumed). Appropriate dialog box serves for modifying
the type of a gear in avery convenient way. The modification automatically adjusts parameters of the gear.
The software validates correctness of applied parameters on the stage of data preparation - verifies the
possibility of creating actual toothed gear - and suggests automatic modification of data. A user can allow
automatic data modification, can modify the data manually, or ignore the warning. During optimization, the
software on each of the processing steps also checks the possihility of creating an actual toothed gear. If
data generated by an optimization procedure do not fulfill the requirements, then such a procedure will not
launch. As aresult, the calculations take less time.

Changes of input parameters are also controlled by the program - for example the program won't
allow to enter the parameter value out of allowable range. A user, preferably an experienced user, can also
modify the parameters within a specified range. A user with little experience in designing toothed gears can
take advantage of pre-set parameters and conveniently launch and complete the calculations.

A module can be expressed in [mm] or [1/cal] (DP - Diametral-Pitch). It can also be selected in
three different ways. as any module of the particular range, as any of the series of standardized modules
types, or selected from among the series of types. A modification to a module for the given toothed gear
results in automatic modification of all associated gears. During edition of a given toothed gear data, it isalso
possible to select the ‘ same module for al gears' option and then, all gears of a gearbox will be associated
with a module that is expressed with the same units and they will be selected according to the pre-defined
selection schedule.

Gear strength calculations are conducted according to the 1SO 6336 standard. Parameters used in
strength calculations, namely sigmaFlim — unlimited fatigue strength of a tooth root and sigmaHlim —
unrestricted strength of a tooth side, were determined experimentally. The toothed gears used in the
experiments were made of five types of steel and their toothing was finished in two ways (by grinding and
shaving). Within the software, it is possible to enter parameters for a given material and conduct respective
calculations. Modification of a material results in immediate modification of all parameters of materials used
in the given toothed gear. Moreover, selecting appropriate option in the dialog box alows setting similar
parameters of materials applied in all gears of a gearbox automatically.

The program uses efficient optimization procedures and, in case of gaining local minima, it resumes
calculations automatically, modifying the start point adequately (three methods. two determined methods
and one random sampling method). Such an approach enables one to search the solution space constantly.

Optimization procedures can be automatically switched by the program or manually by the user.



Calculation results can be observed in a special dialog box. User can also enable or disable the
additional window, which shows the variability of the optimization criteria as a function of the number of
optimal steps. The graph shows plots for all selected sub-criteriaand for global criterion. The X-axis scaleis
changing dynamically and it depends on the current number of optimal solutions. Data and results of
calculations are saved to text files. Every such atext file with calculation results can be immediately used as
astarting point for subsequent calculations.

The program can run under any 32-bit or 64-bit Windows operating system, but also it can be
specially compiled and optimized for specific processors. It has an advanced multi-language installer, help
documentation in various formats (HTML, CHM, and PDF) and multimedia demo. Program also updates
automatically or on user demand.

The presented GEAR program has reached a certain stage already and its many features here
discussed shall be gradually implemented, but even now most complicated and useful computations are fully
possible. By using the GEAR program, it is possible to get a much shorter project cycle, optimized
parameters of components and the optimized parameters of the whole gearbox.

This help contains information on how to use the program. Each stage of the project development is

described in a separate chapter. Additional information can be found on the program website, from which

you can also download various versions of the software.


http://www.gearbox.com.pl/

Program description

Status of the Project

Gear

Gear Structure

Wheel Parameters

Axis distances

Gear Ratios

Operation Data
Coefficients

Partial Criteria
Optimization Parameters
Calculation Results

Gearbox

7162



Status of the Project

All the stages necessary to do calculations leading to gear optimization are located in the dialog
window ‘ Status of the project’. As soon as the given stage, described on the button, is complete, the focusis
on the * Status’ field for that stage and the next stage may begin.

Note: All changes entered during particular stages do not affect the contents of the input data file and are
entered in the resultsfile. They are saved on the disc only after at |east one step of the calculation procedure
is performed. Every text file with caculation results can be used as a starting point for subsequent
calculations.

BH Status of the Project - PL Eﬂlg

Fill in data: Status:

Gear

[]

Gear structure

Letermination wheel parameters

Modification wheel parameters

Aaxis distance

Gear ratio's

Dperation data

Coefficients

Farial criteria

O O O O O O O O O

Cptimization parameters

| About | | Help | | Tools |

| End | [Cumpute]




Having ticked all the Status sgquares, the program can start gear computations. It is obviously possible to
return to previous stages and correct the data they contain.

Click to trigger a computation process, which can be continued as long as it is needed.
Select to find explanations to the program and enter to display information about the program

version and its authors.

GEAR Program

(multi-criterion gear optimization)

wer13l 201412

authors: Marek Martyna 1 Jan Zwolak

] Check update

| hitp:/ fwasn gearbox.com.pl

The button displays information about the main changes introduced into the current version of

the software.

i N
Gear => what's new? u

I@ Changes compared to version 1.3.0:

1. new option: Determination wheel parameters
2. added new sub-criterion: transmission efficiency
3. calculation of maximum and minimum thickness of gear teeth
4, calculation of max and min span measurement per n teeth
5. calculation of involute profile angles in five
characteristic points
6. new option: Tools - provides additional features
7. introduced in print initial ratios, final and their
percentage change
8. modification of program update options
9. update of program help

OK




The program activates an automatic update once a month. The updating can be also activated by the user at
any time, during the program operation. Updating process launches after selecting the ‘ Check update’ field
and pressing the button. Information and dialogue widows appear on the screen, allowing for

program updating:

[ B% GEAR_PH update S

[fthere is a newerwersion of the program, itwill be downloaded.

Flease click Continue and wait for complete download, execute
the installation. After installation is complete, the new wversion

will be active after restarting the program.

Cancel | [Cuntinue]

If the below window appears, wait until the software finishes downloading datafrom an external server. The
window disappears just before the start of installation. The software will indicate the end of installation, then
it will automatically restart and prepare to work in the new version. Hence, the user doesn’t have to close

the old version and open the new one.

FE Program update ﬂ1

Please wait!

If the version installed in the computer isidentical to that on the server, the updating process finishes with a

message shown below



E Program update -> program is up to date u

GEAR_ph Frogramwer1.3.0

The latest version of program is installed.

and passes to the normal operation mode. Alternatively, a message will appear to which the user will

respond accordingly.

The software’ s website is also accessible through the window.

The Status of the Project dialog box features also the button. Since the option is quite complex, it was
described in a separate paragraph: 'Tools. When the option in the window Status of the Project is

selected, the preparations to data processing or the calculation procedure will be interrupted and the program
will close.

When some Status boxes haven't been ticked and the option will be selected, the following
message will be displayed:

.
Project state E

|@ Project was not defined. Introduce data for the project.

OK

Using the button results in switching of program on the Polish version, as shown below:



rE Stan projektu - ZP Eﬂu

Wprowadz dane: Stan:
Frzektadnia ]
strukdura preektadni ]
YWheznaczenie parametrdw kot ]
bodyfikacia parametrom kot ]
Odlegoéci osi ]
Frzetozenia ]
Dane eksploatacyjne ]
Wspotczynniki ]
Krytetia czastkowe ]
l Farametry optymalizac]i l ]
| O progr. | | Fomaoc | |Narz@dzia|

| Zakoricz | | Oblicz |

Only at this stage can another language version be selected. When the program is started in the operating
system in alanguage other than Polish, the English language will be selected automatically.



