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1. Gear hobbing modelling and simulation

Gear is fixed in the model (Figure 1.1.). Hob is rotating around its axis and moving around gear along
helical trajectory. The model produces cutting only in one tooth space.
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Figure 1.1

This tooth space is filled with J layers from Jy to Ji. Each layer is filled with K parallel segments,
which numbers are from -K, to + Ky. Finished surface errors are calculated in point of the ideal tooth
space surface.

The cutting simulation is executed in following. Hob teeth N in series are moving across the tooth
space. Boundaries of hob teeth edges are divided into P points at the even distances Xsp between them.
Each hob tooth boundary cuts tops of layer K segments. The top lengths of cut out segments are recal-
culated to cutting thicknesses. Random cutting thicknesses are interpolated into teeth boundary points.

Using the model of cylindrical gear hobbing we can calculate the following:
+ - finished tooth space surface error distribution,
« - cut out volume for each hob tooth;
« - cutting thickness, cutting length for each hob tooth boundary point;
« - cutting forces and torque in gear and hob coordinate systems.
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Parameters of gear hobbing model are:

Common: Helix hob:
«  Module « Outside radius
+ Pressure angle «  Number of gashes
«  Number of treads
Spur or helical gear: « Tip roundness coefficient
« Numbers of teeth « Hob right or left hand
« Helix angle (right or left hand)
« Profile shift coefficient Cutting:
+ Material + Feed (conventional or climb)

1.1 Design of gear hobbing model

Digital model of gear hobbing was designed. Systems of axes are selected and relation between them
is determined. The gear is fixed in X;Y;Z; coordinate system. The hob with its X,Y,Z, coordinate
system revolves around gear axis Z; and own axis X,. Cutting is simulated only in one gear tooth space
(zero tooth space) (Figure 1.2.).
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Figure 1.2

Each hob tooth has serial number N and own X3nY3nZsn coordinate system. Straight gashes are used in
this model (Figure 1.3.).

Hob tooth boundary is divided in several straight lines and curves. All profile boundaries are divided
in points P. Numbers of P points are from -P to +Py. The distance between division points is X3p and
this value depends on number of P points. Maximum 401 division points can be used in program of
this model (Figure 1.4.). Using this number of points you can get maximum simulation precision.
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Number of the first cutting hob tooth is T and of the last - T;. These numbers are calculated from
cutting zone, which is a common for hob and gear bodies (Figure 1.5.).

Figure 1.5

Zero tooth space of gear is filled with J layers (Figure 1.6.). Numbers of J layers are from Jy to Jy.

Each J layer is divided in to K parallel straight segments. Numbers of K segments are from -K, to +K,
(Figure 1.7.). Maximum 401 segments can be used in program of this model.

Density of segments and layers depend on simulation purpose. 60-200 segments on layers are used for
simulation of cutting forces. Ideal tooth space surface is prepared for simulation of cutting precision
using 300 - 400 segments on layers.
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« Numbers of layer segments K and hob tooth profile division points P are variables and the
simulation time depends on them.
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1.2 Simulation of gear hobbing

The method of gear hobbing was designed. Cutting simulation is executed in following. Hob teeth N in
series are moving across J layers in zero tooth space. The boundary of each hob N-th tooth cuts the
tops of K segments in J layer. Simulation is divided into two stages. In the first stage cutting is simu-
lated for hob, which is revolved back one revolution around gear. The second stage is simulation of

real cutting process.

Coordinate of C point is 3D coordinate of intersection between hob tooth boundary and JK segment.
This coordinate is calculated using special algorithm (Figure 1.8.).

] ]

2 e
J=+1 —t >

G2

|
I
|
v
5

21y
L3y

] Hob N—th tooth

| ¥act
| ¥ocz

K_segm e
nt o
K1 / You

Ky

ag ‘\

Ko

J layer
L i
1
).
rJ

1,

Figure 1.8

Length of cutout JK segments top is CV. This length is recalculated to length CD which is perpendicu-
lar to tooth boundary in C point (Figure 1.9.).

CD is cutting thickness in C point. Starting and ending points (in these points CD is equal zero) of
cutting boundary are defined by using floating JK segment (Figure 1.10.).
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Random cutting thicknesses CD are interpolated into hob profile discrete points P and into hob revolu-
tion angle discrete positions H (Figure 1.11.).
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Figure 1.11

Maximum 2048 hob revolution angle H division points can be used in program of this model. Discrete
function G(N,H,P) is the first result of simulation. Another discrete function is Y;(N,J,K), which
describes coordinates of JK segments top after cutting with each N-th hob tooth (Figure 1.12.).
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Figure 1.12
1.3 Simulation of finished tooth space surface

The method of gear hobbing error distribution in finished tooth space surface was designed.
Arguments of discrete function Y,(T,J,K) are coordinates of JK segments tops after cutting with all
hob teeth. In JK point profile error f(J,K) is the length of perpendicular from JK segment top to
reference curve (Figure 1.13.).
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Arguments of discrete function Y(Ty,J,K) can show how profile error is distributed in gear tooth space
(Figure 1.14.). There are two kinds of profile errors: involutes flank profile error fg(J,K) and root curve
profile error f(J,K). Values of fgyax and fi.x are maximum profile errors.
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Figure 1.14

1.4 Simulation of Gear Hobbing Geometrical Size

The simulation method of maximum geometrical cutting size in gear hobbing was designed. This
method is applicable for calculation of cutting thickness, length, cutout absolute and relative volumes.
Discrete function G(N,H,P) is the result of simulation. This function describes cutting thickness of N
hob tooth P point at H revolution angle of hob. These cutting thicknesses can be shown graphically
(Figure 1.15.).

These new functions are composed from discrete function G(N,H,P):

*  Gpax(N,P) - maximum cutting thicknesses of each N-th hob tooth in P profile points;

+ L(N,P) - cutting way of each N-th hob tooth in P profile points;

+  Q(N,P) - relative cutout volume (cutout volume divided by distance between P points) of each
N-th hob tooth in P profile points;

+  b.(N) - hob tooth cutting boundary length.

