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CHAPTER 1

PRE- AND POST-PROCESSING

The PREPROC command in the main menu leads to the pre-piogesenu shown in Figure 1.1. The
POSTPROC command leads to the dialog box shown in Figurevh@ieMultyx asks for the name of the
post-processing data file created in the analysis step. Whaidaname is entered, the post-processing menu
shown in Figure 1.3 comes up.

IultvX PrePrac

| |

EXIT

QuIT
EXPORTFEMODEL
CHECKJACOBIAN
GENIGLASSFILE

Figurel.l The pre-processing menu.

Multy PostProcEileilame

I
0K
CANCEL

POSTPROCFILEMAME
1 El i

postproc. dat

Figure1l.2 The post-processing file name dialog box.

Multyx Pre- and Post-processing User’s Manual. 1
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PRE- AND POST-PROCESSING
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Figure1.3 The post-processing menu.
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1.1 The GETINERTIALPROPS command

The GETINERTIALPROPS command is available in the pre-pssitggy menu and returns the mass, center
of mass, and polar moment of inertia for a body given body.
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1.2 The EXPORTFEMODEL command

The EXPORTFEMODEL menu is found in both the pre and postgssing menus. This menu allows the
user to output a finite element model of a selected mesh iereitie fixed or body reference frame. The
input fields are described in 1.1.
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Figurel.4 The export FE model menu.
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Table1.1 Export FE Model Menu Inputs

Item Description Condition
BODY Body on which FE mesh to be exported lies.
FILENAME Filename to use for the exported body.
FORMAT FE file format. Options include FE mesh, stress irarats, or nodal loads
ELEMENTTYPE Type of elements use for exported FE file.
MESH Mesh to export to FE file.
TOOTH Tooth, or instance, of the mesh to export.
FIXEDFRAME If turned on, the file will be exported in the
fixed reference frame. If turned off, the FE mesh will be
exported in the body reference frame
NXI The number of elements to be generated in the cross,
sectional direction Xi, of the original element.
NETA The number of elements to be generated in the cross,
sectional direction Eta, of the original element.
NZETA The number of elements to be generated in the cross,

REFINESURFACE

SURFEN_XI

SURFEAXI

SUREN_ETA

SURFEA _ETA

SUREN_ZETA

SURFA_ZETA

sectional direction Zeta, of the original element.
If this flag is turned the mesh will be
refined near the surface
This is the number of elements to be generated IF REFINEFAGETRUE
in cross sectional direction Xi of the original element,
near the surface
This is a factor which controls how much IF REFINESURFATRUE
of the original element dimension is further subdivided to
form the refined surface mesh in the Xi direction
This is the number of elements to be generated IF REFINEFACETRUE
in cross sectional direction Eta of the original element,
near the surface
This is a factor which controls how much IF REFINESURFAGEUE
of the original element dimension is further subdivided to
form the refined surface mesh in the Eta direction
This is the number of elements to be generated IF REFINEFACETRUE
in cross sectional direction Zeta of the original element,
near the surface
This is a factor which controls how much IF REFINESURFEIRUE
of the original element dimension is further subdivided to
form the refined surface mesh in the Zeta direction
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Figure1l5 EXPORTFERESULTS postprocessing menu.

1.3 The EXPORTFERESULTS Command

The EXPORTFERESULTS post-processing command providassiiewith the option of creatinghastran
results output file.(OP2/ . PCH) containing stress and displacement results for a seléctdgd TheGuide
EXPORTFERESULTS postprocessing menu is displayed in EBigus and a description of its inputs are
provided in Tables 1.2 and 1.3.

The refine surface option allows the user to refine the elesrrezdr the surface by specifying the number
of elements in the element coordinate directions: xi, e¢#a.z Xi and eta are the directions normal and
tangential to the surface, respectively. Zeta is in thectima of the rotational axis. The recommended
values are provided in Figure 1.5. The local field option pies the user the option of calculating stresses
near contact points using a local deformation field basederahalytical contact solution. The DISTMIN
input specifies the distance from the contact point, up taclvtiie local field is used. ThdyperView load
cases menu tree and contact results are shown in Figuresd 6a
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Figure1.6 The load cases menu in Hyper\Veiw.
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THE EXPORTFERESULTS COMMAND

Table1.2 Export FE Model Menu Inputs (1/2)

Item Description Condition
BODY Body on which FE mesh to be exported lies.
PROTO Prototype of mesh to be exported.
ELEMENTTYPE Type of elements use for exported FE file.
NXI The number of elements to be generated in the cross,
sectional direction Xi, of the original element.
NETA The number of elements to be generated in the cross,
sectional direction Eta, of the original element.
NZETA The number of elements to be generated in the cross,

REFINESURFACE

SUREN_XI

SURFEA_XI

SUREN_ETA

SUREA_ETA

SUREN_ZETA

SURFA_ZETA

sectional direction Zeta, of the original element.
If this flag is turned the mesh will be
refined near the surface

This is the number of elements to be generated IF REFINEFAGETRUE

in cross sectional direction Xi of the original element,
near the surface

This is a factor which controls how much IF REFINESURFATRUE

of the original element dimension is further subdivided to
form the refined surface mesh in the Xi direction

This is the number of elements to be generated IF REFINEFACETRUE

in cross sectional direction Eta of the original element,
near the surface

This is a factor which controls how much IF REFINESURFAGEJE

of the original element dimension is further subdivided to
form the refined surface mesh in the Eta direction

This is the number of elements to be generated IF REFINEFACETRUE

in cross sectional direction Zeta of the original element,
near the surface

This is a factor which controls how much IF REFINESURFAIRUE

of the original element dimension is further subdivided to
form the refined surface mesh in the Zeta direction
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Table1.3 Export FE Model Menu Inputs (2/2)

Item Description Condition

USELOCAL _FIELD If this flag is turned ON, the local
deformation will be used instead of the FE field when
the distance of the sampling point is less than the

DISTMIN value

DISTMIN The distance used for local deformation if IF USBCAL _FIELD=TRUE
USELOCAL _FIELD is selected. Recommended value
is (toothheight)/3

TOOTHBEGIN The beginning of the tooth instance range

TOOTHEND The end of the tooth instance range

BEGINSTEP The beginning of the time step range

ENDSTEP The end of the time step range

FORMAT The output file format

FILENAME The output file name
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1.4 The CHECKJACOBIAN command

The check Jacobian menu returns the element ID and locatformation for any elements with a negative
Jacobian. The information is output to the information vawd

MUK PreProc Checklacobian
| |

EXIT
QuIT

BODY
OUTPUTSHAFT_ROTOR v
23 =l

START

Figure1.8 The export FE model menu.
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MultvX PostProc 1/2 Toothl oad

EXIT
QuIT
START
CLEAR

SURIFACERAIR [COUNTERSHAFTGEAR_ROTOR_SL + |

MEMEER [COUNTERSHAFTGEAR_ROTOR |

AUTOTOOTH N

TOOTHBEGIN P
N I I Y I

TOOTHEND |33
[ 3 I A I D

BEGINSTEP |1
EREEDEE

ENDSTEP |2
DB DEE

OUTPUTTOFILE [

g L | e o f e

Figurel9 The TOOTHLOAD menu.

1.5 The TOOTHLOAD command

The TOOTHLOAD command in the post-processing menu (Figugg [eads to the menu shown in Fig-
ure 1.9. This menu is used to generate a graph of tooth loatime. The SURFACEPAIR item selects
the contact surface pair for which the load is of interestctEsurface pair has two contacting members or
bodies. The MEMBER parameter selects one of these two hatidshe TOOTHBEGIN and TOOTHEND
items select a range of instance numbers (or tooth numbéitgpvhat body. If TOOTHBEGIN is greater
than TOOTHEND, then the range wraps around the last tootheo$tirface. This range must contditeeth
or less. Selecting the AUTOTOOTH option automatically chemthe tooth range using the loaded teeth.

BEGINSTEP and ENDSTEP are used to select a range of timefstephich results have been stored in
the post-processing file. Figure 1.10 shows a graph of taati 's. time generated by the TOOTHLOAD
command.

The OUTPUTFILENAME item is used to write the tooth load dattian ASCII file. The name of the
ASCII file is entered into the item OUTPUTFILENAME. If the AERID box is checked, and if this file
already exists, then the data is appended at the end of th®flierwise a new file is created.
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Figure1.10 The tooth load vs. time graph generated by the TOOTHLOAD menu.
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| [
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=] | =
QUTPUTTOFILE @

Figure1.11 The CONTACT menu.