Tools

The 'Tools' module provides the user with additional and helpful functions which are not directly
applied during accomplishment of subsequent project phases. Currently, only the 'Calculations option is
availableand it isillustrated below. The window has two parts. The first part refers to the possibility of
setting the 'gkn' tooth thickness on the pitch diameter (around a curve) on the basis of the set of selected
values: the correction factor 'x', the module 'm' and the profile angle 'afal’. The second part alows
accomplishing reverse operations, i.e. when the 'gkn' tooth thickness on the pitch diameter is known, and

the user seeks for the correction factor 'x' for the set values of the module 'm' and the profile angle 'alfal'.

rE Tools M1

Calculations | | |
x-» gkn
carrection factorx madule m profile angle alfal
0.0000 6.000 - 200 -
9.4245 gear tooth thickness on pitch diameter along arc gkn
gkn-»x
geatrtooth thickness gkn module m profile angle alfal
9.4248 [ 2] 5.000 - 20.0 v
0.0000 correction factor x
Cancel ] [ Canfirm

|

The calculations proceed in an interactive mode, i.e. each change in any of the parameters results in an
immediate change in the expected value.



Gearbox

-
E Toaols

Calculations | | |
x-> gkn
correction factor x module m profile angle alfal
0.56900 5.000 -
: : : 175
10.2109 geatr tooth thickness on pitch diameter along arc gl 200
gkn-»x
gear tooth thickness gkn madule m profile angle alfal
9.4248 [ = 5.000 - 200 -
0.0000 correction factor x
Cancel Canfirm

The below figure illustrates how the option functions when calculating the correction factor.
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r !
E Tools u
Calculations | | |
x-> gkn
correction factor x module m profile angle alfal
0.56900 5.000 - 2eh -
10.2109 geat tooth thickness on pitch diameter along arc gkn
gkn-»x
gear tooth thickness gkn madule m profile angle alfal
11.4248 [ 5000 - 200 -
0.95811 correction factor x
Cancel ] [ Canfirm
|

If in the course of calculations the assumed correction factor range for given parameter values is exceeded,

the software displays a warning.



Gearbox

-
E Toaols

Calculations |

x-> gkn

correct

gkn-»x

gearto

War

ning

I@ The correction factor outside the range

of vaniation: -0.285 <=x <= 1.500

OK

74248

-0.4579

6.000 -

correction factar x

—_W&ngle alfal

200

-

Cancel ] ’ Confirm
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Gear

Here you can choose the calculation folder, data file and result file. The folder name and location
can be introduced into the Folder editing box by typing, copying or clicking the button. The result
file name is generated automatically. However, it can also be typed or copied. The rule is adopted whereby
the data files and result files always have the extension ‘*.prz’, for example: ‘en_classic.prz’. After the
calculations, the result file can be treated as a datafile (a start file for further calculations).

BH Select the folder, data file and result file lﬁ]
Faolder:
dyprogram files (x86)yprzekladnia - Folder
Data file: Fesultfile:
en_power_shift.prz - en_power_shifi_1.prz

Gear schematic

Cancel | [ Confirm

Files found in a selected folder are displayed in the Data File editing box. Files prefixed with 'pl_" arefiles
containing data and descriptions in Polish, files prefixed with “en ' arein English. Here, you choose existing
datafiles or type anew file name. The name of theresult fileisinitially generated in the Result File editing
box on the basis of the data file name. Schematic diagrams of exemplary gears can be displayed in the
subsequent stage Gear structure. Availability of the given gear schematic is indicated by the highlighted
selected field 'Gear schematic'. When the new data file name is entered (the name need not have the
extension "*.prz"), the focus is on the field 'Gear schematic' and the dialogue window will be modified, as

shown below:



ﬁ Select the folder, data file and result file S

Folder:

d\program files (x36)\przekladnia -
Data file: Fesultfile:

= - new_1.prz

File narme:

Gear schematic

Cancel | | Canfirm

The button can be used to indicate the location of the gear diagram on the disc (provided it exists), and
the name of the file containing the schematic diagram will be written in the editor field 'File name'. The
popular file formats. 'omp' and 'png’ are now accepted.

If the new data file nameis entered (a new gear), then the specifications of the structure have to be entered
in the next dialogue window Gear structure, and in the window Wheel parametersthe wheel parameters will
be read from the pattern register which has to be modified accordingly. Without any modifications, the
optimization will start for the wheels with the same parameters.

Clicking the button results in returning to the Status of the Project dialog window without
accepting the altered gear data (folder, data file and result file). Whereas selecting the button makes
the program accept the new data and then return to the Status of the Project dialog window.

The figure below shows a conventional dialog window allowing folder choice (turned on by clicking
the button. Another selected folder is attached to the Folder editing window displayed in the
previous window. If there are any files in the selected folder, they are displayed in the Data File editing
window.




Gearbox

Select directory E

D:\Program Files (xB6)\Gear
> |  Program Files -
4 | Program Files (x86)
B J, Analiza
>}, DagCOM H
> | FileZilla FTP Client
), Gear|
> }.  IBE Software
> ), InstallMate 9
> p. Intel
> J, LISA_FET
> J. Measurement Computing -
OK Anuluj

The folder selection can be confirmed by clicking OK or cancelled with the Cancel button.

When selecting the file with a gear schematic (theFile button), aclassical file section window is displayed,
as shown below:
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Gearbox

B4 Select file

—x=)

@v\ ] « Dysk(D » Program Files (x86) » Przekladnia
e ——_—————

v| 4y ‘ | Przeszukaj: Przekladnia R ‘

Organizuj = Nowy folder

=~ 1 @

*  Nazwa

‘= Biblioteki B
L%, Dokumenty
55 MM
HQ, Muzyka
=, Obrazy
B wideo L

& nowy_schemat_przbmp

'l% Grupa domowa

& Komputer
& Dysk (C)
= Dysk (D:)

Data Typ

2012-02-04 22:05 Plik B

=z Dysk (E) v 4] ]

| 4

MNazwa pliku:

20/ 62
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Gear Structure

The picture shows a dialog window, displaying in upper part the number of gears, the number of
wheels and gear structure. All the information is read from the data file or introduced by the user. The
structure can be modified. A completely new structure can aso be defined by introducing pairs of wheel
connections for particular gears, using the bottom part of the diadlog window — Define or modify the
structure. If a new data file name has been introduced into the Select the folder, datafile... dialog window,

the new structure needs determining.

[ E Gear structure M1

Mumber of gear speeds:  Structure: Show diagram of gear
\I| 21(1)+25(3)_z6(31+29(41_z10(4)+212(5)

2111
Number of gearwheels: 22(1)+24(2)_z3(2)+25(3)_26(3)+23(4)_z1 D{4)+212(5)
22(1)+24(2)_z3(2)+25(3)+27(4)_z10{d)+212(5)

22(1)+24(2)_23(2)+25(3+27(4)_28(4)+211(5)

Define ar modify the structure

Gear speed: Fill in or paste data for the selected gear speed e 21(1+22(2)_z3(2)+z4(3)
21{19+25( 32 7(4)_z8{4)+z11(5)
zi+zj -» mating parts zi_zj -» gear box shaft (w -> shaft number
[ Delete l [Change ] l Adld ]
[ Cancel ] [ Confirm ]
S —— J

The upper part of the dialog window contains information on the gear structure. If you select aline
in the Structure editing field (by clicking on it), there will appear an adequate gear number in theGear speed
field and a sequence of toothed gears in the Fill in data for the selected gear speed field in the bottom,
editing part of the dialog window. Similarly, selecting agear inthe Gear speed field, a structure entry for a
chosen gear isdisplayed in the Fill in data for a selected gear speed box. Here, you can modify a pair of a
chosen gear and introduce it into the gear structure using the button or remove the chosen gear by
clicking

When the field is indicated, the focus is on the schematic diagram of the
analysed gear, if it exists (exemplary gears or the diagram files indicated at the previous stage).