These functions for each hob tooth can be shown graphically. For example:
« Figure 1.16 - hob tooth with P point, which has global maximum cutting thicknesses Gyax;

« Figure 1.17 - hob tooth with P point, which has global maximum relative cutout volume Qax;
« Figure 1.18 - hob tooth with P point, which has global maximum cutting way L.
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Global maximum functions Gp(N) and Wppax(N) are composed from discrete functions Gp.x(N,P)
and Q(N,P). Summary of gear hobbing geometrical size simulation can be shown graphically (Figure
1.19.).
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1.5 Simulation of gear hobbing forces
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Calculation method of relations between gear hobbing forces, torque and angle of hob rotation was
designed. The discrete area between cutting thicknesses. G(P) and G(P+1) is used for calculation of
elementary forces. Two vectors are calculated for each discrete area (Figure 1.20.).
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Figure 1.20

An F =C [ equation was used for force Fz; calculation: F — cutting force in one mm of cutting edge,

t — cutting thickness, values of coefficients C and a are shown in table.
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Material of gear Hardness, HB Coefficient for function
C a

HB<197 1165.21 0.6442

Plain carbon steel HB 198-229 1285.63 0.6446
HB>229 1528.65 0.6443

HB<197 1660.03 0.6764

Alloy steel HB<198-229 1767.01 0.6704
HB>229 1954.87 0.6706

. HB<180 983.42 0.6431

Gray iron HB>180 1023.82 0.6116
Ductile iron 830.17 0.6077

Vectors of cutting forces and torque are calculated by adding forces vectors of each discrete area.
Forces and torque of one hob tooth are shown in figure 1.21.
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Figure 1.21
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The cutting simulation is executed only in one
zero tooth space of gear. It is very good for
measure of real cutting forces (Figure 1.22.). All
cutting forces and torque in this case are shown in

figure 1.23.
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Digital gear hobbing model presents relations of the forces in both coordinate systems of the gear and
the hob. Full cutting forces and torque are shown in figure 1.24.
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2. Software of gear hobbing simulation

The main function of gear hob simulation program is to calculate forces, cutting precision cutout

volumes and other cutting parameters.

2.1 Program installation

Run downloaded Gear.exe file. It is self extracting archive file.

License =

It is Dema version of Gear Hobbing simulation program

Accept I Decline

FIWinAAR zell uxtiacting anchive =
el 1 Ao ﬂ

[
Frazz | natall bufon lo dast et ection
Lo Bassvwaa bition 1o tabec! B desnaton (olde ko the kideis e 1
el

i D ks ridangd
11 W etirniho Mobded dhosed ol Sl i sall b created sionseosly befoe
Ediahon

| Inslal I Careel

If yours downloaded file is demo version, you
will see License dialog box on screen. Click
Accept button.

The program must be installed in C:\gear folder.
Click Install.

After installation you can see shortcut to this
program on desktop:

)

DEMO Gear Hobbing

Double click mouse right button on this icon will
activate program.
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2.2 Work with program

% Gear Hobbing Simulation

File Edit Wiew Data | Simulation Colors Window  Help

% Gear Hobbing simu
Bun

Figure 2.1

Mew parameters

Parameters.

1. For new simulation click Simulation menu to select New

2. On Data menu click Parameters. In Parameters for gear hobbing dialog box you can change:

% Gear Hobbing Simulation

File Edit “iew | Data Simulstion Colors  Window  Help

module, pressure angle, number of gear tooth, gear helix angle
(left or right hand), profile shift coefficient, hob tooth tip round-

ness coefficient, profile angle, hob outside diameter, number of
gashes, number of treads and feed (climb or conventional).

4 Gear Hobbir  Parameters  hic window
Precizion
I aterial
Figure 2.2
Parameters of gear hobbing =l
— Common r~ Teeths of hob
3.00 Maodule, mm I 0380 Tip roundmess coefficient
I 20.000 Pressure angle, deg I 20.000 Profile angle, deg
—Spuror helicalggar————— ~ Helical hob
I 24 Mumber of teeth 80.00 Dutside diameter, mm

I 0.000 Helis ahgle, left hand <0
I 0.000 Profile ghift coeffizient

— Feed

I 10 Mumber of gashes
I 1 Mumber of treads

% Hoh right hand

2000 Feed, mm " Hob left hand
" Conventional cutting E
" Climb cutting
Figure 2.3

Minimum and maximum values of parameters:

3. The value of each numerical parame-
ter must be in interval of legal values.

Area Error is disable. If one of parame-
ter is outside of legal interval in Error
area, you can see min and max value of
bad parameter:

Ermor

Parameter ' 'Mumber of teeth™ iz nat OK. [t must be
betweear 3 and 1000

From To Parameter:
0.01 100.0 Module, mm
5.0 40.0 Pressure angle, deg
3 1000 Number of gear teeth
-45.0 45.0 Gear helix angle, left hand <0
-1.0 1.0 Profile shift coefficient
0.0 1.0 Hob tooth tip roundness coefficient
5.0 45.0 Profile angle, deg
0.05 | 45000.0 Hob outside diameter, mm
1 20 Number of gashes
1 5 Number of treads
0.001 20.0 Feed, mm/rev (climb or conventional)

% Gear Hobhing Simulation

Eile Edit Yiew | Data Simulstion Colors MWindow  Help

4. On Data menu click Precision. In Precision of simulation
dialog box you can change NK (number of segments in layer), NF

division points), NA (number of hob

4 Gear Hobbir  Parameters ic window
— (number of hob tooth
Material revolution angle division points).
Figure 2.4
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Precision of simulation xl| 5. The time of simulation depends on these parameters.

';“,M’;;é;d“: _ You can simulate with low precision for various
4 seanente e parameters of hob or cutting. Also you can use maximum
151 NE-febiGabpoiieporis values of precision for simulation with good collection of
ﬂ M, - hob revalution andle H paints hob and Cutting parameters.

— Simulation purpoze

= TT=0- gear tooth suface

1T ot NOTE. Only odd numbers are using for NK and NF.
. =1 - full cuitting

= TT=2 - full cutting, deltaz1-Nk=51

Figure 2.5

Minimum and maximum values of precision parameters:

From: To: Parameter:
21 401 NK - number of segments in layer
21 401 NF - number of hob tooth division points
16 2048 NA - number of hob revolution angle division points

For real cutting simulation you must select TT=1 (distance between layers is proportional to distance

between segments) or TT=2 (distance between layers is fixed). TT=2 is used when you want to explore
gear tooth surface errors.

