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Abstract: In this paper, is proposed a methodology torevolving motion around axis; ¢ angular parameter.
determine the rack-gear tool's profiling, recipribca

enwrapping with an ordered profile curl, associatéith a &s g n
circular centrode, using the capabilites of CATIA e~ N
software, by making a kinematical entity which guce C - // \ ~C,
the rolling movement of centrodes associated vaith and > z,Z
blank. Is presented an application of the gendggirsahm / X’g( \

regarding the rack tool's profiling. They are presel the
successive steps of this process and, also, nuaheric

]
‘\
examples regarding the crossing profile of the 1gear \\\f/

. /0 J/Z’Y

tool. The method quality is proofed by comparing th \ /?/

obtained results with results obtained for the same ~ \L At ¢

problem, using one of the analytical methods, thdidV [

method, and software developed in Java Fig. 1. A couple of rolling centrodes; generating
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1. INTRODUCTION The principled kinematics of the rolling process

between the two centrode€; and C,, tangents in
The profiling of tools which generate by envelopiith ~ Point P — the gearing pole — assume that the speed
rolling method — rack-gear tool and gear shapegrcut  Of points belongs to the two centrodes, temporally
may be realized, as is known by more methods: tiwadly found in pointP, to be equals.
methods, based on fundamentals theorem of surfac&®r the equations of the surfaces profile, belogs
enwrapping (T Olivier theorem, Gohman theorem, family to be generated

method of normals, Willis [1], [2]); complementary 0
analytical methods (“minimum distance” method, s = Y(u) )
method of “substitutive circles family”, “the indote
generating trajectory” method) [3l], [4]; Z(u) '
grapho-analitical methods [5]; graphical methods,with u variable parameter, is generated, in fig
which use the capabilities of CAD software [6],.[7] reference system, the profile family:
2. GENERATING KINEMATICS E(u,¢) =0 ,

(Z)¢ n(u.¢)=Y(ucosp- Z(usip+ Rp (3)
In principle, the problem for profiling the rackaye J(u,¢)=Y(using+ Z( ycogp- R ,

tool reciprocally enveloping with an ordered predil

curl, associated with a circular centrode, assume tof which enveloping is the profile of rack tool.
follow the generating process kinematics, see dédur

The two rolling centrodesC, associated with the 2.1 The kinematics method in the CATIA design

ordered profiles curl to be generated a environment

rectilinear, associated with the rack tool's spaae, Is proposed a new solution of the rack tool's

in rolling, so, is permanently follow the condition profiling, using the capabilities of CATIA software
A=R, [ (1) by making a kinematics entity which reproduce the

rolling movement of centrodes: circle with radRis,

associated with the profile’s curl and straightelin
which is associated with the space of the rack tool
P, the gearing pole, on the centrod®, in the The proposed solution is based on the facilitieghef

where: A is the linear velocity in the translating
motion ofC, centrode;R, [$ — the velocity in point
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Part environment Part Environment in which is  new file of the points belongs to profile.

synthesized the elements of a mechanism, capable The mechanism elements are created one at a time, i
simulate the enwrapping condition, in this case theéhePart environment, and are inserted in an assembly
condition of normals. These elements, creatd@art  file created in theAssemblyenvironment, named
environment, are introduced in a file of thesembly GenCremalierafigure 3.

environment, assuring the positioning of the

mechanism elements in the start position, and tinen, ‘:EEenCrema'iera
the DMU Kinematicsenvironment Digital Mock Up M baza [Baza)

to establish the predefined kinematics couples. S i (Fiesa.d)

The mechanism movement is making by command

Simulation establishing a number of intermediary

positions Shots creating with Replay command, a

movie of the successive positions of the mechanism. Fig. 3. The CATIA tree representing the asseméy fi

With commandTraceis traced the trajectory of any with all thePart files

point from an element of the mechanism regarding

any another element of this, including the globalThe Baza file contains the fixed part of the

reference system, determining in this way, themechanism and represents more lines which will fix

gearing line between the profile to be generatatl anthe other elements, figure 4.

the rack tool’s profile. o .