'S
Gear diagram u Gear structure |i|
Z1 - Murmber of gear speeds:  Stucture: Show diagrarm of gear
Sp | 8 21(1)+25(3)_z6(3)+2904)_z10(4)+21 2(5)
P W
| T [ ] 1000
L (1) 1(5)
—_l___ Mumber of gear wheels: | 22(1)+24(2)_23(2)+25(3)_z6(3)+29(4)_210(4)+212(5)
i = 22(1)+24(2)_z3(2)+ 253+ 27 (4)_210{4)+212(5)
i ] 2201+ 24(2)_e 32+ 2R (TP )bz 1 (5)
z3
Lo Define or modify the structure
z5 - st
1 Gear speed: Fillin or paste data for the selected gear speed eq z1(1)+22(2)_z3(2)+z4(3)
I1T
21(1)+25(3) r27(4)_zB(4)+211(5)
28 iy zi+zj > mating parts zi_zj-> gear bhox shaft () > shaft number
L 82 83 [ Delete I l Change ] [ Al I
v
W T Z10
£11
J ¥

Using the highlighted diagram, particular links in the gear structure can be easily found and correctness of
the existing entries of structures verified.

In case of editing anew structure the Structure box isinitially empty. A pair of wheels can be typed
or moved to the Fill in data for a selected gear speed box. When typing a sequence of wheels for a given
gear, use the plus sign '+' between the wheel designates if the wheels cooperate, and the underline sign *_'
for the wheels bend with a common shaft. Each wheel description always begins with the ‘Z' sign, for
example z1, z5, z12 etc. Additionaly, after the symbol of every gear one should to enter shaft number
(parenthetic), whereon himself finds. While introducing wheel pairs for a chosen gear, the number of the
edited gear appearsin the Gear speed box. On completion of the structure description for a particular gear,
don't press keyboard ‘Enter’ button, select the button, which will put the gear into the gear structure
(the Structure).

The entering of links of the new structure is monitored on an online basis. In the case of incorrect
entries, warning notes will appear, for example:



or

F' h
EGearstructure l D J

Mumber of gear speeds:  Structure: Show diagram of gear D

[ o]

Mumber of gear wheels:

[ o]

Define or modify the structure

Gear speed: Fillin or paste data for the selected gear speed e z1(1)+z2(2)_z3(&)+z4(3)
- Al
zi+z] -> mating pars zl_z] -> gear box shaft [w) -> shaft number
l Delete ] lChangel [ Add l

| Cancel | | Confim |

Gear structure

@ Incorrect character. Among the letters of the alphabet, only the
letter 'z' is permissible.

OK




EGear structure | % |

Mumber of gear speeds:  Structure: Show diagram of gear ||

[ o]

Murnber of gear wheels:

Define ar madify the structure

Gear speed: Fillin or paste data for the selected gear speed eq: 21 (1+z2(2)_z3(2)+z4(3)
- z1(1+z2(2)_230)
zi+z] -> mating parts zl_z] -¥» gear box shaft {w]) -> shaft number
[ Delete ] lChange ] ’ Acdd ]
[ Cancel ] ’ Confirm ]

r
Gear structure E

[@ Incorrect character. The symbol '(" must be followed by a digit.

OK

When the key in the window Gear structure is selected, we return to the dialogue window
Status of the project and the data relating to the data structure will not be accepted. Whereas, clicking
accepts the structure data and opens the Status of the project dialog window.

In the program one placed exampl e files with data for the ‘ power shift’ gearbox, shown below:



_710(4)+z12(5)

+212(5)

+711(5)

and for the classical gearbox:

1l 7o
I
e T
! I
I T SR
I Z3 Z4
: o IT
|
Lo o]
Z6
75 51
—¥ n I1IT
Z8 I
T Z9
82 83 ]
= IV
77 “le]
- z12
Z11
—— - v

recording of the gear structure:

z1(1)+25(3)_z6(3)+z9(4) z10(4)+z12(5)
z1(1)+25(3)+z7(4)_z10(4)+z12(5)
z1(1)+2z5(3)+z7(4)_z8(4)+z11(5)
z2(1)+z4(2)_z3(2)+2z5(3)_z6(3)+z9(4)

22(1)+z4(2) _z3(2)+2z5(3)+z7(4)_z10(4)

z2(1)+z4(2)_z3(2)+z5(3)+z7(4)_z8(4)



z3
z2
z1 I

25

recording of the gear structure:
z1(1)+z4(2)_z6(2)+z3(1)
z1(1)+z4(2)_z5(2)+z2(1)
z1(1)+z4(2)_z7(2)+z8(3)
where (3) - shaft of the back running wheel z8, the shaft and the wheel z8 are not shown in this
diagram



Determination Wheel Parameters

This part of the software alows for setting initial parameters of toothed gears for new gearboxes.
Particularly, it adjusts the number of teeth to assumed number of gear ratios for al gears. Therefore, the
initial gearbox design phase is significantly simpler. Adjustment of the number of teeth for a complex
gearbox can be a serious challenge because there is a great amount of available combinations. Thanksto this
module, a user who wants to begin calculations of a gearbox only needs to define its structure and indicate
gear ratios for individual gears.

If a new name of a gearbox is entered into the '‘Gear' module, then the software proceeds to the
'‘Determination wheel parameters phase, provided that the structure has been defined. This phase isinactive
if the software operates on an actual gearbox (it cannot be run but it is marked as accomplished).

In the case of calculations for a new gearbox, there is a possibility to skip the 'Determination Wheel
Parameters phase. It is only necessary to check the 'Skip determination of parameters...' field in the below
dialog box, and the toothed gear data will be imported from atemplate (they are identical for each toothed
gear). The data can be maodified in the next phase (Modification Wheel Parameters) or during the
optimization process. If thisfield is checked, the button isinactive and the
user may only press the or buttons.

-
E Determination wheel parameters u

Skip determination of parameters =» download data from template
Gear Fresetrafio Ohtained ratio
1 - 1.0000 0.0000
Accuracy of calc. ratios bax number of sets
0.01 - 100 -
bdin b
Mumber of teeth 13 - 100 -
kdadule m Frofile angle altal
5.000 - 2n.a -
| Determine parameters of wheels | | Fesults
| Cancel | | Canfirtm |




If the 'Skip determination of parameters..." is not checked, then it is possible to start searching for toothed
gear sets by way of entering expected gear ratios, their determination accuracy, range of toothed gears and the

maximum number of expected sets which provide the required gear ratios andpressing the

button.
-
E Determination wheel parameters u
Skip determination of parameters =» download data from template
Gear Fresetrafio Ohtained ratio
3 - 0.5286 0.0000
Accuracy of calc. ratios bax number of sets
0.005 - 100 -
bdin b
Mumber of teeth 77 - 47 -
kdadule m Frofile angle altal
5.000 - 2n.a -
l Determine parameters of wheels l | Fesults
| Cancel | | Canfirm |

After pressing this button, the software begins to search for toothed gear sets which meet the conditions for
gear ratios. The operation may take awhileif agreat level of accuracy is expected and there are alot of
toothed gears. The below information will appear on the screen. Wait until the calculations are finished.



Gearbox

-
E Determination wheel parameters E

Skip determination of parameters =» download data from template

Gear Freset ratio Ohtained ratio

3 - 0.5256 n.o0ooan

Please wait!

I Cietermine Earameters of wheels I Fesults

| Cancel | | Canfirm |

L A

As soon as the information screen disappears, the calculations are over. The Results button is now active
and it allows presenting the solutions which have been found. If the software did not find any solution, then

an appropriate message appears on the screen with a suggestion to restart calculations. The best solution for
currently selected gear is presented in the 'Obtained ratio’ field.
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-
E Determination wheel parameters u
Skip determination of parameters =» download data from template
Gear Fresetrafio Ohtained ratio
3 - 0.5286 0.5284
Accuracy of calc. ratios bax number of sets
0.005 - 100 -
bdin b
Mumber of teeth 77 - 47 -
kdadule m Frofile angle altal
5.000 - 2n.a -
l Determine parameters of wheels l l Fesults
| Cancel | [ Canfirtm ]
By clicking on the button, the user can display a dialog box with toothed gear sets, gear ratios for

individual gears and the appraisal criterion values for each set. The best solution is marked with the green
colour and the row number of the solution is displayed in the bottom 'Min in arow' edit box.