% Gear Hobbing Simulation
File Edit Miew | Data Simulation Colors  Window  Help
% Gear Hobbir  Parameters i

6. On Data menu click Material.

Precizion
I aterial

Figure 2.6
Material x| 7. Gear material can be selected in Material dialog box.
~Material of gear )~ Cosfficient for function—— You can select Unknown if you have another gear material.
@ Plain carbon steel [ 11852100 E In this case you must write values of C and a coefficients:
 Allay steel G5z a
 Gray iron :
:: B:E:']';:j” - Friction coefficient Coefficient miu is coefficient of friction between hob tooth
[~ 07500 miu and gear cutout material.
—Hardness, HE
& HBela NOTE. After simulation you can change selected gear
; HE=198-229 material. Program will recalculate cutting forces with new
HB:>229 Cancel |

gear material.

Figure 2.7

NOTE. After simulation Parameters for gear hobbing and Precision of simulation dialog boxes are
disable. For new parameters click Simulation and select New parameters.
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2.3 Simulation
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Parameters and precision are selected for simulation.

% Gear Hobbing Simulation

5. For simulation click Simulation menu and select Run.

Eile Edit Yiew Data | Simulation Colors Window Help

4 Gear Hobbing sim New parameters
Bun

Figure 2.8

On screen you can see some text
in C:\gear\model.txt file.

% Parameters of model

Parameters of gear hobbing model
Common

windows, which will appear in series. All text from these windows is

=1l All parameters for simulation with measu-
rement units are in window Parameter of gear

3.000000 Module, hobbing model.
Z0.00000 FPreasure angle, deg
Gear
Z4.,00000 HNurber of teeth
0.0000000E400 Helix angle, deg
0.0000000E+00 FProfile shift coefficient
Helix hob
g0, 00000 outside dissneter, nin
10, 00000 Nurber of gashes
1.000000 Nunber of treads
1.000000 Helix hob right hand
Teeths of helix hob
0O.3500000 Tip roundne=ss coefficient
20.00000 Profile angle, deg
Feed
—2.000000 Feed, mm in one revolution
-1.000000 Climk cutting
Precision of simulation, nunber of:
101. 0000 NE - of K segmwents in layer
101. 0000 NF - hoh tooth profile P points
512 .0000 AL — hoh revolution angle H points
1.000000 TT - =imilation purpose =
0 By
Figure 2.9
% Initial calculation =loixl| Various intermediate values are in window
Initial caloculation - H H
i :I Initial calculation.
36.00000 BE piteh circle radius, mo
32.25000 REF root radius, mm
39.00000 REL outside radius, mm
33.82893 BEE kbase circle radius, mm
36.00000 REC extended pitch circle radius, mm
39.00000 BEAE edquivalent outside radius, mm
4,024585 EDl half width of tooth space, wm
Helix hob
3e.25000 BF radius of middle line,
33.25000 RFF root radius, mm
Z2.371837 EF angle of teeth helix line, deg
2.371537 GAF setting angle, deg
0.9432357 XF distance between teeth in XZ, mm
36.00000 FIP angle hetween teeth, deg
1.140000 RFE tip roundness radius, rmm
Common
72.25000 ALC  distance between centers, mm
=1.000000 QWE direction of hob rotation
4.16666683E-02 KEOF angle coefficient
1.3262912E-02 KOL distance coefficient
Sed40.000 FFP angle of hob one wind, deg
2.000000 LF distace of hob center for prepare
0.0000000E4+00 FEF angle of hob center for prepare
-
kI '

Figure 2.10
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4 Profile of helix hob tooth =10l =]

Profile of helix hob tooth [PrfPri] -
6.9021218E-02 3D distance between P points, o
-Z.745124 KPO coefficient of flank heel

42.72359 MPO coefficient of flank origin
16.14553 3AM length of tooth boudary, mm
50.00000 PO nunber of last profile point
Coordinates of profile division points 1-6
i Ep(d) Tp (i)
1 3.45106 33.25000
Z 1.26540 39.249%90
€] 0.19324 40.00000
4 -0.193z24 40.00000
5 -1.26540 35.24990
5] -3.45106 33.25000
7 0.19324 38.86000
=1 —-0.193z24 38.86000
9 0.99214 40.00000 =
2 o 4
Figure 2.11
% Cutting zone oz
Points of cutting =zone [ZonePri] -
Point EZ
1.077267 X1EZ
—2Z2.27734 Z1EZ
-1.998165 H2EZ
-22.21365 Z2EZ
Point EP
10.69761 X1EF
-20.27734 Z1EP
Z21.930z9 ¥1M width of ellipse
-
<| | M oz
Figure 2.12
#§ Distances and numbers 2o
Teseth of hok, =zZero tooth Space [GhaanPri] -
Nurmbers for hoh teeth
G.072443 H2F length of cutting zone |(ingoing)
-11.45213 HZL length of cutting zone [outgoing)
—17.00000 NEF nuwber for firstc cutting tooth
14.00000 NREL nurber for last cutting tooth
12 .00000 NF nuwber of profile producing teeth
—17.00000 TF nuwrber for first cutting tooth
14.00000 TL rnwrker for last cutting tooth
1.000000 CN direction for numbers of teeth
32.00000 TH nuker of cutting teeth
15.00000 TO index for numbers shifc
Zero tooth space of gear
0.36583901 ZOF
-6.5030158E-02 ZOL
1.3658330 ZOm
—22.27871 Z0D
5.0491699E-02 0D distance between K secqments
S0.00000 KO last nunber of K sSedment
0.2760549 Z1D distance between J layers
0.0000000E400 DT angle between J layers
G . 000000 JH nuber for upper J layer
—52.00000 JL  nuwkber for bottom J layer
§9.00000 JN nuber of layers
83 .00000 JO index for number shift
Cutting angles
5.000000 FH upper cutting angle
=51.00000 FL lower cutting angle
1.2271847E-02 FI angle hetweeh H discretes
57.00000 FM nuwber of H discretes
52 .00000 FO index for nuwber shift -
RI H
Figure 2.13

Some calculated parameters for hob tooth
points are in Profile of helix hob tooth
window.

X3D is distance between P points in hob
tooth. This distance depends on selected NK.

PO — number of last profile point;

Xp(i), Yp(i) - coordinates of profile division
points (Figure 4).

Geometrical parameters of cutting zone are
in Cutting zone window (Figure 5).