These trajectories represent curves on t$mpéine

obtained by successive points obtained by mechanism

rolling. The coordinates of these points may be L~ "

extracted as text files, see figure 2. P R—
Et@l‘r{aasmm

[ U'=70.711mm

ﬁ:ﬁ Cremaliera [Cremaliera.l]

| 5 1 et Tachet]

plane
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The Piesafile contains the geometrical elements of
the profile to be generated, figure 5.

N

Fig. 2. Algorithm for generating in the CATIA desig
environment

3. APPLICATION: RACK-GEAR TOOL
FOR A POLYGONAL SHAFT

@l Parameters

To obtain the tool's profile for a variety of polygal L:g;fgn
shafts, means for various length of the polygom sid

o X
i Relations

are need two stages. 'gF'lG\de
. . . . . [~ 36k Formula.2: "Geo., Lylength'=
The first step is to indicate the side length ahne t I

diameter of the rolling circle, as input data. Thiay feromuta & Cea. end <
be making by introducing in a text or Excel fileeth |

values, following that in CATIA to be modified fﬁ
automatically the entire mechanism, according the B

- GriginePiesa

new input data. In the same stage, is created the [L . .

H patelntrare

mechanism, the rolling of this and the tool's 7 Raaatare
profiling. The export of the coordinates of poiots i _ _ .
profile may be making irtxt format or in Excel Fig. 5. ThePiesafile

format. The second stage, consist in the partially o _ _ _ _
remaking of the mechanism’s couples, the rolling ofCremalierais thePart file which contains the rolling
mechanism in order to obtain the new tool's profile Straight line, with the length of a circular pitohthe
for the previously modified values and the exporai  curl to be generated, see figure 6.
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In table 1, are presented the constraints andinke |

plane i between the mechanism elements.
ST - J— The Tachet file, see figure 7, contains two lines:
Al Tangentawhich is tangent to the piece’s profile and

.J“ Bxis Systems
il

S Normalg in contact point crossing the gear pole.
]:lfi‘ﬂr‘:Sﬂmm
E‘%-‘Lcr‘:BM.ISQmm

3@ Tachet
Fi

™3 Relations —

= plane

fea Formula,l "Lt ="Rr * FI* 2

— & 7 nlane

fo Formula.2: "Geo.,, liers\Z ="Rr"

fE’f}Furmu\a‘S: ‘e, retEnd’="Lor

#2 Datelntrare

ﬂ-ggagmm;ﬁ setl - :
- OriginePiesa
# Originecremaliera < PunctContact

v DreaptaRulare 2 =

" RazaRulare i _.-"j Morrmala
—’ﬁ?‘ PartBody ol -;.fl'

Fig. 6. TheCremalierafile i Tangenta s
-ﬁ' PartBody

In the assembly fil&&enCremalieraare introduced all

of the elements, with the commaiasert Existing Fig. 7. TheTachetffile

Component
Table 1. Constraints in the assembly environment
Crt. no| Constraint type Mechanism elements
1 Fix Baza -
2 Coincidence Plane YZ (of the eleme®azg, fig. 4 Plane YZ (of the elemeRies3, fig. 5
3 Coincidence Plane YZ (of the eleme®azg, fig. 4 | Plane YZ (of the eleme@remalierg, fig. 6
4 Coincidence Plane YZ (of the eleme®azg, fig. 4 Plane YZ (of the elemeiiache}, fig. 7
5 Coincidence Axis (of the elemenBaz3g, fig. 4 Axis (of the elemerRies3, fig. 5
6 Coincidence GhldaJCremahera_(of the elemenBazg, | DreaptaRulare(of the elemenCremalierg,
fig.4 fig. 6
7 Coincidence PolulAngrenareEc(i)J Te elemenBazy, Normala(of the elemenTache}, fig. 7
8 Coincidence PunctContac(of_the elementache}, | An end point (ve_rtex_) of profile frorRiesa
fig.7 file, fig. 5
9 Coincidence | Tangenta(of the elementTachej, fig. 7 Profile sidd_ (Pies3, fig. 5
Table 2. Joints in the DMU Kinematics environments
Crt. : .
no Joints type| Mechanism elements
1 Fix Baza -
2 Revolute Axa (of the elemenBaz3, fig.4 Axa (of the elemenPiesg, fig.5
3 | Prismatic | GhidajCremaliera(of the element Baza), fig.j4 DreaptaRulargof the elemen€remalierg, fig.6
4 Rack YZ plane (of the elemetazg, fig.4 YZ plane (of the elemeifiache}, fig.7
5 | Prismatic Tangentgof the elemenTache}, fig.7 Profile sidd_ (of the elemenPies3, fig.5
6 |PointCurve| PolulAngrenarii(of the elemenBaz3, fig.4 Normala(of the elemenTache}, fig.7
7 |PointCurve] PunctContac{of the elemenTache}, fig.7 Profile sidd. (of the elemenPies3, fig.5
8 Rigid SculaHexagon -
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After these constraints,
mechanism, see table 2.
In the DMU Kinematicsenvironment, CATIA allow