1.6 The CONTACT command

The CONTACT command in the post-processing menu (Figurgldagls to the menu shown in Figure 1.11.
This menu is used to generate a graph of contact pressurienes. t

The SURFACEPAIR item selects the contact surface pair fockine pressure is of interest. Each surface
pair has two contacting members or bodies. The MEMBER patemselects one of these two bodies, and
the TOOTHBEGIN and TOOTHEND items select a range of instangabers (or tooth numbers) within
that body. If TOOTHBEGIN is greater than TOOTHEND, then thage wraps around the last tooth of the
surface. This range must contairteeth or less. Selecting the AUTOTOOTH option automatjcsdllects
the tooth number range to cover the loaded teeth. The iterROEBEGIN, SPROFEND, TFACEBEGIN
and TFACEEND are used to restrict the search to a part of theacbsurface. Contact occurring outside this
range is not considered for display in this graph.

Figure 1.12 shows a graph of contact pressure vs. time oeeeritire surface of a pinion tooth. Very
high contact pressures are observed near the tips of thenpamid gear teeth. This high contact pressure
near the edges can be filtered out by turning of EDGECONTAQE. flot without edge contact is shown in
Figure 1.13.
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Figure1.12 The tooth contact pressure vs. time graph generated by the CONTAGT. me
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Figure1.13 The tooth contact pressure vs. time graph generated by the CONTAGT witHout EDGECONTACT.
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Figure1.14 The TOOTHLDHIST menu.

1.7 The TOOTHLDHIST command

The TOOTHLDHIST command in the post-processing menu (leiduB) leads to the menu shown in Fig-
ure 1.14. This menu is used to generate a histogram of toatslat the different teeth in the pinion or gear
at a particular time step. The SURFACEPAIR item selects thitase pair, and the MEMBER parameter
selects one of the two bodies in this pair. The time step nunsbeelected by the TIMESTEP item. If the

AUTOSCALE box is checked, then the vertical scale is autically computed. Otherwise the user can
specify a maximum load value to be used for scaling the \@réixis. The color of the histogram is specified
in the HISTCOLOR item. An example of a tooth load histograrstiewn in Figure 1.15.

1.8 The SUBSURFACE command

The SUBSURFACE command in the post-processing menu (Fig®eleads to the menu shown in Fig-
ure 1.16. This menu is used to generate a graph of subsuti@sses vs. depth under the most critical
point in the contact zone. The items TOOTHBEGIN and TOOTHEMNB used to select a range of surface
instances (tooth numbers). There can be at moséth in this range.

The items DEPTHBEGIN and DEPTHEND define a depth range, anfINBEPTH specifies the number
of points over this range. Very close to the surface, theatidse stresses have a large error because of the
concentrated nature of the load. So DEPTHBEGIN should neveset to zero.

The stress component is selected in the COMPONENT box. @ptwailable are MAXPPLNORMAL
(the maximum principal normal stresg), MINPPLNORMAL (the minimum principal normal stress),
MAXSHEAR (the maximum shear stress,,,) and VONMISES (the Von Mises’ octahedral shear stress

SV]W)-
Figure 1.17 shows an example of a graph of sub-surface stsesiepth.
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Figure1.16 The SUBSURFACE menu.
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Figure1.17 The sub-surface shear graph generated by the SUBSURFACE menu.
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Figure1.18 The GRIDLDHIST menu.

1.9 The GRIDLDHIST command

The GRIDLDHIST command in the post-processing menu (FiguB leads to the menu shown in Fig-
ure 1.18. This menu is used to generate a histogram of thrébdison of contact load over individual contact
grid cells. This figure is useful in determining whether tlomtact grid cell has been properly sized, and
whether it has adequate resolution.

The SURFACEPAIR item selects the surface pair, and the MERIBBErameter selects one of the two
bodies in this pair. The items TOOTHBEGIN and TOOTHEND aredi® select a range of surface instances
(tooth numbers). There can be at mosteth in this range. The item TIMESTEP selects a time stepbheuam

Figure 1.19 shows an example of a grid load histogram.

1.10 The GRIDPRHIST command

The GRIDPRHIST command in the post-processing menu (Fig8Eleads to the menu shown in Fig-
ure 1.20. This menu is used to generate a histogram of thebdisdn of contact pressure over individual
contact grid cells. This command is very similar to the GRIEMIST command. The only difference is that
it uses contact pressure instead of contact load.

Figure 1.21 shows an example of a grid pressure histogram.
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Figure1.20 The GRIDPRHIST menu.
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Figure1.22 The SEPBEFHIST menu.

1.11 The SEPBEFHIST command

The SEPBEFHIST command in the post-processing menu (Fig@)eleads to the menu shown in Fig-
ure 1.22. This menu is used to to generate a histogram of strébdition of normal separation over individual
contact grid cells, in the unloaded and undeformed state.

Figure 1.23 shows an example of a histogram of separationeiubloaded state. Negative separation
values are possible in this histogram.

1.12 The SEPAFTHIST command

The SEPAFTHIST command in the post-processing menu (Figjl8eleads to the menu shown in Fig-
ure 1.24. This menu is used to to generate a histogram of skrédition of normal separation over individual
contact grid cells, in the loaded and deformed state.

Figure 1.25 shows an example of a histogram of separatidmeitofaded state. These separation values
must be either zero or positive.
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Figure1.23 The histogram of grid separation before contact, generated by theESERBT menu.
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Figure1.24 The SEPAFTHIST menu.
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Figure1.25 The histogram of grid separation after contact, generated by the SERSFTMenu.
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1.13 The SEARCHSTRESS command

The SEARCHSTRESS command of the post-processing menuré-ig3) leads to the menu shown in
Figure 1.26. This menu is used to locate the most criticakses in the system.

The COMPONENT box is used to select the stress componenteyeist. Available choices are MAXP-
PLSTRESS (the maximum principal normal stresy MINPPLSTRESS (the minimum principal normal
stressss), MAXSHEAR (the maximum shear stress,...), and VONMISES (the Von Mises’ octahedral
shear stressy ).

Depending on selection in the XAXIS box, the stress can bplalied as a function of time (TIME),
profile (SPROF), face (TFACE) or depth (DEPTH).

The stress values are computed over a range of time stepsfigspdy BEGINSTEP and ENDSTEP),
teeth (specified by TOOTHBEGIN and TOOTHEND), location gdhe profile (specified by SPROFBE-
GIN, SPROFEND and NUMSPROF), location along the face ($ieedby TFACEBEGIN, TFACEEND and
NUMTFACE), and depth (specified by DEPTHBEGIN, DEPTHEND &MIdMDEPTH).

If the number of teeth in the range defined by TOOTHBEGIN andTEEND is7 or less, and if the
SEPTEETH box is checked, then a separate graph is drawndbtteath. Otherwise a single graph is drawn
showing the most critical stress among all the teeth in thgea

Selection of the AUTOTOQOTH option automatically selects thoth range for a given surface pair. The
surface pair is selected from a drop-down menu that appgenrs selection of the AUTOTOOTH flag. The
AUTOTOOQOTH option is not visible for conformal surface paasall teeth in conformal pairs are loaded.

Searching for stresses in the depth direction is a very ctariptensive operation, so the number of points
in the depth direction should be keptlaif possible. If a graph of stress vs. depth is desired, therrdhge
of the other parameters should be restricted as much asbfmssi

The FOCUS NEXT SEARCH option allows the user to focus the n@xton the critical point only. USE
LOCAL FIELD uses the local deformation field to compute thress values near the contact area. DISTMIN
specifies the minimum distance from a contact point thatesl! dsr the local field.

File output is controlled by the OUTPUTTOFILE, FILENAME adPPEND items. Figure 1.27 shows
an example of stress as a function of time, Figure 1.28 shtnsssas a function of profile position. Sharp
oscillations can be seen in this graph in the vicinity of tbaaentrated contact loads. Figure 1.29 shows a
graph of stress vs. face.

1.14 The POINTSTRESS command

The POINTSTRESS command of the post-processing menu @ig3) leads to the menu shown in Fig-
ure 1.30. This menu is used to track normal stresses in afgpdicéction at a specific point on a surface.

The surface is selected by specifying the body in the BODY dnuk a surface in the SURFACE box. A
range of teeth with up t@ teeth is selected through the TOOTHBEGIN and TOOTHEND itefgrofile
and face location on this surface is specified through theCFP&hd TFACE parameters.