-
Choosing a set of wheels ==

z1 7 z3 zd zh zh z? it I
g0 hh. 74. 0. 35 39 39 26, 34.
a1 56 78 30 36 39 39 25 32
g2 5E. 79 90. 36 39 39 25, 32
83 EE. 78 90. 36 39 39 27 35
84 BB 79 90 36 39 39 27 35,
85
86
87
88
89
a0
< | Il | 3

kAir in & rowe a7 Selected set a7

"l

By clicking on an element of any row (other than the row which displays the best solution) the software
highlights it in blue, and the row’s number appears in the 'Selected set' field located in the bottom. The
software assumes that when the button is pressed, the user selects that particular solutions for
further calculations. The 'Choosing a set of wheels' dialog box is scalable, which meansthat it is possible to
changeitssize. It isaso possible to use scroll barsin order to see values of the remaining parameters which
are hidden at a given moment.

ﬁ Choosing a set of wheels ==

z1 2 z3 24 zh zh z7 z8 ratio_1 ratio_2 <
75 b4, 83 9. 33 39. 37 22. 3n. 1.4700 1.3006 |
76 b, 83. 4. 33 39 37 23. 3. 1.4700 1.3006 I
77 54, 82 89, 33 39 37 23 31 1.4700 1.2849 |
78 5A. 81, a0. 35 40. 3. 27. 35, 1.4685 1.2866 I
79 hh. 81, 0. 35 40. 34 26. 34 1.4685 1.2886 I
a0 B8, 749, 90. a5, 39, 39, 34. 1.4685 1.2890
| b6 78. 0. 36. 39. 34 25 32 1.4835 1.2857 I
82 B6. 79 0. 36. 39. 38 2h. 3z 1.4835 13022 |
83 56 78. 0. 36. 39 34 27. 35, 1.4835 1.2857 I
84 BE. 79 0. 36. 39 39 27. 35 1.4835 13022 |
a5 56. 7. a0. 36. 39. 3. 28. 36. 1.4835 1.2857 I
86 7. 78, 91. 37 39 40. 28. 36, 1.4768 1.2982 I
87 g 37 7.
a8 7. 78. 93. 37 39. 41. 28. 37 14724 1.2582 IH
89 B6. 7a. 9. 36. 39. 38 28. 36. 1.4670 1.2857 |
90 56 78, 4. 36. 38, 34 28. 37 1.4670 1.2857 I
91 BE. 7B 89, 36. 38 39 28. 36. 1.4670 1.2857 [ B
< | n | 3

tin in & rowe Y Selected set T
There are two additional fields in the dialog box: 'Module m' and

'Profile angle afal’. These parameters can be selected or typed at any moment before closing the dialog



box. The both parameters (together with the generated set of the teeth number) are applied to modification
of data from the template. They also alow initial selection of e.g. tooth point diameters (‘'da), root diameters
(‘'df"), diameters of the wheel rim hub (‘di_z'), outer diameters of the wheel hub ('di_w") as well as inner
diameters of the wheel hub ('d_0"). Thanksto that, it is not necessary to modify toothed gear parametersin
the subsequent phase in order to start the optimization process (no messages about incorrect relations among
the diameters are displayed).



Modification Wheel Parameters

The figure shows a dialog window allowing you to review and modify the existing set of gear wheel
parameters, or to edit a new set of parameters. Here are displayed: a gear name (Gear name), a number of
wheels (Number of wheels), recently modified gear wheel (Recently modified gear wheel) as well as the
number of awheel, whose parameters you intend to edit ( Edit gear wheel datg).

E Selection of wheel number E

Gear name: MNumber of wheels:

en_paower_shift.prz |

Fecently modified gearwheal: E

Editthe gear wheel data; z4 -
| Cancel | [ Confirm ]
Clicking returns you to the Status of the Project dialog window without the altered parameters being

accepted. Clicking opens other dialog windows, containing parameters of a selected wheel. Choosing

the command accepts wheel parameters and opens the Status of the project dialog window.

If the data file name was changed (a new gear) in the Select afolder, datafile... window, then the  Data of

zi wheel’ dialog window will load parameters from an adjustable template for each whedl. A wheel type and
parameters of materials will also be assumed. In case of using a wheel parameters template, type of the
wheel and values of parametersfor al the wheels areinitially identical.
The next figure includes the first of five parts of a selected whedl data.



FE Data of z8 wheel u1

wheel type |Materia| | Parameters 1 | Parameters 2 | Parameters 3|

the rirn-rik’” fype with & hub the raller type the rirm-huby” type
: i 9
i ] I 5 t I B
bn-'l =~ e : % | b bp I x\\l b
; § bg £ ~\\ r ! \\ |
T I ! L s
|:° sp do :dn_ Sp
iw LIS
diz S| Lﬁ — diw ]
df N da —p'df
da . da
diz >0 dive > 1 diz=0 dive = ) diz=0 diwe > [0

selectwheel type:

the 'rim-rib' type with a hub -

Cancel l E Canfirm i

The ‘Whed type’ window displays three types of wheels that posses a given set of diz/diw
diameters values. Basing on the input data, the software recognizes current type of awheel and highlights it
with descriptions in the magenta colour. To change the types of a wheel, choose the select wheel type
according to the figure below:



FE Data of z8 wheel u1

wheel type |Materia| | Parameters 1 | Parameters 2 | Parameters 3|

the rirn-riky” fype with & hub the raller type the rirm-hub” type
: i 9
i i I 5 t I B
bn-'l =~ e : % | b bp I x\\l b
; § bg ] ~\\ r ! \\ |
T I ! L o
|:° sp do :dn_ Sp
iw LIS
diz S| Lﬁ — diw ]
df N da —p'df
da . da
diz >0 dive > 1 diz=0 dive = ) diz=0 dive > 1

selectwheel type:

the 'rim-hub' type -

Cancel l E Canfirm i

Each such a change results in specific modifications to the wheel parameters set, which the software
processes automatically. A user can adjust the modifications in subsequent tabs.

Here are three types (models) of gear wheels analysed in this paper.

® The ‘rim-rib’ type with a hub, whose toothed rim part is clearly formed and connected with the hub
using arib, as showninfig. 1.



[ E Type of wheel 1 u

! o [
” : y diz > 00
I H -, 17 *
i § b T
idn ip
— i dliw > 0
dig srl,
df i
da ) .

The 'rim-rib' type with a toothed wheel hub.

® The'roller’ type, in which neither arib nor a hub can be distinguished from the rim part (fig.2).

E Type of wheel 2 E

b =T
i N
N
P H
I dn
Lu dive =10
da

The ‘roller toothed gear whesl

® The‘rim-hub’ type, whose toothed rim is linked with the hub directly, fig.3.



rE Type of wheel 3 u1

” | N + diz=10

P

do | Sp

— | dive > 0
di
da

o

The rim-hub’ tocthed gearwheel type.

Signs representing geometrical parametersinfig. 1, 2 and 3 are as follows:
do —wheel hole diameter,

diw — wheel hole hub diameter,
di; —wheel rim hub diameter,
di —wheel feet diameter,

d, —wheel addendum diameter,
b —whed rim width,

b, —wheel hub width,

b —wheel hub rib thickness,
So —wheel hub thickness,

S, —wheel rim thickness.