Parameters, which are calculated from
cutting zone geometry, are in Distance and
numbers window:

TF — number of first cutting hob tooth;

TL - number of last cutting hob tooth (Fig.
3);

X0D — distance between K segments in layer
(Fig. 4);

KO — last number of K segment;
Z1D — Az, distance between two J layers;
JH — number of upper J layer;

JL — number of bottom J layer (Fig. 6).

Message Window appears on screen after initial calculations. Gear hobbing simulation is divided into
phases. Gear zero tooth space is prepared in the first phase. In the next step program searches for
number of first cutting tooth. The second phase is real cutting simulation. Numbers of cutting tooth
from T to Ty will appear in Message Window. Time of simulation depends on simulation precision.
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% Mesage Window =laEl
Display resolution in pixel: 1280 = 10z4 -
101 101 51z 1
101 101 512 1
Prepare gear tooth space for cutting
Direction to last cutting tooth of hob
u] 1 2 ] 4 5 & 7 =1 9 10 11
Direction to first cutting tooth of hok
-1 -z -3 -4 -5 - -7 -8 -9 -10 -11 -1Z
Search for true first cutting tooth TF
-17
True TF= -17
hAll file=s are opened
Feal cutting simulation
-17? -16 -15 -14 -13 -12 -11 -10 -9 - -7 -6 -5 -4 -3 -2 -1 a 1 2 i) 4 5 3
g 9 10 11
End of real cutting simulation
-
kI 1
Figure 2.14

Successful simulation presents message End of real cutting simulation in Message Window.

% Gear Hobbing simulation graphic window

Hob teeth in gear =zero tooth space
-17 - TF first cutting tooth of hoh
11 - TL la=st cutting tootkh of hob

0 - N nuwkher of colored gooth

S

Gear Hobbing simulation graphic window becomes
active. In this window you can see Hob teeth in gear
zero tooth space picture.

=101

-

Chapter “Control tool” describes how to select
necessary picture and control image size, location
and other features.

Figure 2.15

% Gear Hobbing Simulation

Eile Edit View Data Simulation Colors | Window Help

LCascade
Tile
Amange
Eit
Status

Click window menu and select Gear Hobbing
simulation graphic window or another
necessary text window.

Note: Gear Hobbing simulation graphic

1 Meszage Window
v 2 Gear Hobbing simulation graphic window

3 Parame

4 |nitial calculation
5 Prafile of helix hob taath

& Cutting
7 Digtanc

window is active after simulation.

ters of model

zone
ez and numbers

Figure 2.16
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You can select any text window or graphic window after the ending of simulation. Any picture can be
scaled, moved or rotated in graphic window. Numerical values of cutting thickness, forces and others
results of simulation are placed in the left top corner of graphic window. All this you can do with
control tools, which are common for all pictures in graphic window.

2.4.1 Select drawing

% Gear Hobbing Simulation

File Edit | Wigw Data Simulation Colors Window  Help

m Size ta Fit

Full Screen b

@ 1 Select drawing
Control drawing

Hol
| Select HJKPH

Hob Force Show
Gear Farce Show

Figure 2.17

Graphic selector |

n graphic window

zero tooth space
tting tooth of hob
tihy tooth of hob
colored tooth

£ Involute generation

— Gear tooth profile ermor
3D view for all J layers
" Inone.J layer at K. points

r— Cutting thicknesses in hob P points
. CD[NF.P) - 30 horizontal view:

U CDINFP) - 3D vertical view

" CD[MN.F.P) -in P paints of M tooth
" CD(M.F.P]- az graphic far M toath

— M ax thicknesses, way and wolume
™ For each N-th hob tooth
" For all hob testh

r— Cutting forces in hob coordinate
" Only one M-th tooth

Al teeth from TF to TL in series
= Real cutting with &l teeth

— Cutting forces in gear coordinate
" Only one M-th tooth

€ Al teeth from TE to TL in series
= Real cutting with &l teeth

— Gear zemo tooth space 30 view
YN - K segments in J layers
 dv1[N.J K] - topping of K. segments
© YY1K] - JK segmets

 dv1[.K] - topping of JK seqments

rAfter selection

[~ Redraw

¥ Cose Cancel |
Redraw | ok I

Figure 2.18

Any graphical results of simulation can be selected in two
manners:

- On View menu click Select drawing;
- click mouse right button in graphic window.

Select necessary graphic result of simulation in Graphic
selector dialog box.

Model
Cutting zone (Fig. 1.5, 2.31)
Hob teeth in gear space (Fig. 2.15, 2.23,2.24, 2.32)

Involute generation (Fig. 2.33)
Gear tooth profile error

3D view for all J layers (Fig. 1.14, 2.34)

In one J layer at K points (Fig. 1.13, 2.35)
Cutting thicknesses in hob P points

CD(N,FE,P)- 3D herizontal view(Fig. 1.15, 2.36, 2.37, 2.38)
CD(N,E,P) — 3D vertical view (Fig. 1.15,2.39)
CD(N,F,P) = in P points of N-th tooth (Fig. 1.9, 1.
CD(N,F,P) — as graphic for N-th tooth (Fig. 1.9, 1.
Max thicknesses, way and volume
For each N-th hob tooth (Fig. 1.16, 1.17, 1.18, 2.42)
For all hob teeth (Fig. 1.19, 2.43)
Cutting forces in hob coordinates
Only one N-th tooth (Fig. 1.21, 2.44)
All teeth from TF to TL in series (Fig. 2.47)

Real cutting with all teeth (Fig. 2.48)
Cutting forces in gear coordinates

Only one N-th tooth (Fig. 2.49)
All teeth from TF to TL in series (Fig. 1.22, 1.23, 2.52)

Real cutting with all teeth (Fig. 1.24, 2.53)
Gear zero tooth space in 3D view

Y1(N,J,K) — K segments in J layers (Fig. 1.6, 1.7, 1.12, 2.54)
dY1(N,J,K) — topping of K segments (Fig. 1.6, 1.7, 1.15, 2.55)
Y1(J,K) — JK segments (Fig. 1.6, 1.7, 1.22, 2.56)

dY1(J,K) — topping of JK segments (Fig. 1.6, 1.7, 2.57)

0, 1.11;2.40)

10,1
10, 1.11, 2.41)

There are two check boxes in After selection area. This dialog box will close automatically if Close is
checked. Otherwise use OK or Cancel buttons. Selected graphic will appear in window immediately, if
Redraw is checked. Otherwise use Redraw button.
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2.4.2 Picture control tools

4 Gear Hobbing Simulation View of graphical window can be changed in Drawing Control
File Edit | Wiew Data Simulation Colors Window Help dlalog bOX TO Open thlS dlalog bOX'

m Size to Fit

Full Screen

Select hawing - On View menu click Drawing control;

LControl drawing . . . .
Setoct NUKFH - Click mouse left button in graphical window.