The direction is specified by an angle in the item ANGLE. Thgla is the angle between the normal
direction of interest and the profile direction (if the RERBEICTION option is SPROF) or the face direction
(if the REFDIRECTION option is TFACE). The angle is measunsihg the right hand rule about the outward
normal to the surface.

The range of time steps is specified by the BEGINSTEP and ENEPSiems. File output is controlled
by the OUTPUTTOFILE, FILENAME and APPEND items.

Figure 1.31 shows an example of the graph generated by tima.me
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Figure1.28 The graph of root stress vs. profile, generated by the SEARCHSSREEIU.
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Figure1.29 The graph of root stress vs. face, generated by the SEARCHSTRIESS.
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Figure1.32 PATTERN menu with involute angle grid overlay (SURFPARAMTYPE=INVOLE).

1.15 The PATTERN command

The PATTERN command of the post-processing menu (Figundda8ls to the menu shown in Figure 1.37.
This menu is used to draw color or contour distribution ofteshpressure, flash temperature, specific film
thickness on the tooth surface and surface weatr.

The tooth surface is selected by choosing the gear pair iIstHRFACEPAIR box and a member from
the MEMBER drop down list. A range of teeth in contact is seddcthrough the TOOTHBEGIN and
TOOTHEND items. The range of time steps is specified by the BEFEP and ENDSTEP items.

The parameter to be plotted is chosen in the PATTERNCOMPOMNEfU item. The distribution can be
displayed in color if the COLORS box is checked, or with camtlines if the CONTOURS box is checked.
At least one of them must be turned ON to draw the pattern.

The pattern drawing is not three-dimensional. Itis a ptiagewmf the contact surface in the-z coordinate
plane. A line is drawn on the plot at the root-face transitiaius.

If the SMOOTH box is checked, then the pattern data will beatimed by fitting a polynomial surface to
the raw data.

If the FLIP box is checked, the orientation of the Z axis onptlw is flipped pointing towards left of the
screen.By default, the Z axis points towards the right entti@kcreen.

The GRID option enables the user to overlay @ayx parametric tooth surface coordinates (S&T),
involute coordinates (angles), or cyclindrical coord@safradius) on the pattern distribution. When the GRID
box is selected, the coordinate type for the grid can be weldcom the SURFPARAMTYPE drop-down
menu. Figures 1.32 through 1.35 show the menus and pattartisefinvolute and cylindrical grid overlays.
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Figure1.34 PATTERN menu with cylindrical coordinate grid overlay (SURFPARAMTECYLINDRICAL).
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Figure1.35 Contact pattern with cylindrical coordinate grid overlay.
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To draw sliding velocity and rolling velocity on the pattegiot, the corresponding SLIDING VELOCITY
and ROLLING VELOCITY checkbox must be turned ON. This drawsd arrow in the direction of the
vector.

The ENABLE.OVERLAY checkbox allows the user to import an outline of theth to overlay onto the
contact pattern plot. This allows the user to visualize thtgon on a gear tooth with any special features
(chamfers, etc.) since the default drawing is on top of aaregutilar tooth surface. The overlay file format is
such that each line in the file contains the (r,z) coordinatessingle point on the curve. The curve is closed
automatically by joining the first and last points. Multiglarves can be created by leaving blank lines in
between each curve.

MODELUNITS will be the system of units used in setting up thedal. This is needed to convert the
stresses and gear material properties from model units@ost8ndard units to calculate flash temperature
and specific film thickness.

1.15.1 Contact Pattern

To draw the contact pattern, PATTERNCOMPONENT must be sEQO TACTPRESSURE and the PRES-
SURESTYPE is set to either CALYX or HERTZ. CALYX uses the caettgrid based pressure values cal-
culated inMultyx and HERTZ uses the Hertz formula along with the load intgresid relative curvatures.A
sample contact pattern is shown in Figure 1.38.

1.15.1.1 Edge Contact Considerations Transmission3D uses a linear elastic deformation model, which
has the consequence of pressure singularities (infinitesspre) where a tooth makes edge contact. In a nu-
merical program lik&ransmission3D, this produces a vary large pressure value that increasiesegblution

and fails to converge locally.

The Hertz formula is valid for infinitely long contacting aytiers with constant curvature. Although it
is invalid for gears where curvatures is not constant, itilsuseful for comparison so it is provided. In
real world scenarios, there are no singularities. Near dge dinear elasticity breaks down and most likely
enters the elastic-plastic regime, the details of whiclehat been sufficiently studied.

The degree to which edge contact matters is largely depéngen the design criteria. In aerospace ap-
plications, where safety considerations are of upmost itapoe, edge contact is not allowed. In automotive
applications, noise is often an important consideratiod,gear sets where the contact pattern does not touch
the edge produce more noise due to a larger transmission Btogt automotive engineers will ignore edge
contact and filter out the higher values when extractinggunresnumbers.

The EDGECONTACT box can be used to enable/disable edgeatdntboth the PATTERN and CON-
TACT postprocessing menus.

1.15.2 Flash Temperature

The flash temperature is calculated based on the 1ISO stan8av@R 15144-1,Calculation of micropitting
load capacity of cylindrical spur and helical gears [19].To get a distribution of flash temperature at the
contact surface, the PATTERNCOMPONENT is set to FLASHTEMiI aet coefficient of friction MU,
specific heat of conductivityl{AM BD A_ST) and specific heat capacity(’°_SI)for the gears as shown in
Figure 1.37.Since the I1SO standard is based on Sl units tigeanal properties, specific heat capacity and
conductivity must be given in Sl units of J/kgK and W/mK regpesty.

If SAMEMATERIAL flag is checked on, both the gears are modeléith same thermal properties. When
turned OFF, independent material properties of two geauldHze given.

The equation to calculate the flash temperature is statesvpel

g, VT 106 0. H,. |V, | o
T 2 BVt + Buav/Via 1000E,
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where,
By = v pui-Ami-can
Buyre =/ pm2-Amz-cuo
1—112 1—1n2 -t
E. =2 ( 5 T TE )

0 - Flash Temperature, Celsius
I - Coefficient of friction
By, Byo - Thermal Coefficient of member 1 and member 2
Av1, A2 - Specific heat conductivity of member 1 and member 2, (Dé&fddl W/mK)
CM1,CM2 - Specific heat capacity of member 1 and member 2,(Default:JAgK)
pumi,pave - Density of member 1 and memberkd;/m3
Eq, Es - Young’s Modulus of member 1 and membeNZnm?
V1, Vo - Poisson’s Ratio of member 1 and member 2
E. - Reduced Modulus of Elasticityy /mm?
H, - Contact pressuréy/mm?
Vs - Sliding velocity, m/s
Vi1, Vio - Rolling velocity of member 1 and member 2, m/s
K - Normal radius of relative curvature, mm

1.15.2.1 Coefficient of Friction The 1SO standard defines the equation for mean coefficieniabioh
(u.n,) over the entire tooth surface. Galyx, this equation is modified to compute the local coefficierftiof

tion using velocity, curvature, and load intensity at thealaliscretized points when ttd/ TOCOM PUTE_MU
flag is turned ON. This local, instantaneous coefficient iafifsn is computed using the following equation.
The factors compensating for the nominal load and dynansiofas assumed to be 1.0 in the equation. With
AUTOCOMPUTE_MU flagonl/SE_OIL_TEM P check box is shown.Turning it ON will allow user

to specify independent value for oil inlet temperatureuthied off, then the oil inlet and bulk temperatures
are assumed to be the same.