Typing wheel parametersin dialog windows, it should be taken into consideration that if:

1. rim hub diameter di_z>0 and wheel hole hub diameter di_ w>0, then we select wheel type 1 (the ‘rim-rib’
type with a hub)

2. rim hub diameter di_z=0 and whee!l hole hub diameter di_w=0, then we select wheel type 2 (the ‘roller’
type)

3. rim hub diameter di_z=0 and whedl hole hub diameter di_w=>0, then we select wheel type 3 (the ‘rim-
hub’ type)

The next tab, illustrated below, includes parameters of materials for a selected toothed gear. Parameters
used in strength calculations, namely sigmaFlim — unlimited fatigue strength of a tooth root and sigmaHIlim —
unrestricted strength of atooth side, were determined experimentally for afew materials. The toothed gears
used in the experiments were made of five types of steel and their toothing was finished in two ways (by
grinding and shaving).



FE Data of z9 wheel u1

YWheel type | Material | Parameters 1 | Parameters 2 | Parameters 3

select matenal: selecttechnology:

- grinding of teeth -
Foisson rafio 'ni' 0.30
“'oung modulus 'E' 210000.00 tFa
density of the gear wheel material 'ro’ 7a00.00 ko fm3
surface strength (fatigue) 'sigma_h_lim' 14549.00 bFa
Brinnel hardness 'h_kh' RE0.00 kG mmz
fatigue endurance of the tooth root 'sigma_f_lim' 455.00 MPa
[]the same material and technology for all wheels

Cancel l [ Canfirm ]

Within the software, it is possible to enter parameters for a given material and conduct respective
calculations. Modification of a material results in immediate modification of all parameters of materials used

in the given toothed gear.



E Data of z8 wheel

——

YWheel type | Material | Parameters 1 | Parameters 2 | Parameters 3

[|the same material and technology for all wheels

select matenal: selecttechnology:
(el E shawing teeth

18HGH

akel

T8H2MAkAA,

4817 030

unkn o —

B L o 210000.00 rPa
density of the gear wheel material 'ro’ 7a00.00 ko fm3
surface strength (fatigue) 'sigma_h_lim' 148200 MPa
Brinnel hardness 'h_h' £30.00 kG mmz
fatigue endurance of the tooth root 'sigma_{_lim' 438.00 tFa

Cancel l i Canfirm I

Moreover, selecting appropriate option in the dialog box alows setting similar parameters of materials

applied in al gears of a gearbox automatically.

The window below contains the first set of parameters (there are 3 sets) for a chosen gear wheel in
the GEAR_PH program. The window content differs slightly in the GEAR program.



——

FE Data of z9 wheel
| YWheel type | haterial | Parameters 1 | Parameaters 2 | Parametars 3

mmin quantity P& unit parameter description

12.0000 15.0000 36.0000 deqg tilt angle of the line ofthe tooth 'beta!’
5.0000 B 4060 10.0000 mm normal module 'm'

15.0000 25.0000 25.0000 deq profile angle 'alfan’ {15.17.5,20,22.5.25,27 5,30}

17.0000 50.0000 70.0000 number of teeth 'z'

-0.2850 -0.0840 1.5000 correction factar in normeal section s’
0.5000 1.0170 1.2000 addendurn factor 'ya'

20.0000 25.0070 &0.0000 mmm tocthed wheel rim 'k’

20.0000 25.0070 G0.0000 mim hub rib thickness 'b_s'

30.0000 60.0000 140.0000 mm hub width 'b_p'

0.000a 0.0000 0.0000 mm diameter of the wheel rim hub 'di_z'

100.0000 144.0000 220.0000 i outer diameter of the wheel hub 'di_w'
Cancel l [ Cantirm ]

The minimal min and maximal max value of each parameter are boundary values. All values, including the

boundary values, can be edited. If the value of the given parameters does not fall in the range from min to

max, the warning note will be displayed, indicating the relevant parameter and the imposed constraint. This

note will be repeated until the value of the parameter should fall in the range from min to max or until the

key Cancel is selected, and the parameter value being entered will not be accepted.

The configuration button can be found in the ‘Parameters 1’ tab. It is located next to the module

parameter. After pressing the button, a window appears on the screen:



i N
E MNormal modul u

module expressed by selection method of the module:;

(@) rnodul m [rmm] (@) selected from the series

() any one of series
() Diametral-Fitch DP[1/cal]

(7) ary one of the range

watto s C rmodutu;

select module value: 64060 + [mm]
rmin quantity (1l=r
module value range: 50000/ | B4060) | 10.0000

[ Jthe sarme module for all wheels

Cancel l [ Canfirem

A module can be expressed in [mm] or [L/cal] (DP - Diametral-Pitch). It can aso be selected in three
different ways. as any module of the particular range, as any of the series of standardized modules types, or

selected from among the series of types. A modification to a module for the given toothed gear results in
automatic modification of all associated gears. During edition of a given toothed gear data, it is also possible
to select the ‘same module for all gears option and then, all gears of a gearbox will be associated with a

modul e that is expressed with the same units and they will be selected according to the pre-defined selection
schedule.



[ E MNarmal modul u

module expressed by selection method of the module:

() rmodul m [rmm] () selected from the series
(@) arry one of series

(@) Diametral-Fitch DP[1/cal]
() any one ofthe range

watto s G rmodutu;

select module value: B.0000 « [1/cal]
rmin quantity (1l=r
module value range: 3000 | eoooo) | 10.0000

[W]the sarme module for all wheels

Cancel l [ Canfirm ]

Clicking on the next bookmarks, the values of the next parameters or their changes can be viewed.



——

FE Data of z9 wheel
| YWheel type | haterial | Parameaters 1 | Farameters 2 | Parametars 3
mmin quantity MEx unit parameter description
35.0000 120.0000 140.0000 mm inner diameter of the wheel hub 'd_o'
0500 1.000 1.200 dedendurmn factor '
0.200 0.250 0.400 top clearance factor 'c'
0.000 0.070 0120 mmm upper deviation of the tooth thick.'g'
0.000 0120 0.150 mmm lower deviation of the tooth thick.'f
n.000 1.000 1.000 carburising and hardening (0-no. 1-es)
0.000 0.000 1.000 O-without protuberance 1-with protuberance
0.250 0.300 0.3z0 Foisson ratia 'ni’
206000.00 210000.00 218000.00 bMFa Young modulus 'E'
7700.000 7800.000 7300.000 ko/m3 density of the gearwheel material 'ro’
0.0060 0.0040 0.0120 mmm out-of-parallel axis 'f_x'
Cancel l [ Cantirm

The last wheel parameters dialog window contains the remaining parameters.



FE Data of z8 wheel u
| YWheel type | haterial | Parameaters 1 | Parameters 2 | Parameters 3
mmin quantity MEx unit parameter description
0.0030 0.0045 0.0070 mm axis skew 'f_y'
0.0120 0.0130 0.0400 mm pressure scale desiation 'f_pe'
0.00ga o.mezo 0.0180 i deviation of tooth profile f_f_alfa"
0.0080 00130 0.0180 mm deviation of the pitch line 'f_h_beta'
0.0010 0.0019 0.0150 mmm height of unewenness 'r_z'
1468.00 1492.00 1510.00 kFa surface strength (fatigue) 'sigma_h_lim'
520.00 EE0.00 700.00 kGimmZ Brinnel hardness 'h_k'
455.00 488.00 515.00 bFa fatigue endu.ofthe tooth root 'sigma_f_lim'
Cancel l [ Canfirm ]
Use the button to return to the diadlog window 'Select the wheel number' and the changed wheel
parameters will not be accepted. When the button isused, the ‘Data of zi wheel’ dialog window is

closed and awheel number selection window is opened.