Hob Force Show
Gear Force Show

Figure 2.19
Drawing control x| Use buttons to move, scale, scale X, scale Y or rotate graphical view. Boxes with
Hove numbers are in left side of each area. Every time pushed button increases or
—k'—l B decreases value of number in box. Click Reset button to apply default control
N ’ parameters of picture.

8] |_2 L
Rotats Move — move picture Up, Down or Left, Right. Buttons Left and Down decrease

jG)j o value of number in box.

Zoom

- Rotate — rotate picture clockwise (R) or counterclockwise (L). It is available only
.@. e in 3D pictures. Picture is rotated around vertical Z axes.
R
S Zoom — enlarge (+) or curtail (-) picture in X and Y directions.
. I oom
é ZoomY - enlarge (+) or curtail (-) picture only in Y direction.
— 1 0
— - ZoomX - enlarge (+) or curtail (-) picture only in X direction.
A Zoom dY - enlarge (+) or curtail (-) one element of picture. For example, you can
Lo scale length of cutout K segments in picture topping of K segments (Figure
A 2.55).
AT
e ) I

Reset |

Cancel |
Figure 2.20

# Gear Hobbing Simulation You can select or change some parameters for each graphical
File Edit | Wiew Data Simulation Colors indow  Help VieW

m Size to Fit

Full Screen

Select drawing For this purpose open Select parameter dialog box:
LControl drawing
Select MJKPH

Hob Force Show - On View menu click Select NJKPH;
Gear Force Show - hold shift key and click mouse left button in graphical
Figure 2.21 window.

Gear hobbing simulation



Select parameter |

r— Mumber of hob

N I qil taoth

P I uﬂ prafile
1 paint

H I uﬂ rotation
Tl angle

— MNumber of gear

i I—uﬂ layer
K I_uil segment

W, [ Refen |
Cancel |

Figure 2.22
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N — number of hob tooth. You can change this number from Tg (first cutting
tooth) to Ty (last cutting tooth). See figures 1.3, 1.5 and 2.13, 2.43.

P — number of hob tooth profile point. You can change this number from -P to
+Py. See figures 1.4, 2.11. X3D is the distance between P points in hob tooth.

H — number of hob revolution angle discrete. You can change this number from
Fu to FL. See figures 1.11, 1.15, 2.13, 2.52. FD is the angle between H points.

J — number of layer. You can change this number from Jy to J;.. See figure 1.1,
1.6,1.12,1.14,2.54, 2.55, 2.56, 2.57. Z1D — Az, distance between two J layers;

K — number of K segment. You can change this number from -K; to +K,. See
figures 1.1, 1.7, 2.13. X0D is the distance between P points in hob tooth.

Note. These numbers are common for all pictures in graphic window.

Note. Element or object, which number can be changed, is marked with separate color in picture.
These numbers always are shown in the left upper corner of graphic window. Active hob tooth has
colored boundary and its area is filled with color in figures 2.23 and 2.24.

% Gear Hobbing simulation graphic window = IElIﬂ % Gear Hobbing simulation graphic window = |E||i|
Hob teeth in gear zero tooth space ﬂ Hobh teeth in gear zero tooth space ﬂ
-17 - TF first cutting tooth of hok —-17 - TF first cutting tooth of hok
11 - TL last cutting tootlh of hob 11 - TL last cutting tooth of hob
-15 - N number of colored footh 9 - N number of colored #ooth

Figure 2.23 Figure 2.24
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2.4.3 Color tools

In all graphical windows colors of all lines can be changed in Colors for lines dialog box.

% Gear Hobbing Simulation

File Edit “iew Dats Simulstion | Colors Window  Help

Lines
2 Main
Figure 2.25
Colors for lines 5I
|— Graphic
‘IHob teeth in gear zpace j
|— Function Calor
]
|Hob teeth j e
oy
5
.
(-.
s
5
Redraw | oK I Cered] |
Figure 2.26

For example.

Colors for lines |
|— Graphic

| Hab testh in gear spaced ﬂ
Hob testh i gzar space N =

Involute generation

2> Gear tooth profile emrar -

30 wiew for allJ lapers

In one J layer at K paoints

3y Cutting thicknesses in hob P points -
CO[M,F.P) - 30 horizontal view
CO[M.F.F] - 3D vertical view

CO[M.F.P] - in P paints for W-th tooth -
CD(M.F.F] - as graphic: for N-th tooth

4> Max thicknezzes, wayp and volume -
For each M-th hob tooth

Far all hab teeth

| L T

15> Cutting forces in hob coordinate -
Only one N-th hob tooth 7

Figure 2.27

Colors for lines x|

|—Graphic

Iln one J layer at K pointz

Kl

[y}
=
=]

|— Function

K. tap autiine] j
K. top outline -
Reference prafile =
K. zeaments

Active K. segment

Scaled ermror =

10 10 1010 e e ie
nieleleinleiCle]

Redraw | Ok I
Figure 2.28

Cancel |
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To open it click Lines on Colors menu.

In area Graphics you can select desired picture by name. In area
Function you can select desired line by function name. In area
Colors you can select one of shown color.

Push Redraw button after all colors have been selected.

Push OK button if colors are good. Otherwise you can continue

colors selection.

Open Graphic list and in 2> Gear tooth profile error section select

In one J layer at K points.

All pictures names are in the same order as it is presented in

Graphic selector dialog box.

Open Function list and select Active K segment. Each picture has

different amount of lines.

Gear hobbing simulation
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Background color of graphic window and color of text can be changed in Background colors dialog
box.

% Gear Hobbing Simulation

To open it click Main on Colors menu.
File  Edit Wiew [Data Simulstion | Colors window  Help

Lines
z Main
Figure 2.29

peckaioundzlcolors xl| There are three sliders for color selection.