KuKv.Kgo Kis K L1\ —o.
,u—0.045( AV HV HHB Hy I> (103.7)01\4) 005XRXL
where,
0.025
Xr=22 (Ra>
K
X, =10

Ko, Ky, Kpo,Kug, Ky = 1.0
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Xr - Roughness Factor

L; - Load IntensityN/mm

V, - Sum of rolling velocitiegV,.; + V,.2), m/s
K - Normal radius of relative curvature, mm
Onr - Oilinlet or bulk temperature, Celsius
near - Dynamic viscosity at oil inlet temperature or bulk temyara , Ns/m?
Ka - Application factor

Ky - Dynamic factor

Kg, - Transverse load factor

Kpg - Face load factor

Ky, - Helical load factor

X - Lubrication factor

1.15.3 Film Thickness

The FILMTHICKNESS pattern component calculates the spediforicant film thickness at the contact
surface. This is also calculated based on the formulatiom iSO standard 15144-1.9]. The equations
used to calculate the film thickness are listed below, foaitkat explanation of all parameters please refer to
the standard. The additional inputs needed for lubricamttfiickness calculations are

1. ALPHA_SI,Pressure Viscosity Coefficient of the lubricant at 38:¢/N
. ETA_40_M ET RIC ,Kinematic Viscosity of the lubricant at 40 @ym?/s
. ETA_100_M ET RIC Kinematic Viscosity of the lubricant at 100 Gym?/s

2
3
4. DENSITY _15_SIDensity of the lubricant at 15 G,g/m?
5. BULKTEM P,Bulk Temperature, Celsius

6

. RA_SI Effective arithmetic mean surface roughness of the ggais,

h
hs = R—Z
hy = 1600.5.G 5" C.Uy O7 Wy 013,022
where,
hs - Local Specific Film Thickness
hy - Local Film thicknessym
R, - Effective arithmetic mean roughness valpe;
Gy - Material parameter
Uy - Local Velocity parameter
Wy - Local Load parameter
Sy - Local Sliding parameter

1.15.3.1 Material parameter

G]\,[ = IOG.CE@M.ET

1 1
= 14516(—
Qom = Qo8 * [ o 6(0M+273 311)]
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where,
ass - Pressure viscosity coefficient of the lubricant at 3&€,/N
0y - Bulk temperature, Celsius

Local velocity parameter

_
2000.E, .

near = 1075 vgar.pans

Uy = nom

where,

near - Dynamic viscosity at bulk temperatur®s /m?

V. - Sum of rolling velocitieg V1 + V;2), m/s

venr - Kinematic viscosity at bulk temperatureym? /s

porr - Density of lubricant at bulk temperaturiey /m?

Vonr = 1010A.zng(sM+273)+B 07
where,
= logllog(vao + 0.7) /log(vi00 + 0.7)]
log(313/373)
B =log[log(vao + 0.7)] — A.log313
vyo - Kinematic viscosity at 40 Gpm?/s
vioo0 - Kinematic viscosity at 100 Gnm?/s
Oy +273) — 289
porr = prs. |1 — 0.7, 0 )
P15

p1s - Density of Lubricant at 15 Gsg/m?

1.15.3.2 Local load parameter
2.7r.HS2
Wy = R

where,

H, - Local Contact Stressy/mm?

E,. - Reduced modulus of elasticiti/mm?

1.15.3.3 Local sliding parameter

agB.NoB
Sg = 208168

Qon -Tlo M
Op =0m +0;
where,
agp - Pressure viscosity coefficient of the lubricant at contastperaturem? /N
agyr - Pressure viscosity coefficient of the lubricant at bulk peraturem? /N
nes - Dynamic viscosity of the lubricant at contact temperatiNe /m?
nearr - Dynamic viscosity of the lubricant at bulk temperatuhés /m?

0B - Contact temperature, Celsius
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1.15.3.4 Safety factor against micropitting The micropitting safety factor according to the ISO stan-
dard [L9] is given by the equation

h .
Scon act = UL
tact hgp
where,
hsmin = min(hs) - Minimum specific lubricant film thickness in the contactare
hsp - Permissible specific lubricant film thickness
1.15.4 Wear

The surface wear is another important parameter for stgdyéar pitting failures. The wear depth is calcu-
lated based on Archard’s wear equation as given below

dw
W = k(.1 (1.1)
Substitutingds = v, (¢)dt
w=k / Pla, s (1)dt (1.2)

Assuming sliding velocity and contact pressure distrifmutiemains constant at the given location,

w = k/P(t)vs(t)dt

P
w:kvs/gdm
dt

Us
=k—= [ P(z)d
w Ur/ (z)dz
Replacing? as rolling velocityv,
Us
w = k—/P(x)dm 1.3)
Uy
For a parabolic pressure distribution (Figure 1.39),
4 v
= k=PI
v 3 v
where,
w - Wear per unit cycle, m
k - Wear Coefficient;n? /N (Default: 9.65e-19n2/N)
P - Contactstressy/m?
I - Hertzian Semiwidth, m
vy - Sliding velocity, m/s
v - Rolling velocity, m/s

To calculate the wear , set PATTERNCOMPONENT to WEAR and glevhe number of cycles of gear
and wear coefficient. The wear coefficient is default to 9-69éased on study done in referenca)][
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Figure1.36  Parabolic pressure distribution.
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The PATTERN menu.
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Figure1.38 The contact pattern generated by the PATTERN menu.
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1.15.5 Energy Loss Output and Power Loss Calculation

The flash temperature calculation also outputs energy lessrasult of sliding friction. This calculation
uses the Dowson Higginson model for film thickness, and ed@mthe local coefficient of friction, flash
temperature, specific film thickness, and energy dissipatdis method is the recommended method for
helical gears, and works equally well for spiral and straiggvel gears, but it has not been validated for
hypoid gears. The calculation does not consider energyduossto losses other than sliding friction (i.e.
churning, windage, spin, etc.).

To obtain the energy loss, first select PATTERNCOMPONENT £SHKFICFILMTHICKNESS in the
PATTERN postprocessing menu. Next, the lubricant proesrtoil inlet temperature, bulk temperature,
and steel bulk properties described above must be spectiede film thickness is speed dependent, the
SPEEDFACTOR input allows the user to modify the input speidoumt running another analysis. Selecting
START will run the postprocessing calculations and the gpéoss per tooth engagement will be output in
model units to the information window.

If the model units are ilV andmm, then the energy loss is output i — mm. Dividing by 1000 will
produce the energy loss in Joules. To convert Joules to pawkatts, the energy loss must be multiplied by
the mesh frequency ifi z, or 1/(meshcycletime)

1.15.5.1 Energy Flux The frictional energy loss per unit area at a tooth engageisesefined by the
following equation:

Ji :/(uP(x,t))ds

Substitutingds = v (t)dt
5= [ (uP.0) = vt

Assuming contact pressure and sliding velocity is indepahdith time at a given location

_ P(z)
Jq —u*vs/ dm/dtdw

Replacing® as rolling velocityv,

Ji = /LE P(z)dx

Uy

For a parabolic pressure distribution (Figure 1.39), tles@dl form solution of the integral is

J = %u%ﬁP * [
where,
J; - Energy flux (Energy loss per unit area)
u - Coefficient of friction
v, - Rolling velocity
vy - Sliding velocity
P - Contact pressure

l - Hertzian semi-width
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Figure1.39 Parabolic pressure distribution.
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1.16 The AUDIT command

Frequently the user needs to obtain the force and momemdmafar the individual bodies in the system.
The AUDIT command of the post-processing menu (Figure 1eBlegates an equilibrim ‘audit’ of all the
forces and moments acting on each body. Figure 1.40 showsUBT sub-menu. The list of bodies for
which this audit is to be generated is selected through ansertnd accessed through the SELECT button in
this menu. The range if time steps is specified in the BEGINS&Rd ENDSTEP boxes.

The START button then displays the audit statement in therin&tion window. It can also be sent to an
ASCII file by using the OUTPUTTOFILE, FILENAME and APPEND bes

A sample equilibrium audit for the pinion shaft is shown belo

Tinme=-0.4
Body no. 2: PI Nl ONSHAFT (Origin at:[0,-1,0])

Cont act forces:
Exerted by: PI NI ON
Total :f [-974.3496506, - 360.2120942, - 1. 704639161e-012],
no[ 310. 218819, - 837. 6780654, 1000]
m [ 310. 218819, - 837. 6780654, 25. 65034942]
Total contact force=f [-974.3496506, - 360. 2120942, - 1. 704639161e- 012]
nmo[ 310. 218819, - 837. 6780654, 1000]
m [ 310. 218819, - 837. 6780654, 25. 65034942]

Bearing forces:
Total bearing force=f [0,0,0],

no[ 0, 0, 0]
m[O0,0,0]
Total internal force (inertial+press+body):f [O0,0,0],
no[ 0, 0, 0]
m[O0,0,0]
Total mass & danping force :f [0,0,0],
mo[ 0, 0, 0]
m[0,0, 0]
Total contact force :f [-974.3496506, - 360. 2120942, - 1. 704639161e-012] ,

no[ 310. 218819, - 837. 6780654, 1000]
m [ 310. 218819, - 837. 6780654, 25. 65034942]

Total bearing force :f [0,0,0],
no[ 0, 0, 0]
m[0,0,0]
Total reaction force :f [974. 3496506, 360. 2120942, 1. 704639161e- 012] ,

no[ - 310. 218819, 837. 6780654, - 1000]
m [ - 310. 218819, 837. 6780654, - 25. 65034942]

Resi dual force (error) :f [-5.684341886e-013, 0, 0],
no[ - 5. 684341886e- 014, 1. 136868377e-013, - 1. 813305062e- 010]
m [-5.684341886e- 014, 1. 136868377e- 013, - 1. 818989404e- 010]

The forces (and moments) are broken down into contact fotwearing forces, internal forces, mass
and damping forces and reaction forces. The reaction faeshe forces exerted by the reference frame
constraints.