Axis distances

Next stage of the project is to define the distance between the axes. In the dialog box 'Axis
distances, shown in the figure below, there are the following columns. pair number, pair wheels (wheels
arranged in pair), actual wheel axis distance (the actual distance between the centers of the wheels for each
pair) and required wheel axis distance (the determined distance between the centers of the wheels selected
or entered by the user). The window has three tabs that can contain up to 30 pairs of wheels.

FE Axis distances u

Fatl |Partz |Part3

pairnumber  pairwheels actual wheel axis distance  reguired wheel axis distance

1 2145 TR 2700000 [4]

2 2bved LR 2300000 (£

3 2104212 2396790 -~ 2anoo0n (2]

4 EEE 2838540 -~ 290.0000 [£]

z 282!l . 237569 2400000 2]

B 22v2d 1857194 ~ 185.0000 (£

7 2345  270EGER - 2700000 (£

2 e oo :
10 I 00000 :

axis distance determined during optimization Cancel ] [ Canfirm ]

. A

Some pairs of wheels can be associated with the same shafts, so the distance between their axes should be
the same. In such cases, the change of distance between any pair of wheels in the column required wheel
axis distance will cause a simultaneous change of distance to the other associated pairs.
The 'Axis distances option can be used in three ways:
1. User doesn't make any changes, current and entered distances between axes are identical. The program
during optimization is trying to keep the current distance between axes;
2. User modifies the distance between axes in the column required wheel axis distance, selects or puts
values. During optimization, program aimsto solve calculations for selected axes distance.
3. Selected check-box axis distance determined during optimization allows to change the distance between
axes during calculation in correlation with the optimization criteria.
The third method is superior to the others. If it is selected, it will determine the distance between axes,
regardless any changes in the columnrequired wheel axis distance.
It allows for the optimization of existing gear set (method 1), some modifications of distance between axes
for an existing gear set (method 2) or searching for better or completely new solutions (method 3).



Gear Ratios

In the program, some tolerance can be assumed for gear ratios of particular gears. It allows you to
change the number of wheel teeth, while calculating optimal values. A gear ratio and current lower and
upper deviations, aswell as resulting border ratio values, are displayed here for a chosen gear (Number of
gear). Changesin deviation values determine new border ratio values.

-
E Gear ratio’s E
Gear ratia;

Number of gear: 1E020

Lower dewviation of gear ratia [*:]; 5.0 - =3 34228

Upper deviation of gear ratio [3]; B0 - =3 3.7831

Cancel | [ Confirm ]

Clicking returns you to the Status of the Project dialog window, without approving changed
gear ratio deviations. Clicking approves the introduced changes of lower and upper ratio deviations

and opens the Status of the Project dialog window.




Gearbox

Operation Data

In the ‘Operation data’ box you can select or type the following data:
- Torque and RPM

or
- Power and RPM
Operation data X
(® Torque and RPM: (O Power and RPM:
Input torque: Input power: Unit:
2000.0 w | [Nm] 5126 y KM
Input RPM: Input RPM:
1800 v | [revsdmin] 1800 - [revs/min]
Gear speed: Output torque:
1 v 7205.9 [Nm]
Gear ratio: Output RPM:
3.6029 439 [revs/min)
Cancel Confirm

Clicking Cancel returns you to the Status of the Project dialog window without approving the

changed operation data. Clicking Confirm approves the operation data and opens the Status of the Project
dialog window.
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Coefficients

The software distinguishes two sets of coefficients, which are adjustable thorough the * Coefficients

dialog box. The dialog box includes coefficients that concern tooth root strength and contact stresses. In the

first set we can change: factor of application k_a, minimal safety coefficient s f min, stress correction

coefficient y_st and durability coefficient y_nt. Available for contact stresses: limit (minimum) safety factor

s _h _min, durability factor z_nt and kinematic viscosity of the oil at 50 degrees temperature ni_50.

-
E Coefficients

=trength of the tooth root

factor of application

minimal safety coefficiant

stress correction coefficient

durahility coefficient for the calculations of the tooth
dedendum strength, referred to the Wahler curve

Contact stresses

lirnit (minirmum) safety factor for the recess tatigue (pitting)

durahility factor for the calculations of the tooth side recess
fatigue strength, referred to the Wahler curve

kinematicviscosity of the oil at 50 degrees temperature
[mm*2 =]

Cancel | [ Caonfirm ]

s_h_min =

ni_&0 =

1.15

1.00

100.

Coefficients' values are also placed in the output file (in the results of calculations) and if we use thefileto

start new calculations, the coefficients' values will be preserved.



Gearbox

Partial Criteria

The figure shows the dialog box which alows to select optimization parameters. It also allows to

select or enter values for the additional parameters (weight and normalizing values) which determine their

participation in the global criterion. You can choose a set of criteria, weights and values normalizing

particular partial criteria. To select the given criterion, use the appropriate button in the columnSet.

Clicking the Full set check box selects the full set option.
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Parameters of partial criteria X
Set: Partial criterion: Weight  Standard value:
[ 1 | |m'n tooth Face Contact Ratio for p pair of wheels | 010 v 0,550
2 | [man-t tooth form factor for k wheels ] 010 v 1.200
[ 3 ] | min tooth thickness on pitch line ] 010 0.400
[ 4 | | total mass of wheels | 010 v 96.000
5 | [total moment of inertia of wheels | 010 v 3,600
6 | [mut endurance margin ] | 010 ~ 700.000
7 | | endurance margin of the tooth surface | 010 ~ 600.000
| 8 | [stlains uniformity of wheel matenals l 010 v 200,000
9 [min rel. thickness of oil-film for p pair of wheels ‘ :l11l:l v 1.000
[ 10 | | ransmission efficiency | 010 v 2,000
11 ] [mh'mizatim of slippage velocity l 010 « 10.000
[] Full set Cancel Confirm



Gearbox

Parameters of partial criteria X

Set: Partial critenon: weight: Standard value:
[ 1 | | min tooth Face Contact Ratio for p pair of wheels | 010 0,550
[2]  [maxtoothform factor for k wheels | o010 v 1.200
[[3] |mintooth thickness on pitch line | |o10 v 0,400
[4 ] |total mass of wheels | 010 96.000
| 5 | [lutal moment of inertia of wheels l 010 v 3.600
| 6 | [lnut endurance margin ‘ 010 700.000
[ 7 | | endurance margin of the tooth surface | 010 v £00.000
[ 8 | | strains uniformity of wheel materials | 010 v 200.000
[ 9 | | min rel. thickness of oifiim for p pair of wheels | 010 v | 1.000
[ 10 | |trammis¢iun efficiency | 010 v 2000
[ 11 | [m'n'mizatim of shppage velocity ] _Il‘ll] v: 10.000
& Full set ' Cancel Confim

The weights of particular criteria should be chosen such that for the given set of criteria, their sum should

total '1'. For identica weight coefficients in the given set, normalised values should ensure the similar

contribution of particular partia criteriato the value of the global criterion.

Partial criteria can be combined with one another in any way. When a given partial criterion is not selected

from the set, its weight coefficient is zeroed during the calculation procedure, no matter what its current

value in the window 'Parameters of partial criteria. A set of partia criteria can be modified and extended,

depending on the users' needs.

Clicking Cancel returns you to the Status of the Project dialog window. The modified data

concerning partial criteria are not approved in this case. Clicking Confirm approves the set of criteriaaong

with their parameters and returns you to the Status of the Project dialog window.

Partial criteria can be divided into 4 groups:
- geometric criteria (Ky, K5, K3),
- mass criteria (K4, Ks),

- strength criteria (Kg, K7, Kg),
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- operation criteria (Ko K10 K11).

