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Abstract: The cylindrical worm — star wheel gear can be nmepiiactice, for example, in transmissions
with kinematical purpose, or in the constructionsofgle screw compressors. Despite having a limited
applicability, it presents an important advantagensisting in the simplicity of its manufacturinthe
paper suggests an analytical solution for findihg tnterference at the assemblage of cylindricainve
star wheel gear, which is an important matter cang®y the design of this type of transmission. The
solution lies on a complementary theorem regardingaces enveloping, namely the theorem of plain
generating trajectories family. An analytical alggthm has been developed in MatLab, in order to
implement this solution. A numerical applicatiomigh was solved in a concrete case, is also present
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1. INTRODUCTION The enhancement of the capacities offered by the
graphical design environments (e.g. CATIA) has &b

: ) L LT a new manner to address the particular problems of
practice, for ex_ample, In transmissions W'th Kineioza enwrapped surfaces. It consists in their 3-D modeli
purpose, - or Fl'n ;he construction of single SCreW tollowed by the application of specific algorithms,
corr_;_r;]ressor;, '?' ' h | h developed with the help of the dedicated theordihs [

: e study of a gear whose elements have a non- g paper, we present an analytical algorithm,
involute profile, in our case the gear formed bgtar developed on the base of the theorem of plain gtiner

WhT.EI dand ES ;Onmftﬁd fcyl(ijndrical IW(r)‘rm, cabn ¢ etrajectories family [6]. This algorithm is a toobrf
realized on the base of the fundamental theoremsen studying the interference that inevitably occurewlthe

enwrapped surfaces (Olivier, Gohman [2, 3]). laiso width of star wheel teeth is significant. The metho

possible to solve the same problem by applying,q s py following the trajectories drawn by theings
complementary theorems N Fhe minimum dIS‘tancefrom the tooth profile, during the motion involveg the
method or the family of substitutive circles theargt]. rolling process between the conjugated centrodes
associated to the gear elements. The centrode eof th
worm axial section is rectilinear, while the onettod star
wheel is a circle (see Fig. 2).

The next section is dedicated to describe the lprofi
of the star wheel tooth, and to introduce sevesfgrence
systems, needed to solve the addressed problem. The
third section purpose is to find the helical suefad the
cylindrical worm flanks, conjugated to the surfaestar
wheel tooth, as a cloud of points. The fourth secti
deals with a numerical application of the algoritima
concrete case, while the last one is for conclusion

The cylindrical worm — star wheel gear can be met i

2. THE STARWHEEL PROFILE. REFERENCE
SYSTEMS

Fig. 1. Single screw compressor [1]. . .
g g P g In Fig. 2, there are presented the rolling centsode

associated to the considered enwrapped entitieslga
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Fig. 2. The rolling centrodes and the reference systems.

The following reference systems are introduced,

according to notations from Fig. 2:

* Xyz meaning a global system, havirg — axis
overlaid to star wheel rotation axis,

e XYZ- relative system, attached @, the star wheel
centrode, and

e &nC - relative system, attached @, the centrode of
worm axial section.

The angular parameter of the star wheel rotation is

denoted byp;.
If we consider a triangular profile of the star whe

tooth, than the equations of its flank&B and AC are,
in XYZreference system:

X =-R +ultoss;

AB|Y = -uBing; Q)
Z=0,
and
X =-R +uy, [¢osg;
AC Y =u, [$ing; (2)
Z=0,

In relations (1) and (2)R means the rolling radius
(chosen in this case as equal to the exterior saiy
while u and u; are variable parameters. Their inferior
limit value is obviously zero, while the superianit can
be found by imposing t8 point the condition to belong
to the circle oR radius:

(-R +u,, [Gose) +u,’ Bine = R?,

®3)

and similarly toC point (for findingu,, ).
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3. THECYLINDRICAL WORM PROFILE

The profile of the cylindrical worm reciprocal
enwrapped to the star wheel with triangular toattfife
can be determined by applying diverse methods. Were
present the plain generating trajectories methofl [6
which supposes the steps from below.