Two values for the moments are displayed. In the above exgammplrefers to the moments computed
about the origin of the pinion shaft bodystands for the moment computed about the origin of the fixed
reference frame. The moments about the fixed reference faaenmore useful in comparing the action and
reaction acting on different bodies.

Regardless of the origin about which the moments are cordptite X Y and Z components of each force
and moment always refer to the fixed reference frame.
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Figurel.41 The BODYDEFLECTION menu.

1.17 The BODYDEFLECTION command

The BODYDEFLECTION command of the post-processing menguyfé 1.3) leads to the menu shown in
Figure 1.41. This menu is used to generate a graph (FRR)ref a component of the rigid body type motion
of a body as a function of time. The six components of motiat ttan be graphed are tBeranslation
motionsu,, u, andu, and the three rotation componefts ¢, andé.. These components are calculated
in the reference frame attached to the body. The rotatiorpooents are displayed Radians.

1.17.1 Obtaining Transmission Error with the BODYDEFLECTI  ON command

The transmission error (TE) of a two gear model can be cakedland plotted using the BODYDEFLEC-
TION menu. The high speed member (ROTORTYPE=INPUT) is fisedyenerating a plot for the THETAZ
component of the low speed member (ROTORTYPE=OUTPUT) meslthe transmission error, as shown
in Figure 1.42. The TE peak to peak value is also displayetiéniiformation log window. The transient
andor frequency domain data can be output to a file by setetttnOUTPUTTOFILE option along with the
OUTPUT.TRANSIENT andor OUTPUTHARMONICS option(s).

1.18 The BODYREACTION command

The BODYREACTION command of the post-processing menu (feigu3) leads to the menu shown in
Figure 1.43. This menu is used to generate a graph (Figu4@ &f4 component of the body frame reaction
as a function of time. The six force components that can behgrd are the three forcés,, F, andF,, and
the three momentd/,, M, and/,. These components are calculated in the reference fraamhatt to the
body. The moments are computed about origin of this referénaene.
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Figure1.42 The transmission error plot using the BODYDEFLECTION menu.
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Figure1.44 The graph generated by the BODYREACTION menu.
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Figurel1.45 The BRGDEFORMN menu.

1.19 The BRGDEFORMN command

The BRGDEFORMN command of the post-processing menu (FigjiBeleads to the menu shown in Fig-
ure 1.45. This menu is used to generate a graph (Figure 1f46)amponent of the bearing deformation as
a function of time. The six components of motion that can t@phed are thd translation motions,,, u,
andu, and the3 rotation component8,, 6, andd, of bearing race 1 with respect to bearing race 2. The
components are measured in bearing race Multyx, bearing race 2 for the pinion and gear bearings are
attached to the fixed body (ground). So the components argathe as they would appear when measured
in the fixed frame.

The rotation components are displayediadians.

1.20 The BRGREACTION command

The BRGREACTION command of the post-processing menu (Eidus) leads to the menu shown in Fig-
ure 1.47. This menu is used to generate a graph (Figtref a component of the bearing reaction as a
function of time. The six force components that can be grere the three forcesB,, F, and F,, and
the three moments/,;, M, andM .. The forces are measured relative to the reference race lieférence
frame. For example, if race 1 is the reference race, thedpagaction force is the force exerted by race 2
on race 1 measured in the race 1 reference frame.

1.21 The BRGPATTERN command

The BRGPATTERN command of the post-processing menu (FigBkeleads to the menu shown in Fig-
ure??. This menu is used to generate a contact pattern (Figurg @f30e roller length (Z) as a function
of angular position T. The contact pattern can be generatethé contact between the roller contact with
the INNER or OUTER race and can be generated for any numbénefdteps. There are three PATTERN-
COMPONENTS that can be generated: CONTACTPRESSURE, SUBBUESHEAR, and SUBSUR-
FACEVONMISES. The COLORS option generates the patternliorc@ONTOURS draws the pattern with
contour lines at a specified DELTAPRESS value. For both the @RS and CONTOURS options, MIN-
PRESS and MAXPRESS values are also required. The FLIP offifi@rthe orientation of the z-axis in the
pattern, and GRID turns on a mesh grid which is overlayed profdhe pattern. PRESSURETYPE can be
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Figure1.49 The BRGPATTERN menu.

setto CALYX or HERTZ for the contact pressure and sub suréhear components. The OUTPUTTOFILE
switch allows the pattern data to be output to a text file sigetin the FILENAME input field.

These components are the forces and moments exerted byoacade 2. The components are calculated
in the race 2 reference frame. The moments are about theafgace 2. InMultyx, race 2 for the pinion
bearing, as well as for the gear bearing is attached to thd brely (ground). So the components are the
same as they would appear when measured in the fixed refdranoe



THE BRGPATTERN COMMAND 57

oy Ealyrm., 33T Dk Toarssin Cirr] Wil T T T T Fr e ——— win

Figure1.50 The bearing contact pattern.



58 PRE- AND POST-PROCESSING

MultvX PostProc 1/1 BearinoContact

EXIT

QuIir

START

CLEAR

YAXIS
EE

| CONTACTPRESSURE

Kl

XAAIS

|LENGTH

Kl

BEARIMNG

| CARRIERBRGT

Kl

SURFACE

|OUTER:

L]

BEGINSTEP
HEEEM

ENDSTEP
HEEHEMEE

ROLLERBEGIN
HEEEM

ROLLEREMD
HEEEM

PRESSURETYPE

@ L Ll Ll ff Ll | L]

OUTPUTTOFILE

1

Figure1.51 The BRGCONTACT menu.

1.22 The BRGCONTACT command

The BRGCONTACT postprocessing command leads to the menursiioFigure 1.51. This menu can be
used to generate a plot of contact pressure, load intessitysurface shear stress, or Von Mises sub surface
stress vs either length or roller number. For the 'vs lengtbts, the values are taken for each contact grid in
the length direction, and the maximum values at each lergiiion are plotted for each roller as shown in
Figure 1.52. For the 'vs roller’ plots, the maximum value acleroller is taken and plotted against the roller
identification number as shown in Figure 1.53. The rolledlpbot can only be plotted vs roller ID since the
load is a summation of the individual maximum grid loads ie kangth direction. The roller load vs roller

plot is shown in Figure 1.54.
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Table1.4 The BRGCONTACT menu inputs.

ltem Description

YAXIS Switch, The Y-axis variable to be plotted. Options
are: CONTACTPRESSURE, LOADINTENSITY, SUBSUR-
FACESHEAR, SUBSURFACEVONMISES, and ROLLER-
LOAD.

XAXIS Switch, The X-axis variable to be plotted. Options are
LENGTH and ROLLER. *Note: LENGTH is not an option
when ROLLERLOAD is selected as the Y-axis variable, since
ROLLERLOAD plots the total load on each roller.

BEARING Switch, The name of the bearing for which the plot is desired.

SURFACE Switch, The roller-race surface to sample data from. Ogtion
are INNER or OUTER.

BEGINSTEP Integer, The time step to begin sampling data.

ENDSTEP Integer, The time step to end sampling data.

ROLLERBEGIN | Integer, The roller number to begin sampling data.

ROLLEREND Integer, The roller number to end sampling data.

OUTPUTTOFILE

Boolean, Enables the ability to write the data to a text file.
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Figure1.55 Shaft Deformation Menu.

Tablel5 The SHAFTDEFORMN menu inputs.

Item Description

BODY Switch, Selects the body.

COMPONENT Switch, Selects the component of the shaft deformation.
BEGINSHAFT Switch, The first shaft of interest.

ENDSHAFT Switch, The last shaft of interest.

NAXIALSAMPLES | Integer, The number of samples over each finite element in the
axial direction.

LOCATION Switch, The surface location where the sample points areto b
located.