are created

to create more mechanism, with the same assembly

elements as in th&ssemblyenvironment with the
joints from theDMU Kinematicstoolbar.

In figure 8, are represented some of the shootifigs
the mechanism rolling.

oy

Tool's

the joint$.1. The Generating of Straight lined profiles

For the polygonal shaft is defined the analyticahf
of the profile to be generated, see figure 9:

X =0;
ZlY=u (4)
Z=a,

with u variable parameter, measured along the profile
anda constant value depending the profile form.

| profile 7C27ﬂ\ - J B B T]
profile L zh, \v// G
E t / © z A \\\
a). b). I Yy Y
§ \ ///— — - —J>
\ B B
[v [ \\/ ‘ /’I(p
Fig. 9 — Straight lined profile
The 2 profile family is on form:
¢=0;
0 t 0 (Z)¢ 7=ucosp-asinp+ R ¢ (5)
' ' { =using +acopp- R, ,
Fig. 8. Successive positions (a-d) of the mechainistine ] )
tool's profile generating process with ¢ variable parameter.
The specifically enveloping condition, in the
4. THE POINT'S COORDINATES “in-plane generation trajectory” methods is:
EXTRACTION cosp _-using-acogp+ R, )
sing ucosp—a sip
After the determination of the tool's profile, the
point’'s coordinates may be exported in a text file, u=R sing 7)
using commandesign Tablefrom thePart menu of =R

the file SculaPatrat.part previously generated. This The equations assemb(g) and (7), for u variable
command will create a text fil&uncteProfil.txt between limitsu,;, =-0.5[R; u., =0.5[R,, for a
The points on this file may be edited with any pexagonal shaft, represent the rack-gear tool'filero
spreadsheet program, @penOfficg Exceletc., for a  reciprocally enwrapping with the shaft’s profile.

easy communication with another software ory taple 3, are presented the tool’s profile couatts
numerical controlled machines, which will machine

the rack-gear tool’s profile.

determined by the analytical method [6], [7], [1&]].
In figure 9, are presented the profiles form ane th

In the second stage, if the user modifies thesrrors obtained at profiling, regarding the cooatis

Datelntrare.txt file, saving the modification of the

input parameters, the CATIA software detect this

thing and warning by thepdatemessage.

After this message the user have to update thenbise
file and the kinematics file in order to remake the
kinematics couples which may be modified.

5. METHOD QUALITY VERIFICATION

It is proposed in following the verification of thi

method by comparing the numerical results obtained

with graphical method regarding the results obthine
by one of the analytical methods: Gohman method
“normals” method; “minimum distance” method etc.

transformation:

ZCATIA = _{JAVA;

(8)
Nearia =M avat 26.1799

30 2520 -15-10 -5 0 5 10 15 20 25 30
N
mm
1 < il
Lo e
1 [
<
-

Fig. 9 — Errors obtained
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Table 3. Points coordinates on tool's profile—norma  The others elements and commands remain

method, in Java program unchanged.
Crt. noj & [mm] n [mm] )
1 0.000 -26.180 Double joint - A (;f cirele
2 0.025 -26.137 Rack Centroid the translation p roﬁ .
. . and rotation )I

3 0.100 -26.006 \ ' Pole

4 0.125 | -25.962 \\\ B 6"8“89;6"1

5 0.175 | -25.875 — i T . =

6 0.200 -25.831

7 0.249 -25.743 : — Ro.tation

8 | 0274 | -25.699 -3 ot

9 0.323 | -25.611 Transiation [ \ Base

= = = Joint !