Selected partia criteria have been determined, as shown below:

- an inverse of minimal tooth face contact ratio g, for a‘p’ pair of wheels:

1

min &g
i=l.p

K=

- amaximal tooth form factor yg for ‘k’ wheels

- total mass of wheels

- total moment of inertia of wheels

- root endurance margin:

K =max [0.85% 0gep(1) ~ O @)

where:  Grqop - allowable fatigue strength of the tooth root

OFmax - Maximal stress of the tooth root



- endurance margin of the tooth surface:
. " - !
K= max ‘0.85 Oyoic () — O (1)‘

where: Gppk - alowable stress of the tooth side

Ohk - calculation stress of the tooth side

- strains uniformity of wheel materials.

8, + 6,

e Sl

|
-+
3
e

where:  G1 - standard deviation of the difference 0.85* Grgop - OFmax

O - standard deviation of the difference 0.85* Gppk - Ok

- minimal relative thickness of oil-film for the ‘p’ pair of wheels.

A minimal relative (related to roughness parameter Ra) thickness of the lubricant layerA; is calculated for 5
characteristic points of the toothed pair. Subsequently, substitute thickness of the lubricant layer A,

measured with weights y;

2
A, (n,0) => u,A (n,i)
=l
n - gear number, n=1,b
i -toothed pair number, i=1,p
Ky criterion is expressed with the equation:

1
m A (n,7)

i=1ph
i=l.p

and the global criterion was written with the dependance

KG — min

m Kr‘
K;=>. W, K".

. |
=1 1



where;

b - number of gear speeds,

p - number of wheel pairs,

k - number of whedls,

no - index of not meeting constraints, ‘no’ takesvalue O or 1,
lo - number of functional constraints (equality and inequality),
m - number of criteria,

W - weight coefficient of ‘j’ partial criterion,

Kpj - vauestandardizing ‘j’ partia criterion.



Optimization Parameters

The figure shows the ‘Optimization parameters diadog window, where you can select: an
optimization procedure (Optimization procedure), automatic start of optimization procedures (Switch
procedures automatically), number of steps (Number of steps of optim. stage), number of optimization re-
starts (Number of optim. re-starts) and re-start methods (Re-start methods): random or determined (2
methods), as well as the maximal number of calculation steps (Max. number of steps). Calculation re-start is
related to another Delta x_max parameter, which determines the maximal value of the increments of
location modifying vector coordinates. You can also choose one calculation step (Only one step). While
calculating, particular parameters can be repeatedly modified.

-
E Optimization parameters E

Clptimization procedure:

|bcant => IMSL v

owitch procedures automatically

Mumber of steps in the optim. stage:

’1IZIIZIIZIIZI vl Dnly one step
Mumber of aptim. re-starts: Fe-start methods:
’25 'l ’randum -

Switch automatically

bz number of steps: Delta_x_masx:
5000000 v| |0.05 -
| Cancel | [ Confirm ]

Three optimization procedures from IMSL library (NNLPF, BCONF, BCPOL), NLPQLP
procedure (Prof. K. Schittkowski) and the SSW_MM procedure (M. Martyna) written based on article [1]
are applied in the program. They can be used in any order, repeatedly and interchangeably. Choosing
Switch procedures automatically switches procedures automatically and repeatedly while calculating. The
Number of steps of optim. stage parameter and Number of optim. re-starts parameter determine the
calculation complexity of agiven optimization stage. The former determines the maximal number of
optimization stepsin a particular procedure started once. The algorithm of continuing global solution search



uses the latter parameter. Having found alocal minimum, the algorithm creates a new starting point (on the
basis of the minimum point) and restarts calculations. The Re-start methods parameter allows you to select
away of modifying coefficients correcting the starting point location. There are two determined methods
and one random method at your disposal. Choosing Switch automatically switches re-start methods
automatically and repeatedly while calculating. Delta x_max defines the maximal increment of the co-
ordinates of the position modification vector. Max. number of steps parameter determines the total,
permissible number of steps from all calculation stages. It will frequently be used with the Switch
procedures automatically option switched on, which will stop calculations as soon as all the ordered steps
have been completed.

Clicking returns you to the Status of the Project dialog window without approving

optimization parameters data. Clicking opens the Status of the Project dialog window, having
approved a set of optimization parameters.

[1] MolinaD., Lozano M., Sanchez A. M., Herrera F.. Memetic algorithms based on local search chains for
large scale continuous optimization problems. MA-SSW-Chains. Springer-Verlag 2010.



Gearbox

Calculation Results

The last window 'Optimisation results is used to present the current calculation data. In the top left-
hand corner, there are boxes containing file names: a data file name (data) and result file name (result). At
the top of the window, there is some information on the currently operating optimization procedure
(opt_method), step number, the best solution at a given moment (step o solu), number of decisive variables
(dec_var) and the number of non-linear and linear constraints (nonl_const) and (lin_const) respectively.
Below shows the initial values of criteria parameters  (start_par val) and criteria parameter values
(param_val), partia criteriavalues (partial _crit), weight values (weight), standardizing values (stand_val) and
standardised criteriavaues (stand_crit) for the currently best solution.

EOptimization results — X ‘
file name opt_method step_opt_solu dec_var  nonl_const  lin_const
data | | | | | | | | | | |
results: | |

start_par_val param_val  partial_crit weight stand_val  stand_crit

min tooth Face Contact Ratio for p pair of wheels: |

max tooth form factor for k wheels: |

min tooth thickness on pitch line:

total mass of wheels:

total moment of inertia of wheels:

max root endurance margin:

max endurance margin of the tooth surface:

straing uniformity of wheel materials:

min rel. thickness of oil-film for p pair of wheels:

transmission efficiency:

| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |

minirmization of slippage velocity:

| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | |

global criterion GC: ||

calculat_step stepds restarts_numb restart GC_current GC_initial GC

1 —1 [/ /1 [/ [/ [

[ Plat . Stop || Resuks Start

number of violated constraints:

When the button Start is used, the optimisation procedure begins.
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Optimization results — X
file name opt_method step_opt_solu dec_var nonl_const  lin_const
data: |en_powet_sliltpr2 | | SSW_mm ]| 1191670 | | 122 | | 535 | | 0 |
results: |en_power_shift_1.prz | start_par_val patam_val  pattial_cit  weight  stand_val  stand_crit
min tooth Face Contact Ratio for p pair of wheels: | 1.841) | 1684/ | 0594 | 0100] [ 0550 | 07108]
max tooth form factor for k wheels: [ 1177/ | 1450| | 1450 | 0100 | 1200 | o0121]
min tooth thickness on pitch line: [ 23] [ 298 [ 033 [ o0100] [ 0400 [ 0085
total mass of wheels: | 130738 | 127847 | 127847 | 07100 | 96000 |  0.133]
total moment of inertia of wheels: [ s5788| | 5142| | s5142] [ 0100 [ 3600 [ 0.143]
max root endurance margin: | 453349| | 403655 | 403655 | 0100 | 700000 |  0.058]
max endurance margin of the tooth surface: | 595073 | 548122 | 548122| | 0100 | 600000 |  0.091]
strains uniformity of wheel materials: | 106685 | 108578 | 108578/ | 0100 | 200000 | 0.054]
min rel. thickness of ci-fim for p pair of wheels: | 2284 | 2422| | o413/ | o0100] [ 1000 | 0041
transmission efficiency: | 09593 | 09632) | 1032 | 0100/ | 2000 | 0052
minimization of slippage velocity: | 11460/ | 100383| | 10036) | 0100/ | 10000f | 0.100f
number of violated constraints: | 22| | 7| global criterion GC:
calculat_step stepds restarts_numb restart GC_current GC_initial GC
[ 1194000 | [ 4160 | [ 5| [ 104 | [ 20484 | [ 2886 |
Plot [ Project | Results | Start |

At the bottom we have fields containing the current number of steps (calculat_step) and the data processing
rate expressed as the number of steps per second (step/sec), number of ordered restarts (restars numb),
number of running restarts (restart) aswell as global criteriavalues: current (GC_current), initial (GC _initial)
and total (GC) values.