OUTPUTTOFILE Boolean, Enables user to output deformation data to a text fil

1.23 The SHAFTDEFORMN command

The shaft deformation postprocessing menu (Figure 1.5®)althe user to obtain the global x, y, or z com-
ponents of the shaft deflection as a function of axial pasitibthe shaft along the rotor axis. The deflection
values are calculated by sampling a number of points on thieetkesurface, chosen with the LOCATION
input, and averaging the deflection vector component at agighlocation. NAXIALSAMPLES defines the
number of samples on each finite element in the axial dinectieformation data is output to a data file by
selecting the OUTPUTTOFILE box. Table 1.5 shows the desoripf each of the menu items.
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1.24 The FATIGUE command

Bending fatigue occurs in the fillet region of a gear tooth @rdistinct from the contact fatigue phenomenon
observed in the contacting zone. The peak tensile bendiegsstalues occur on the fillet of the loaded side
of the gear tooth, while the peak compressive stress occutseounloaded fillet

If we search for the maximung, in the profile direction, and over all time instances for indiial face
cross sections of individual teeth, it is possible to geteeaagraph of; vs face position, where each curve
represents an individual tooth. Each data point on the a@presents the maximum over all time instances
and profile positions. Similarly, the instantaneous disition of minimum principal normal stresg can be
plotted vs face position.

The peak values of; andsz do not occur at the same place on the fillet. Hence the peakds; cannot
be used simultaneously for calculating the fatigue lifestdad the local values ef andss at every point on
the fillet must be used to calculate a local life. The life af tiear or pinion will be the life at the point on
the fillet with the shortest life.

To calculate local bending life at any point on the fillet, wek at the time-history of stress at that fillet
point. If we run a model for exactly one mesh-cycle, eachit@alvances by exactly one tooth pitch over the
analysis time range. Since all teeth on a particular geddargical, we can replicate the entire stress history
of a single tooth as it goes all the way around the by splicaggther predictions on all individual teeth. This
allows us to compute the maximum (over time) of the maximuimgipal normal stress; and the minimum
(over time) of the minimum principal normal stregsat each point on the fillet. Then we compute the local
alternating stress,;; and mean stress,,..,, values:

mgz:r(sl) + mtin(s;.))

Smean = 2

mgm(sl) — mfin(s;),)
2

A specimen under purely alternating uni-axial stress aumdis., would be equivalent to the state of stress
at this fillet point(s.ean, Sait) if

Salt =

Salt whenspeqn <0
Seq = Salt

1-— Smean/Sult

A Haigh diagram (Figure 1.56 for example) is an X-Y plot in wiithe X axis represents the mean stress
Smean @nd the Y axis represents the alternating steggs The values of s;can, Sait) at individual fillet
points appear as discrete points on the Haigh diagram. Equdhnts lying on the right of the vertical axis,
Seq IS the intersection point of the vertical axis with a linedhgh (s,,eqn, Sair) and (Syit, 0). Sy is the
ultimate tensile strength (See Table 1.6). For points thairl the left of the vertical axis,, is the same as
Salt-

otherwise (14)

Table1.6 Strength Parameters used in the fatigue calculation.

Ultimate Strengtht,,;; 1585M Pa
Yield StrengthS,;e.q 1515M Pa
Endurance LimitS.,,4 700M Pa

The two red lines indicate the points on the fillet that haweriiyhest value of.,, and the highest value
for sqi¢. The point with the highest,, is considered the critical point for bending fatigue fadlur

The blue line which connects,,;;, 0) to (0, S.,.«) demarcates the boundary between points with infinite
life, and points with finite life. Any points,,can, sqit) that lies above the blue line would generate a value
for s.q higher than the endurance limt,;, and would fail under fatigue after a finite number of cycles.
Any point that lies below the blue line would have infiniteelif
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The green line on the Haigh diagram joi(iS,;c:q, 0) with (0, Sy;cia) , and demarcates the separation
between points that undergo tensile yieldimgg@(sl) > Syieia) in the first load cycle, and those that will
not. Sy;e1q4 iS the tensile yield strength.

The local life NV, . is related to the local., through anS — N curve. Various forms of — IV curve are
available, and should be chosen based on the applicatiordeRaonstration purposes we use a very simple
S — N curve commonly used for steel, based on a text-book stifes&llure theory P1]. This theory
assumes that the life of steel is infinite when < Se,.q, life at ats., = Sena IS Niire = 106 load cycles,

that the life ats., = S1000 = 0.9S.+ is Ni;s = 10% load cycles, and that in between these two points, the
S — N curve is a straight line when the life axis is in log scale,la® in Figure 1.57.

1.0 T T T T T T T] T T T 1] 1 1 17
(103,0.9)
0.9 |
0.8 |
=
a8
2
A
s
w
0.6 |
Send |
Sult
(1063 Send/sult)
0.4 | [ | L1
103 10* 10° 10° 107
Life to Failure Ny ¢. (in Load Cycles)
Figure1.57  An S-N curve commonly used for steell].
This.S — N curve can be represented by
00 whens., < Send
Niife = ? 15
b { 10=C/bgl/b whensg, > Sena) (1-5)
or
Seq = 10N}, when10® < Ny;p. < 106 (1.6)
where the constantsandC are calculated to generate a straight line on the graph:
1
b= —Liog S1000
3 Send
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Figure1.58 Fatigue damage contour plot.

(S1000)?

end

C =logio
The local damage fractioP at each point on the fillet afté¥ load cycles is defined as the fraction:
D = N/Nite a.7)

whereNj; . is the predicted local life at that fillet point. Figure 1.988/s an example of damage contour
plot on the fillet region of a gear tooth. In this case, sifte: 1.0 at all points on the surface, failure is not
predicted to occur when subjected to only this loading cycle

These damage distribution maps are easily used to compuotelative damage when the pinion is sub-
jected to varying load conditions. We would simply run a safgmanalysis for each loading conditigrand
obtain damage distribution plots fdp; using the process described above. Then, using Miner's wee
simply add the damage distributions to get the cumulativeatge distribution:

D=Y"D; (1.8)

1.24.1 Max Damage Criterion

The FATIGUE menu for the MAXDAMAGE CRITERION is show in Figure 1.59. For the max damage
criterion we sample the fillet stress in the direction nortadhe tooth cross section at each critical s,t location
for each tooth in the range BEGINTOOTH to ENDTOOTH. The valage sampled over the time step range
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Figure1.59 The FATIGUE menu with MAXDAMAGE criteron.

BEGINSTEP to ENDSTEP and then stitched together by timeisgithe samples for each successive tooth
by the mesh cycle time. If the time step range is equivaletitéamesh cycle time, then the extended time
period is:

Towt = (ENDTOOTH — BEGINTOOTH + 1) % tpreshcyete-

This stress signa,.,, shown in Figure 1.60, is then run through a rainflow courgeraunt the reversals in
the signal. To ensure proper rainflow counting, check thaifSTMIN parameter is set to roughly 1/4 of
the tooth height. If not, points near the contact zone mayabgpted resulting in large spikes the the signal
that will affect the rainflow counting.

Figure 1.61 shows what the rainflow chart might look like. Each reversal, the fraction of cycles,
Smean, @aNdS;; are calculated from the signal and used to complteusing Equation 1.9. The fatigue life
for each reversal can then be obtained from the S-N curveatkfin the user inputs for YIELLBTRENGTH,
ULTIMATE _STRENGTH, and ENDURANCHE.IMIT.

Salt Whensmean < 0

Seq = ___ Salt

1-— Smean/Sult

The damage for each reversal is then calculated; as ]ﬁ, wherec; is the fraction of cycles for the
reversal andV; is the reversal fatigue life. The cumulative damage for tfzelicase is then

n 1 TrLoadCase
DroadCase = Zi:mivema d; x TEat

otherwise (1.9)
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Figure1.60 The normal stress graph over extended time.
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Figure1.61 Rainflow counting data.
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Figurel.62 Fatigue damage contour plot.

whereTqqcase 1S equal to the user input LOADDURATIOMIRS. A damage contour plot, similar to the
one shown in Figure 1.62, is generated in the guide outpptajipane.
A results file can also be written by selecting the OUTPUTTI(E-bption and entering an OUTPUT-

FILENAME. This file contains thes,,,, vs T.,; data, rainflow data, and surface damage and life contour
maps.
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Figure1.63 The EGDELOAD post-processing menu.