— Graphic Screen Background

EEEEEEE BED. Bl [i5 Graphic Screen Background color is white by default. Use
Kl 1 this color if you want print graphic pictures.

r~ Measure box outling

EEEEEEE EEE EE [z~ Some pictures have measure box. Values of active element

Al _ i or elements are in that box. You can select color for
— Graphic window text color measure bOX Outline.

NEEEEEE EEY Bl [0
Al i

Each picture has the text in the left upper corner of graphic
e e ek e o screen. Color of main text is black by default. Some text
lines are colored in function color.

Cancel |

Figure 2.30
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2.5 Results of simulation
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All results of gear hob simulation are presented in Gear Hobbing simulation graphic window. Any
picture can be selected in Graphic selector dialog box (click mouse right button in graphic window).

2.5.1 Cutting zone

Cutting zone shows area, in witch hob teeth are cutting gear body. See figure 1.5 for more details.

% Gear Hobbing simulation graphic window

Cutting zone in gear hpbbing
-17 TF first cutting tooth of |1
11 TL last cutting too T hibh
19.555mm —- working th of hol
4 nurber of actjfe hob tooth

L L

=lmi=)  Center lines of hob teeth are green. Line of
fi active hob tooth is colored in magenta.
Number of this tooth is in the left upper
corner of window. This number can be
changed in Select parameter dialog box (hold
Shift key and click mouse left button in
graphical window) with N button.

Ty

Size and position of picture can be changed
in Drawing control dialog box (click mouse
left button in graphical window). Buttons
Move, Zoom, Zoom X, and Zoom Y are
available.

|-

Figure 2.31

2.5.2 Hob teeth in.gear space

% Gear Hobbing simulation graphic window

Hob teeth in gear zero tooth space
-17 - TF first cutting tooth of haob
11 - TL last cutting tooth of hob

5 - N number of colored #iooth

=loi=l| Boundaries of all hob teeth are in gear zero space.
ii One of tooth boundary lines is in red and it is filled
with color — it is active hob tooth. Number of this
tooth is in the left upper corner of window. This
number can be changed in Select parameter dialog
box (hold Shift key and click mouse left button in
graphical window) with N button.

Size and position of picture can be changed in
Drawing control dialog box (click mouse left button
in graphical window). Buttons Move, Zoom, Zoom X
and Zoom Y are available.

Figure 2.32
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2.5.3 Involute generation

% Gear Hobbing simulation graphic window

11 - TL last cutting topth of hob
5 - N number of hob tooth

Figure 2.33

2.5.4 Gear tooth profile error 3D view

29

Involute and gear tooth root curve generation with
hob teeth.

Red lines are perpendiculars from rolling center on
pitch cylinder to tooth boundary.

Number of hob tooth is in the left upper corner of
window. This number can be changed in Select
parameter dialog box (hold Shift key and click
mouse left button in graphical window) with N
button.

Size and position of picture can be changed in
Drawing control dialog box (click mouse left button
in graphical window). Buttons Move, Zoom, Zoom X
and Zoom Y are available.

There are two kinds of profile errors - involutes flank profile error and root curve profile error. Green
lines are outline of profile error - involutes flank profile error fg(J,K) and root curve profile error
f(J,K). Values of fepax and fiax are shown on the left wall of diagram. For more details see figure 1.14.
Values of errors are shown in the left upper corner of window.

o

=@Eeal Hobbing simulati
Gear tooth profile errors

0,31650-01men — max full profile error
L1398D-01mm - mwax involute error

graphic

.14960-01mn - max full profile error in layer J=
=
-7 sSegment E=

. G66500-0Zrmmm mwax involute error in layer J=
.1170D0-01men - profile error in layer J=

.05mm - step of error grid for delta¥

ooooo

2o

/f/};”ﬁ"‘" - .
e
‘jQé@%@%%ﬁi

=i

b
I

Numbers of active J layer and K
segment can be changed in Select
parameter dialog box (hold Shift
key and click mouse left button
in graphical window) with J and
K button. Active layer is red by
default.

u]

Size and position of picture can
be changed in Drawing control
dialog box (click mouse left
button in graphical window).
Buttons Move, Zoom, Zoom X are
Zoom Y are available.

Diagram can be rotated with
Rotate buttons.

Error outlines can be scaled with
| Zoom dY button.

Figure 2.34
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2.5.5 Gear tooth profile error in one J layer

Gear tooth profile error in one J layer. Cyan lines are perpendiculars from top of each K segment to
reference curve. For more details see figure 1.13.

4 Gear Hobbing simulation graphic window =1olx| Numbers of active J layer and K segment can be changed
e h fil i J 1 -~ . . . .
e e ot sy T :I in Select parameter dialog box (hold Shift key and click

K= 0 - nuwber of active sSegment : : 1 :

s P mouse left button in graphical window) with J and K

Z.0736 - error scale wvalue button_

K= 40
0.z2451
Number of active K segment and profile error value are

shown in measure box.

Size and position of picture can be changed in Drawing
control dialog box (click mouse left button in graphical
window). Buttons Move, Zoom, Zoom X and Zoom Y are
available.

Error outlines can be scaled with Zoom dY buttons.

Figure 2.35

2.5.6 Cutting thicknesses in hob P points, horizontal view

4k Gear Hobbing simulation raphic wind =ioz)  Cutting thicknesses of each hob tooth P points
Cutting thicknesses of N-th hob tooth in H angle discretes - . . .
Number of hob tooth N- -6 :| in H revolution angle discrete are shown as
MNunber of active angle discrete H= =77 . . .
Nurber of sctive hoh profile peint Pe 0 3D diagram. For more information see figure
Cutting thickness CD(N,H,P)= 0.1115 1 15
% Numbers of hob tooth N, active H angle and P
=
= point can be changed in Select parameter

dialog box (hold Shift key and click mouse
left button in graphical window) with N, H
and P buttons.

!

Cutting thicknesses of active angle discrete H
A are colored in red. For example cutting
thicknesses of hob tooth which:

- cutout max volume from gear body (fig.
2.36);

- cut most deeply (fig. 2.37);

- has P point with max cutting way (fig. 2.38).

.| Size and position of picture can be changed in
Drawing control dialog box (click mouse left
button in graphical window). Buttons Move,
Zoom, Zoom X and Zoom Y are available.