: : : ’ Tachet
244 | 6.691 | -0.938 \ e
245 | 6.694 | -0.768 PN \

246 6.695 -0.711 gaﬂn 5 . ~ | >
entrol,
247 | 6.696 | -0.540 s
248 6.697 -0.483 Fig. 10. M.G.M.C. for circle’s arc
249 6.698 -0.256
250 6.699 -0.199 Re R

251 6.699 -0.028
252 6.699 0.028
253 6.699 0.199
254 6.698 0.256

255 | 6.697 | 0.483 _w Y | s NS
256 | 6.696 | 0.540 e VS
492 | 0.323 25.611 “Qx B ;
493 | 0274 | 25.699 L I T
494 | 0.249 | 25.743 LR R

495 | 0200 | 25.831 W /‘\ ' N M

496 | 0.175 | 25.875 [ (A

497 | 0125 | 25.962 Wl \ O\ i
498 | 0.100 | 26.006 2 v 3

499 | 0.025 26.137 S
500 | 0.000 26.180 %%

5.2. The Generating of Circle’s Arc Profile AR\
The rack-gear tool's profiling for a profile compak A :
from circles arc, as sprocket, impose to create ir %W
DMU Kinematics a specifically virtual mechanism \ 4
for generation by enwrapping of a circle’s arc, see
figure 10. \\
For the tool's profile determination, which genesat oWz
the flank of a sprocket tooth, the algorithm is the "%lv
same as this for the previous profile. The piece N n
profile will contain two drafts with the flank prie,

see figure 11.
The particularity regarding the virtual mechanismn f After the creation of the filePieces in DMU

gengrﬁlti?g in CATIA envirqnm_en]'E (M.(ﬁ.M.Cﬁ;for Kinematics environment are created the mechanism
straight line segments consist In fact the tramslat ., a5 specifically for curved profiles. For thise

couple betwelen Sledge a”d.P'ef]‘? r']s replacr(]ed With @, ple Prismatic from the straight lined profiles are
rotation couple around an axis which cross thereent 51564 withRevolutecouples for axis of circle’s arc

arc representing the profile. which represent the profile.

Fig. 11. Profile’s geometry of a sprocket tootmia



Fig. 12. Sprocket—assembly—Piece’s file

This couple type allow to rotate the elem&hédge
by the axis from the circle’s arcaXaClandAxaC3,
around similarly axis from the fil®iesg while the
couple PointCurve betweenContactPointfrom the
file Sledge with PieceProfilefrom file Pieceremain
as leader element.

In the DMU Kinematics environment will be realised

After the creation of the mechanism, of the
simulation and after the record of the kinematics,
with commandTrace is draw the tool’s profile.

In figure 13 and table 5, is presented the rack-gea
tool's profile for the sprocket with characteristic
Rr=Re=55 mm; z=12 teeth; R2=25 mm; R1=5 mm;
[3=55°; Rd=45 mm.

Table 4. Kinematics couples for the sprocket peofil

ﬁrot' Joint type Mechanism elements
Fix Base -
2 Revolute Axis (Basg Axis(Piece
. . Rack-gear Rolling line
3 Prismatic guideBase (Rack-geay
. . . Rolling circle
4 RollCurve |Rolling circlePiecg (Rack-geay
Revolute AxaC1, AxaC2 Basg|AxaC1l,AxaC2 Piecg
PointCurve | Gearing poldBasg NormalSledgé
PointCurve |Contact pointgledgg|Profile’s side L Piece

two mechanisms, see figure 12, for each arc of the

composed profile, see table 4.