1.25 The EDGELOAD Command

The EDGELOAD post-processing menu produces the load orifdedsity over time for any contact deemed
edge contact. Within the EDGELOAD menu, shown in Figure 1tl68 user selects the SURFACEPAIR and
MEMBER of interest, where the member is the gear containfirgtooth edge of interest. Selecting AU-
TOTOOTH will automatically determine the teeth in contamterwise the tooth range is specified by the
BEGINTOOTH and ENDTOQOTH fields. The time history data is gaeed for the time range determined
by the BEGINSTEP and ENDSTEP inputs. The EDGECOMPONENT -dimpn selects LOAD or LOAD-
INTENSITY component, and the XAXIS drop-down selects TIMET&ACE as the horizontal axis for the
plotdata generated. Turning on the OUTPUTTOFILE box anaif§gag an OUTPUTFILENAME writes
the data to a text file. APPEND allows the file to be appendel @ach execution of the EDGELOAD menu
so that data for multiple pairsmembers can be written to dineesfile.
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Figure1.64 Edge load intensity time history.
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1.26 The Helical Misaligment Output File

Successful completion of a model analysis results in thatione of theHELI CALM SALI GNMENT. DAT
file within the calyxtmp/ subdirectory of the model workingettory. This file contains the misalignment
data for each gear pair in the model at each analysis timariost The format of the file is:

Time @1 151 @2 152 @31 1531 @32 1532 @33 1833

where,

Time - Anaysis step time in seconds

0, - Misalignment of pair 1

ls1 - Lead Slope of pair 1

O, - Misalignment of pair 2

lsy - Lead Slope of pair 2

O3; - Misalignment of pair 3, group 1 (This occurs for SUN-PINIBNNG-
PINION,PINION-PINION pairs)

ls31 - Lead Slope of pair 3, group 1

O3, - Misalignment of pair 3, group 2

lsso - LeadSlope of pair 3, group 2

The sign convention for the misalignment and lead slopeegls positive shifts contact towards the
zeta=+1 side of the tooth, and a negative value shifts cotdaard the zeta=-1 side. The lead slope values
are given per unit facewidth.

1.26.1 Misalignment Application as Lead Slope Correction

The misalignment can be applied as a lead slope correctiondf the gears of the gear pair of interest by
multiplying the the misalignment per unit facewidth giventhe HELICALMISALIGNMENT.DAT file by
the facewidth of the gear. Note the sign of the misalignmeovigded and cautiously apply this correction
such that it will shift contact in the opposite direction.

1.26.2 Misalignment Application as Rotor Misalignment

The misalignment may also be applied to one of the two geaasa@®r misalignment. Note that application
of the misalignment using this method will apply the misalitent to all existing rotor components, which
may not be desired. Application of the misalignment usirig thethod requires the following transforma-
tions from the line normal to the line of action to the x and ysaof the rotor (assuming z is the axis of
rotation).

9y - @File * COS(¢)
®$ = ®File * sm(¢)

1.27 The Backlash Output File

Transmission3D calculates and outputs the backlash of a gear tooth painglam analysis if the BACK-
CONTACT box is selected in the PAIRS menu. Figure 1.66 shdwsriput parameters when this box is
selected. The backlash results data is written to a file NndBAGIKLASH. DAT located in the

cal yxt np subdirectory of the model directory. The first column of the $hows the time data, while the
2nd and 3rd columns show the angular (radians) and line&idst respectively.
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eMisalignr'nentFiIf-:

Figure1.65 Rotor misalignment schematic.
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Figure1.66 The BACKCONTACT input parameters from the T3D PAIRS menu.
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0.10 * Facewidth

Tooth Height
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Figure1.67 Hypoid gear backlash point of measurement.

Angular backlash is determined by holding the pinion at aastipular time step and rotating the gear
until contact is made on the back side of the tooth. The angatation, in radians, is the angular backlash.
The angular backlash is different for each time step becthspinion position changes at each step.

Linear backlash must be measured following a process thac@mmended by Gleason. Figure 1.67
shows the point, i, at which the backlash is measured usingl andicator normal to the tooth surface. The
point is located at a distance of 10% of the face width fromhiel end of the gear on the convex side of
the tooth. It is at the midpoint of the gear tooth in the prdfileection. If the pinion is fixed and the gear is
rotated until the back side makes contact, linear backk#tei dial indicator measurement at point i.

1.28 The STEPCREATE and STEPCONVERT Programs

The STEPCREATE and STEPCONVERT programs are utility pnogréhat can convert gears between
CAD and Transmission3D. The STEPCREATE program creates a 3D CAD gear solid from a igea
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Figure1.68 STEPCREATE/STEPCONVERT Installation.

Transmission3D model. The STEPCONVERT program converts a CAD gear toothssidace into a 3D
point cloud data structure that can be imported ifrinsmission3D to model the gear.

The two programs are installed together with a single ilestalThe installer can be downloaded from
the Ansol tech-support website €chsupoort. ansol . con). To install the software, simply open the
MSiI file and follow the installation instructions from the imanstall menu shown in Figure 1.68. Note the
installation path chosen during this process as this wilibed to execute the program from the command
prompt.

1.28.1 The STEPCREATE Program

The StepCreate program convertSransmission3D sun, helical pinion, ring, bevel, bevel pinion, or hypoid
into CAD format. To run the program, open a command prompange to the model directory to the
directory of the desiredransmission3D model, and type the installation path of the StepCreate.&ke
model must first be generated Tnansmission3D in order to populate the system.cfg file. The user inputs
are shown in Figure 1.69. Simply enter the desired rotorjara(if applicable), and gear id, and the program
will automatically perform the conversion. Some more td#te gear geometries may require using advanced
settings. These settings can adjust the number of facdépmafints, or the offset tolerance, which is the
amount the tooth slot surface is extended at all edges tsettethe gear blank solid. Figure 1.70 shows the
output log after a successful conversion. The exportedhtsiot inHypermesh is shown in Figure 1.71.

Figure1.69 The STEPCREATE program command prompt inputs.
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Figurel1.70 The STEPCREATE program command prompt output log.

Figure1.71 The exported tooth slot.

1.28.2 The STEPCONVERT Program

The STEPCONVERT program converts a CAD file of a tooth slofasgrin STEP(st p) or IGES( i gs)
format into a pointcloud text file that can be usedlmansmission3D to generate a bevel, bevel pinion, or
hypoid gear. The required axis orientation of the file to beveoted is shown in Figure 1.72. To run the
program, open up a command prompt and switch to the directmmaining the CAD file and execute the
StepConvert.exe program by typing its full installatioritpaThe program will ask for a number of inputs
related to the gear tooth geometry. The output file labelésitis label the point cloud files generated by the
program. After entering the required inputs the prograrmexitcuted and display an output log, if successful.
Two files are generated in the working folder: a text file comiey the point cloud coordinate data, and a
multyx script file that can be executed withiransmission3D to automatically fill the POINTCLOUD menu.
The StepConvert program inputs and output log, as well afildsegenerated are shown in Figure 1.73. To
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execute the script, simply click the EXECUTESCRIPT buttor®inside the POINTCLOUD menu, shown
in Figure 1.74, and select tiMultyx script generated by the StepConvert program. The last ralataf must
be removed, since it contains only a partial row of data, shimexample, we change the 25 slices to 24 in
the POINTCLOUD menu after the script was executed. The geeémpoint cloud and its axis orientation
are shown in Figures 1.75 and 1.76, respectively.

Figure1.72 The required axis orientation.

Figure1.73 The step convert program execution and output.
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Figure1.74 The bevel pinion POINTCLOUD menu.

Figure1.75 The generated point cloud.
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Figurel1.76 The point cloud orientation.



CHAPTER 2

PRE AND POST PROCESSING USING
IGLASSVIEWER

IglassViewer is a powerful tool for pre and postprocessiagrgnodels and results. Several features have
been added to thdultyx program to enhance the compatability with IglassVieweudihcan be considered
as a program which enables the user to view pre and postgingdies generated by an external code. Note
that the IglassViewer graphics window is independent ofjilide graphics window. The advantage of using
IglassViewer over guide program for pre and postprocessitiat it is more faster, efficient and more simple
to operate. Also, you can animate the models which is notilplesssing the Guide program. Following
sections gives a detailed explanation of the procedureréating the pre and postprocessing iglass files and
also the various functions associated with the iglass aragr

2.1 Generating an Iglass file for preprocessing

The GENIGLASSFILE command in Figure 1.1 will lead to a menowsh in Figure 2.1 using which you
can generate a preprocessing file for Iglass. The filenanpedfied in the IGLASSFILENAME menu. The
time at which the user wants to visualise the model can befggd the TIME menu. The user can also
visualise the model at a sequence of time steps by enternguimber of steps in the NTIMESTEPS menu.
The DELTATIME menu is the value of time increment betweencessive writes to the iglass file. The
POPUPIGLASS menu if turned on will automatically open up liflass graphical window after the Igass
file is generated. If it is not turned on, only the data file fflass will be created, and iglass will have to be
started manually. Using the SELECT menu in Figure 2.1 the e select the bodies to be displayed in the
Iglass graphical window. Click on the START button in Figré to generate the Iglass preprocessing file.
After the file is generated and if the POPUPIGLASS menu isddron a separate Iglass window will open
showing the reference axes and the gear bodies (selected 8ELECT menu). An example of the Iglass
preprocessing window for a planetary system is shown inrei@u2. As shown in Figure, it has 3 menus-
View, Bodies and Attributes. The Attributes menu is usederammmonly in the postprocessing mode. The
‘Exit’ button in each menu will close the Iglass graphics doxv.