Figure 2.36
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Diagram can be rotated with Rotate buttons. Cutting thicknesses can be scaled with Zoom dY buttons.

f Gear Hobbing simulation graphic window

3

= 5' *Eeal Hobbing simulation graphic window =10 1'
Cutting thicknesses of N-th hob tooth in H angle discretes - Cutting thicknesses of N-th hob tooth in H angle discretes
Humber of hob tooth N= -12 HNurber of hob tooth N= =ik
INumber of active angle discrete H=  -77 MNumber of active angle discrete H= -77
Number of active hob profile point P= ] MNumber of active hob profile point P= a
Cutting thickness CD(N,H,P)= 0.0000 Cutting thickness CDI(N,H,P)= 0.0012
N, ==
5 =
=z
= =
= = =
== ==
— = =
=
= :
= 4
= % :
= = .
=2
= =, :
= =
=
/ = ’
____._--"_
-"
- -
Al 4 jmini H oz
Figure 2.37

Figure 2.38

2.5.7 Cutting thicknesses in hob P points, vertical view

fﬁeall' bhi i i hic wind
CutTing _thIckn;ses_of N—;h hJ: to_oth _in H_anglja di_screaas
urber of hoh tooth M= -1

Murbher of active anhgle discrete H= 77
Mumber of active hob profile point P=
Cutting thickness CD(N,H,P)= o.0o01z

ul

o
| i

\

- )

4

Figure 2.39

Cutting thicknessesof each -hob tooth P
points inH revolution angle discrete are
shown as 3D diagram. It is the same as above
pictures, but cutting thicknesses outline is
drown vertically through P points.
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2.5.8 Cutting thicknesses in P points of N-th tooth

4 Gear Hobbing simulation graphic window =] |
cutting thicknesses of N-th hok tooth P points in H angle discretes -
HN= -1z - numbker of hob tooth = 337
H= -77 - number of active angle discrete 0.0441
P= 37 - nuber of actiwve hob profile point 5.z700
CD(N,H,Pj= 0.0441, max= 0.2224mm - cutting thickness 0. 2783
L(N,H,P)= 5.2700, max= 6.3231mm - cutting way of P point
Q(N,H,P)= 0.2793, max= 0.5548mm*mm - cutout volume at P point

=
[ '

Figure 2.40

Cutting thicknesses of each hob tooth
points P in one hob revolution angle

discrete H. For more information see
figures 1.11, 1.16, 1.17 and 1.18.

Numbers of hob tooth N, active H
angle and P point can be changed in
Select parameter dialog box (hold
Shift key and click mouse left button
in graphical window) with N, H and P
buttons.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom
X and Zoom Y are available. Cutting
thicknesses can be scaled with Zoom
dY buttons.

Red curve shows max cutting thick-
nesses with this N-th hob tooth.

2.5.9 Cutting thicknesses as graphic in P points of N-th tooth

3 Gear Hobbing simulation graphic window: e |
Cutting thicknesses of N-th hob tooth P points in H angle discretes -
N= -12 - number of hob tooth

H= -77 - number of active angle discrete

P= 19 - number of active hob profile point

CD(N,H,P) = 0.2018mn — cutting thickness

CD (N, H, P) max= 0.2016mn - wax cutting thickness

Figure 2.41

Cutting thicknesses. (blue outline) of
each hob tooth points P in one hob
revolution angle discrete H and max
cutting thicknesses (red outline). For
more information see figures 1.11,
1.16, 1.17 and 1.18.

Number of hob tooth N, active H angle
and P point can be changed in Select
parameter dialog box (hold Shift key
and click mouse left button in
graphical window) with N, H and P
buttons.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom
X and Zoom Y are available.

Red curve shows max cutting thick-
nesses with this N-th hob tooth.
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2.5.10 Max thicknesses, way and cutout volume for each N-th hob tooth

4§ Gear Hobbing simulation graphic window o | B Max cutting thicknesses (red), Cutting
Max cutting wvalues of N-th hob tooth P points -
T ek teoth :| way (blue) and cutout volumes (magenta)
P= 11 - muwber of active hob profile point in each hob N-th tooth boundary point P.
0.1883 (max= 0.2176) - cutting thickness
3.8925 (max= b,2787) - cutting way
0.5391 (max=  0.5464] - sutout volume Numbers of hob tooth N and P point can

/ _x be changed in Select parameter dialog

/ box (hold Shift key and click mouse left
A

button in graphical window) with N and P
Figure 2.42

button.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom X
and Zoom Y are available.

Number of active P point, values of max
. ; cutting thicknesses (red), cutting way

< (blue) and cutout volumes (magenta) are
shown in measure box.

2.5.11 Max thicknesses, way and cutout volume for all hob teeth

There are summary results of simulation. Max values of cutout volume, cutting thickness, cutting way,
cutout volume at P point and cutting boundary length are shown for all hob teeth. For more details see
figure 1.19.

% Gear Hobbing simulation graphic window o |
Max cutting wvalues of all hob teeth -~
= 0 - number of hob tooth
0.0703 (max= 0.2178) - cutting thickness 0.0703
17,7122 (max= 24.5219) - cutting way 17.71z2z2
0.4497 [(max= 2.1652) - cutout wvoluwwee at P opoint 0.4497
55,7842 (max= 58.7842Z) - cutting houndary length 55.7842
-
K1 1y
Figure 2.43

Number of hob tooth N can be changed in Select parameter dialog box (hold Shift key and click mouse
left button in graphical window) with N button. Size and position of picture can be changed in Drawing
control dialog box (click mouse left button in graphical window). Buttons Move, Zoom, Zoom X and
Zoom Y are available.
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2.6 Cutting forces in hob coordinate

Cutting forces can be shown for one hob tooth, for all hob teeth in series and as real cutting forces in
hob coordinate system.

2.6.1 Forces of one N-th hob tooth

4 Gear Hobbing simulation graphic window

Cutting forces of one N-th hob tooth
N= -7 - number of hob tooth
H= -77 - rotation angle of hob tooth
Max for N

nax
1382.09
707.09
38z.50
339.32
15z5.50
54395.02

1382.09
707.09
z08.25
293 .74

1528.50

54395.02

Fz3N hob tooth
Fy3 hob tooth
Fx3 hokb tooth
Fy2 hoh
Fzz Thob
Mom2 hob

H= -77
815.48
—-524.36
-51.47
-94.449

S67.44
32604.23

Figure 2.44

% Gear Hobbing Simulation

Fie Edit [ Yiew Data Simuation Colors window Help
Size ta Fit
Eull Screen

Select draming
LContral drawing
Select MJEPH

Hob Force Show
Gear Force Show

Figure 2.45

Hob forces x|

|87hDFb:3N b aterial |
v Fy3
v Fu3
v Fy2
v Fz2
v 12

Figure 2.46

Only of one N-th tooth cutting forces
and torque are shown in this picture.
For more details see figures 1.20 and
1.21.