In the lower, left-hand corner of the window 'Optimisation results is an option Plot, activating
another window displaying the variable optimisation criteria in the function of the optimal step number.
There are plots of al partial criteria selected at the stage Partial criteriaas well as the global criterion. The
scale on the X-axisis varied dynamically, depending on the current number of available optimal solutions.

57162




Gearbox

!Criteria - O X

T+ e e S :

) I i I

) I i I

I | I |

1 I 1 I

) I 1 I

1 I ] I
2,404 - - - e | =KL
| : : | —K2

1 I 1 I

1 1 I

2 1.80f-----------b------ooooo ittt ity o | —Ké
E i i 1 I —K7
s i : i i —K8
. 1 I 1 I —Kg
e | i : | —K10
g 1.20g----mmmmmmob oo oo Fommmm e Fommmm e fmmmm s | —K11
- I I I 1 —KG

1 I 1 I

1 I 1 I

I I I |

[} I I |

0.604--------==-p-=----oen-- e===——————- Fe====—————- - == =—————e |

1 I 1 I

1 I 1 I

[} I 1 |

1 I 1 I

Eﬁ :

0.00 T f T T i

0 100 200 300 400 500
nuomber of optimal solution

The dimensions and position of the window 'Plot’ on the screen may change and the window can be closed
any time. When this window is on, the calculations become dightly slower. This window can be repeatedly
opened and closed during the calculation procedure.

B Optimization results - X
file name opt_method step_opt_solu dec_var  nonl_const  lin_const
data: Ien_pnwat_sh'ftprz ‘ | SSA_Mm || 1233036 ]I 122 | | 535 | | 0 |
resuts: [en_power_skift_1 piz | stal_par_val paam_val pafislcit  weight  stand_val  stand_ciit
min tooth Face Contact Ratio for p pair of wheels: | 1.841] [ 1780 [ 0562 [ 0100] [ 0550) [ 0.102]
ma tooth form factor for k wheels: [ 177 [ 143 [ 1a3s| [ oao0] [ 1200 [ 0120
min tooth thickness on pitch fine: [ 23] [ 29| [ 0340 [ o100 [ o400] [ o085
total mass of wheels: [ 130736] [ 120514 [ 120514] [ o100 [ seoo0] [ o126
total moment of inertia of wheels: [ s7e8| [ 48m| [ 48m| [ 0100 [ 3800 [ 0133
max oot endurance margin: [ 453343 [ 3e9228) [ 369228) [ o100] [ 7ooooa] [ 0053
max endurance margin of the tooth surface: | 595073 | 494881 | 4348¢1] [ 0a00) | e00.000| [ 0.082[ |
straing uniformity of wheel material: [ 10e68s| [ 108714] [ 108714 [ 0.100] | BH Criteria — O X
min rel. thickness of cilfilm for ppair of wheels: | 2284] [ 2411] [ oas| [ 0.100]
tansmission efficiency: [ o%ss3) [ 0se7) [ 1034 [ 0a100)
minimization of slipage velocity: [ 11460 [ 10300 | 103e0) | 0100]
number of violated constraints: ljl global ¢
calculat_step step/s restarts_numb restart GC_current GC_
[2zo00 | [ 45| [ 25 | [ 7] [ase] [ 2 1
M Plot Resuts | Stat |
el oF optional seshatism
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When the button Stop is used, the calculation procedure is interrupted, the buttons Results and Start are

activated and the button description is changed to Project. If calculations are continued after clicking Stop,

wait till the program attempts to restart or change the optimization procedure. At the same time the

description of the button Stop is changed to \Wait. When the button Project is selected, the user can pass on

to the window Status of the Project and can close the window with plots, if it was open. Selecting the

button Results opens atext file with current optimisation results.

B Optimisation results

max tooth form factor for k wheels:
min tooth thickness on pitch line:

tatal mass of wheels:

- Criteria - O X
file name opt_method step_opt_solu dec_var  nonl_co
data: ‘en_pnwsr_sh’ltprz ‘ I SsW_mm ] l 1609716 | | ‘ ‘ 533
results [en_power_shift_1.prz ) start_par_val param_val patial_crit stand_v
min tooth Face Contact Ratio for p pair of wheels: | 1.539] [ 1.408] [ 0710] [ 0100/ [ 05

1.261 1.450 1.450 0.100 1.2
2.562 4.099] 0.244 0.100 0.4

I 117.048 176.849 I 176.849 0.100 96.01 "

total moment of inertia of wheels: [ a7e0l [ 77ed] [ 77eal [ oa00] [ 380 3 22
max foot endurance margin: | 471.8m] | 414.405) [ #14.405| [ 0100] [ 700.01
max endurance maigin of the tooth surface: | 563.308) | 439.095) | 433086 [ 0100] [ 600.0
straing uniformity of wheel materials: [ 1o7se] [ 73m9] [ 73018 [ 0100 [ 2000
min rel. thickness of oilfilm for p pair of wheels: 2145 2.485] 0.402 0100 1.0
transmission efficiency: 0.9580 0.9693 1.032 0.100] 2.00
minimization of slippage velocity: | 11.315] [ 92571 [ 9257 0100, | 100
number of violated constraints: Eeh,power,shiﬂj‘prz—Notathik - m} X
Plik Edycja F it Widok Po
calculat_step step/s restarts_numb restart GC_current ' vda Forma e moc s _par v A
[_ter1o00_|] [ 513 ] | % | I & | [ 16450] min tooth Face Contact Ratio for p pair of wheels ;1.5
: max tooth form factor for k wheels : 1.2
B Pt ‘ figec ‘ Hesbs ‘ Slad | min tooth thickness on pitch line : 2.5
{ total mass of wheels 1 117.@
total moment of inertia of wheels T 4.7
max root endurance margin 1 471
max endurance margin of the tooth surface : 569
strains uniformity of wheel materials 1 197.9
min rel. thickness of o0il-film for p pair of wheels: 2.1,
>
Lin 532, kol 1

Selecting the button Start, restarts the computation procedure provided the allowable number of

steps has not been exceeded. Results of particular optimization stages (files) can be accessed in a folder
selected earlier in the Select afolder, datafile... dialog window.
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Notes

The software was developed using:

Microsoft Visual Studio - Microsoft Corporation

Intel Fortran Compiler - Intel oneAPI

Winteracter - Lawson Wakefield

Fortran Numerical Libraries (IMSL) - Perforce Software Inc.
NLPQLP - K. Schittkowski

HelpNDoc - IBE-Software

InstallMate - Tarma Software Research

FTP Client component - MarshallSoft computing
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https://visualstudio.microsoft.com/pl/vs/community/
https://www.intel.com/content/www/us/en/developer/tools/oneapi/overview.html
https://www.winteracter.uk/
https://www.perforce.com/
https://www.schittkowski.de/numericalsoftware_nlpqlp.php
https://www.ibe-software.com/
https://tarma.com/home
https://www.marshallsoft.com/

Notes
1. Help corresponds with the 1.3.3 version of the GEAR (GEAR_PH) program.

2. ltisaso possible to use the Demo.exe file, descriptions and examples which can be found on
the ‘Gear’ website.


http://www.gearbox.com.pl/demo.html
http://www.gearbox.com.pl/examples.html

Contact

Contact:

Marek Martyna

e-mail:

Tel.(land-line): +48 15 8136284

mm@gearbox.programy-mm.pl

Contact:

Jan Zwolak

Tel.(land-line): +48 12 6624762
e-mail: jazwol@op.pl



mailto:mm@gearbox.programy-mm.pl?subject=Gear
mailto:jazwol@op.pl?subject=Gear