Multyx Pre- and Post-processing User’s Manual. 81
By Advanced Numerical Solutions Copyright © 2024 Advancedrgucal Solutions, LLC
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Figure2.1 The generate Iglass file menu
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Figure2.2 An example of an Iglass preprocessing window.
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Figure2.3 Iglass preprocessing view menu

2.2 View menu

The View menu is shown in Figure 2.3. Table 2.1 shows the comtasks performed by some of the buttons
displayed in this menu.

Apart from all the features shown in Table 2.1 you can alsateothe model using the left mouse button.
Drag the left mouse button in the direction you want to rotatemodel in the iglass graphics window. Also
the model can be moved in the graphics window in any direstigsu want using the right mouse button.
Drag the right mouse button in the direction you want to ménerhodel in the iglass graphics window.

2.2.1 Finite element mesh
The finite element mesh model can be visualised if the ‘FiBllament Mesh’ item is selected. Figure 2.4
shows the finite element mesh model of the gear bodies irsiglaeprocessing.

2.2.2 Cutting plane

Using the cutting plane switch shown in Figure 2.5 you canalise the model along a section. This feature
is especially useful in pre and post processing of commitatodels with a large number of internal gears.
The cutting plane can be selected along the +ve andX-v& and Z axes. Using the button below the
cutplane switch you can select the cutting plane at variaistg along the axis chosen by the cut plane
switch option.

2.2.3 Selecting the time step

User can visualise the model at a particular timestep isggtae-processing using the ‘Position’ slider shown
in Figure 2.6. Each position corresponds to the DELTATIMEesed in the generate iglass file menu. The
corresponding time can be seen in the ‘Time’ item shown infE@.7.

2.2.4 Reference frames

The default reference frame is the FIXED reference framé.th& bodies appear to move when observed
from the FIXED frame. The model will align itself to this reénce frame when the iglass window pops up.



Table2.1 Common buttons in Iglass pre and postprocessing window

Button

Purpose

-]

A

| ~

A

Zoom In
Zoom Out

Move the model upwards (If Spin is
turned OFF)

Move the model downwards (If Spin
is turned OFF)

Move the model towards right (If
Spin is turned OFF)

Move the model towards left (If
Spin is turned OFF)

Rotate the model upwards (If Spinis
turned ON)

Rotate the model downwards (If
Spin is turned ON)

Rotate the model towards right (If
Spin is turned ON)

Rotate the model towards left (If
Spin is turned ON)

Rotate the model clockwise (If Spin
is turned ON)

Rotate the model counterclockwise
(If Spin is turned ON)

View the model in an isometric view
View the model in the Y— Z plane
View the model in the X- Z plane
View the model in the X- Y plane

VIEW MENU

85
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Figure2.4 Finite element mesh model of the gear bodies

W Cuttwmay
Cut Plare:

_J_

Figure2.5 The cutting plane switch.
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Figure2.6 The position slider.
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Tirne:
0.000000

Figure2.7 The time menu.

Eeference Frame:

Figure2.8 The reference frame switch.

The reference frame can be aligned to a body member usingférence frame switch shown in Figure 2.8.
If you select the SUN gear as the reference frame the referfeame origin will coincide with the origin of
the sun. The sun will appear stationary when observed frenSthN reference frame, and the other bodies
orbit around it. If the PINION option is selected then thesrehce frame origin aligns itself to the origin of
the pinion.

2.3 The Bodies menu

The ‘Bodies’ menu is shown in Figure 2.9. The body member eatumed on or off by clicking on the
member name in the Bodies menu. User can view the tooth andrtsector separately for each gear body.

View  Bodies | attibs |

PN =
(Spin)

GV |
Bk

Selected Bodies:

Pinion 1 Tooth
Pinion Rim 1 Sector
Pinior with rim
GEAR

Gear 1 Tooth

-] Giear Rim 1 Sector
[ Gear with fim

Figure2.9 Iglass preprocessing Bodies menu



88 PRE AND POST PROCESSING USING IGLASSVIEWER

bultvi PostProc 1011 GeniislazsFile

EXIT
QT
SELECT

IGLASSFILENAME  [|GLacs DAT
O |

SELGhEE | =

EMDSTERP .
" =

POPUPIGLASS v [z
START

Figure2.10 The generate iglass file menu for post processing.

2.4 Post processing using iglass

The GENIGLASSFILE command in Figure 1.3 leads to the gepdmdass file menu shown in Figure 2.10
for post processing in iglass. BEGINSTEP and ENDSTEP mehowssin Figure 2.10 define the range for
which you want to check for results. Note that these menumdependent of the GOTOPOSN menu shown
in Figure 1.3.

An example of an iglass post processing window is shown inrfei@.11.

2.5 Features specific to iglass post processing

The position switch shown in Figure 2.12 is used to run theukation of the model in the post processing
iglass window. You can look at the simulation at a partictilae step by dragging the slider along the scale.
The ‘Defmn’(deformation) slider shown in Figure 2.13 is dge view the deformed shaped of the gear
bodies. The ‘Rigid Defl’ and the ‘F.E.Defl’ shows the rigid lyadkflection and the finite element deflection
of the bodies. The magnification scale of deformation cardipesed using the slider. The load slider shown
in Figure 2.14 is used to look for the load patterns on a too#r the range of time step selected in the
BEGINSTEP and ENDSTEP menus. The magnification scale oflgachn be adjusted using the slider.
The directions of the bearing forces and moments can beligedausing the ‘Brg Frc’ and ‘Brg Mom’
sliders shown in Figure 2.15. The magnification scale of theds and the moments can be adjusted using
the respective sliders.

The ‘Attribs’ menu is shown in Figure 2.16. The attribute mahown in Figure 2.17 is used to check for
contours for different component of results. The availaip¢ions are DISPLVECTOR, MAXPPLNOR-
MAL, S2PPLNORMAL, MINPPLNORMAL, MAXSHEAR, VONMISES and ERORESTIMATE. The
DISPLVECTOR will pop up a component switch using which thatoarr for displacement vector in the X,
Y and Z directions can be displayed. MAXPPLNORMAL, S2PPLN@AR_, MINPPLNORMAL, MAXS-
HEAR, VONMISES menus show their respective stress contdttie ERRORESTIMATE menu is used to
display the stress error estimate. This error estimaterigpated from the magnitude of the inter-element
stress discontinuity.

The colors for minimum and maximum stress contours can b&ated using the palette mode menu
shown in Figure 2.18. A POSITIVE mode will align the scalenfr® (minimum stress) to a maximum
positive value (maximum stress). A NEGATIVE mode will aligre scale from 0 to a negative value. The
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Figure2.11 An example of an iglass post processing window.
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Figure2.13 The deformation slider.
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Load: ID.DDBB45

l
||

Figure2.14 The load slider.
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Figure2.15 The bearing forces and moments sliders.
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Figure2.16 The iglass postprocessing attribute menu.
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Figure2.17 The attribute switch.
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Figure2.18 The palette switch.

Figure2.19 Picking the stress value at a nodal point of the finite element mesh
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Figure2.20 The background color popup window switch.
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Figure2.21 The Contact pattern menu.

BOTH type mode will align the scale from the maximum negatigie (minimum stress) to a maximum
positive value (maximum stress). In order to find the stréssreode, double click on the gear body. The
finite element nodes are now visible as shown in figure 2.1kidh once on the node will show the stress
at that nodal point in the ‘pick’ item of the Palette menu.

Double clicking on the ‘Background’ button will popup thedtor’ window shown in Figure 2.20 using
which you can change the background color of the iglass geaptindow.

The Contact pattern menu shown in Figure 2.21 is used to \nevedntact pressure pattern on the con-
tacting surfaces. Figure 2.22 shows an example of a conddtetrp on the gear tooth.

The EXIT button will take you out of the iglass post procegsirindow.
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Figure2.22 Example of a contact pattern on a gear tooth
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