Numbers of hob tooth N and hob
rotation angle discrete H can be
changed in Select parameter dialog
box (hold Shift key and click mouse
left button in graphical window) with
N and H button.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom
X and Zoom Y are available.

You can control which forces or torque to show in picture.

Select View menu and click Hob force Show or hold Ctrl key
and click right mouse button.

Click on desired check box in Show area. Program redraws

picture automatically.

Push OK, when you have selected all curves in picture.
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2.6.2 Forces of all hob teeth from TFto TL in series

%Eeal Hobbing simulation graphic window ] 3}
Cuttinyg forces of hob in one tooth sSpace gear ﬂ
Coordinate system: hob E2¥2ZZ, hob tooth E3¥3Z3
N= -7 - number of hob tooth
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2.6.3 Forces ofreal cutting with all hob teeth
fEear Hobbing simulation graphic window o ] 54 |
Real cutting forces and torgue in hob coordinate system ﬂ
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Figure 2.48

For more details see figures 1.22 and
1.23.

Numbers of hob tooth N and hob
rotation angle discrete H can be
changed in Select parameter dialog box
(hold shift key and click mouse left
button in graphical window) with N
and H buttons.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom X
and Zoom Y are available.

What to show you can select in Hob
forces dialog box (hold Ctrl key and
click right mouse button).

For more details see figure 1.24.

Numbers of hob tooth N and hob
rotation angle discrete H can be
changed in Select parameter dialog
box (hold shift key and click mouse
left button in graphical window) with
N and H button.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom
X and Zoom Y are available.

What to show you can select in Hob
forces dialog box (hold Ctrl key and
click right mouse button).
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2.7 Cutting forces in gear coordinates

Cutting forces can be shown for one hob tooth, for all hob teeth in series and as real cutting forces in

gear coordinate system.

2.7.1 Forces of one N-th hob tooth

ﬁ Gear Hobbing simulation graphic window

Cutting forces of N-th hob tooth in gear coordinate system
N= -4 - number of hob tooth
H= -77 - rotation angle of hob tooth
HAax Hax for M

113.08 £9.55 Fxl1 gear

330.39 330.3% Fyl gear

1536.78 1277.28 Fzl gear
156837.81 7145.48 Moml gear

H= =77
-0.18

9.08
-734.64
5380.19
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Figure 2.49
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Figure 2.50
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Figure 2.51

Only of one N-th tooth cutting forces
and torque in gear coordinate system
are shown in this picture. For more
details see figures 1.1 and 1.2.

Number of hob tooth N and hob
rotation angle discrete H can be
changed in Select parameter dialog
box (hold shift key and click mouse
left button in graphical window) with
N and H button.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom
X and Zoom Y are available.

You can control which forces or torque to show in picture.

Select View menu and click Gear force Show or hold Ctrl key
and click right mouse button.

Click on desired check box in Show area. Program redraws
picture automatically. Push OK, when you have selected all

curves in picture.
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2.7.2 Forces of all hob teeth from TFto TL in series

43 Gear Hobbing simulation graphic window

cutting forces in one tooth Space gear,
M= -4 — nwnber of hob tooth
H= -77 - rotation angle of hob tooth
MAZ Max for N
113.08 1175.75 Fxl gear
330.38 552.61
1536.78 201.23
15837.81 335.32

gear coordinate system Z171Z1

Fyl gear
Fzl gear
Mowl gear

J=i [m o]
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Figure 2.52

2.7.3 Forces of real cutting with-all hob teeth

48 Gear Hobbing simulation graphic window

Real cutting forces and torgue in gear coordinate System
M= -6 — nwnber of hob tooth

H= -77 - rotation angle of hob tooth
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Figure 2.53

Numbers of hob tooth N and hob
rotation angle discrete H can be
changed in Select parameter dialog
box (hold Shift key and click mouse
left button in graphical window) with
N and H button.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom
X and Zoom Y are available.

What to show you can select in Gear
forces dialog box (hold Ctrl key and
click right mouse button).

Numbers of hob tooth N and hob
rotation angle discrete H can be
changed in Select parameter dialog
box (hold Shift key and click mouse
left button in graphical window) with
N and H buttons.

Size and position of picture can be
changed in Drawing control dialog box
(click mouse left button in graphical
window). Buttons Move, Zoom, Zoom
X and Zoom Y are available.

What to show you can select in Gear
forces dialog box (hold Ctrl key and
click right mouse button).
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2.8 Gear zero tooth space in 3D view

Picture of Y1(N,J,K) shows top points of K segments in all J layers and cutout K segments with N-th
hob tooth. Picture of dY1(N,J,K) shows cutout with N-th hob tooth tops of K segments in all J layers.
For more details see figure 1.12.
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Numbers of hob tooth N, active J layer and K segment can be changed in Select parameter dialog box

(hold shift key and click mouse left button in graphical window) with N, J and K buttons. Active J
layer is colored in red.

Size and position of picture can be changed in Drawing control dialog box (click mouse left button in
graphical window). Buttons Move, Zoom, Zoom X and Zoom Y are available. Picture can be rotated
with Rotate buttons. Topping of K segments can be scaled with Zoom dY buttons.
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Picture of Y1(J,K) shows top points of K segments in all J layers and cutout K segments with all hob

teeth.

Picture of dY1(J,K) shows cutout with all hob teeth tops of K segments in all J layers.
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Figure 2.56

Active J layer and K segment can be changed in Select parameter dialog box (hold Shift key and click
mouse left button in graphical window) with J and K buttons. Active J layer is colored in red.

Size and position of picture can be changed in Drawing control dialog box (click mouse left button in
graphical window). Buttons Move, Zoom, Zoom X and Zoom Y are available. Picture can be rotated
with Rotate buttons. Topping of K segments can be scaled with Zoom dY buttons.
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