P
+ ./ OO N °
¢/ N 6
~ \\
e \ 7
E \
P-:HtEOdw \ -8
® Georruetrical Setd N -9
® Georruetrical Jets \\-@
-11 -9 -6 -3 -10
Fig. 13. Rack-gear profile for sprocket
Analytical solution and
According to figure 11, are defined the paramelrica Y=-(R+ R) siB+ B si(B-6,) ; (10)
equations for the two circle’s arc, which consttut BC 1
N Z=Ry-(R+ R) cof+ R cdB-0,)

the sprocket flank:
Y=-R sirg, ;
Z=Ry—- R co¥, ,

AB 60[ 0p] 9)

In this way, from(3), may be deduced the profile’s

family equations in the relative motion of the two

centrode<C; andC,, see figure 1:
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Table 6. Coordinates of points on the rack-geafilpro

Crt. no. »[mm] {mm] Crt. no. ‘ »y[mm] {Imm]
For first zone For second zone
1 -2.9610 6.7801 1 0.5979 0.3265
8 -2.6400 6.2515 8 0.7680 0.0442
15 -2.3974 5.8403 15 0.9655 -0.2299
22 -2.1598 5.4285 22 1.1867 -0.4907
29 -1.9260 5.0149 29 1.4289 -0.7350
36 -1.6946 4.5982 36 1.6897 -0.9610
43 -1.4641 4.1767 43 1.9671 -1.1672
50 -1.2327 3.7485 50 2.2592 -1.3523
57 -0.9985 3.3111 57 2.5641 -1.5155
64 -0.7594 2.8619 64 2.8802 -1.6559
71 -0.5130 2.3978 71 3.2055 -1.7730
78 -0.2569 1.9157 78 3.5383 -1.8662
85 0.0117 1.4121 85 3.8770 -1.9351
92 0.2956 0.8835 92 4.2197 -1.9795
100 0.5979 0.3265 100 4.6634 -2.0000
n=-Rysin(6,-¢;)- Ry sip,+ Ré1 Table. 7. Coordinates of points on rack-gear peofil
A (11) g [mm] n [mm]
1o - B -0.00273 -11.07982
and 0.1355 -10.94476
) 0.27482 -10.80921
1=-(Ru+ R) si(B-¢1)+ 0.41525 11067315
(80) +Ry sin(B-6,-¢1)— Ry sip+ R, (12) 0.55682 -10.53655
P17 =—(R + Ry) co§ B, - 4,) + 0.69954 -10.39938
+R, co{ f~6,~¢,)+ R copy- R 0.84345 -10.2616
- . .. . 0.98856 -10.12318
The spemflcally enwrapping _condl_tlons, ' determined 113439 99841
by the in-plane generating trajector{esare:
- for (AB),: family, 1.2?248 —9.?4431
=6, —arcsin[& sirﬂlj ; (13) 9.9466 -0.6866
Rp 9.95775 -0.61118
- for (BC)y: family, 9.96761 -0.53545
P =p1-0>- 9.97618 -0.45946
[ Ry sin(8-6,)+(R+ B) sif, (14) 9.98344 -0.38323
‘arcs'”{ Rp } 9.9894 -0.30681
The variation limits of parameters, 9.99403 0.23024
9.99735 -0.15356
0<6,<pB,B=55 (15) 9.99934 -0.0768
and 10 0
0< 6, <Gy maxs (16) 6. CONCLUSIONS

0, is determined, from the intersection condition The graphical method, developed based on the design
between the arc with radius; Rvith the external  environment CATIA capabilities has the advantage to
circle of wheel (R=R;=50 mm). use very versatile software and allow a great
In figure 14 and table 7, are presented the foroh anoriginality of the numerical results.

coordinates of the rack-gear tool's profile calteda |s eliminated the emerging of the errors due to the

according to (11)-(14) relations, versus the peofil passing curves which may be regarded, erroneous, as
determined by CAD method, previously presented. profile zones.
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Fig. 14. Rack-gear for sprocket generation

TheTachetmechanism used in the problem solving is
universal, excepting the profiles with singularriei
The profiling precision of rack-gear tool is

comparable with results obtained by analytical
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