3.1. Therédative kinematics
The absolute motions during the gearing process are
» The star wheel rotation, together with its centrGgde

x=w, (¢,)0X; (4)

» The translation of worm axial section, in correlati
with C; rotation,

_(Rr +ri)
-R 9,
0

&E=x-a,with a=

©®)

The equation of the relative motion between the
wheel and the worm results from relations (4) &jd (

_(Rr +ri)
E=w (6,)X-| -R &,
0

(6)

This relative motion determines the families ohia
(ZAB)“,1 and (ZAC)¢1 in &g reference system. After

replacing the known form of the rotation transform
matrix, w3 and by developing the equation (6) we obtain:

& =(-R +ultose)cosp, +
+ulsineBing, +(R +r);

n= (— R +u B:ose)sinq)l +
+uline[cosp, + R [, ;

(Z o) (7)

(=0,

for the family of left tooth flanks, and a similtarm for
the family of right tooth flanks.

3.2. The enveloping condition

We further address to the case of the worm flank
reciprocal enwrapped to left tooth flank, the cage¢he
other flank being very similar to the first one. €Th

envelop of(ZAB)‘p1 profiles family is intended to be found

by the plane generating trajectories method [6]thiis
purpose, the directional parameters of the normal t

AB profile must be found:

- - -

i j k
N:AB =|cost -—sing = -sined —cossD]. (8)
0 0 1

Hereby, the equations of the normal Eprofile
result, written inXYZreference system:
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X =-R +ultose — A [$ing;
NZAB Y =-ul$ine — A [tost;
Z=0.

(9)

The equations of normals trajectories family caw no
be determined, by using (9) and (6):

&= (— R +ultose—A E'l;ins)cosq)l -
—(—u ($ine—A E‘;ose)sinq)l +R +r1;
n=(-R +ultost - A [Bing)sing, +
+(~u3ine - A [tose)cosp, + R (b, ;
¢=0.

(r..)

(10)

1

By imposing the condition that the trajectory dfre
normal to star wheel tooth flank passes by the ge&r
P (see Fig. 1),

& =1
Pin, =R [9,; (11)
Zp = 01
the specific enveloping condition results:
[cose—u
code - 9,) =R‘—. (12)

R

3.3. Theworm axial profile

The ensemble formed by equations (7) and (12)

determines the axial profile of the worm (the radar)
reciprocal enwrapped to the star wheel with tridagu
tooth profile, having in principle the form:

£=&(0,);
S.|n=n(0,); (13)
(=0.
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successive points, then the cloud of points desgyithe
helical surface will consist imxn points.

3.4. Theinterference at the assemblage

Because the star wheel tooth flank is, in genexal,
cylindrical surface with the generatrice perpenkdicio
worm axis, an interference phenomenon occurs
obviously if the two elements (star wheel and woerg
put together in order to form a gear.

The interference can be studied by searching fer th
intersection point between the worm helical surfand
the tooth flank in planes

z=H, (16)

while H parameter take values between zero and half of
the star wheel thicknesB/2.

The intersection point can be effectively found by

numerical calculus. Th&B segment is firstly discretized
in a given number of points having their co-ordasat
expressed idn( reference system:

& =1 +u, [tosg;
n, =-u, $ing;
Zk :01

17)

with u, D[O, umax], k=1,2,.p

Then, for each couplei{ #) we have to search for
the points belonging to the cloud describing théchk
surface, which concomitantly satisfy the condition:

JE -8 ) +(n -n.) <eps,

and the restriction

(18)
lK|<B/2. (19)

In relation (18),epsmeans a parameter with a very
small, positive value (e.g. ) adopted depending on

At the same time, a discrete numerical form of thethe intended precision of the calculus.

rack-gear profile can be determined:

El N, Zl
SAB e e e ’ (14)

By giving a helical motion oV axis andp helical
parameter to the vector (14):

&
N =('02T(V)[SABT_DN[] ,

Zi i=1l..n

(15)

an ordinate cloud of points will result, as diseret
expression of worm helical flank. Herg, means an
arbitrary angular parameter, measured for the iootat

aroundV axis. If v variation interval is discretized im

Hereby, each point( n;, ) can be considered as a
very close approximation (depending, obviously,tba
value being set foepsparameter) of the point where the
two surfaces (worm / wheel tooth) do intersect hie t
planez = .

4. NUMERICAL APPLICATION

A numerical application has been developed with the
purpose of studying the interference phenomenom® Th
application approaches the case of a right handnwor
having a single thread and a star wheel with tiidang
tooth profile.

The nominal values of the parameters defining the
geometry of the addressed gear are the following:

* wheel internal radiud® = 40 mm;
+ wheel external radiufk. =R, = 45 mm;
e wheel width:B = 20 mm;
angle of wheel tooth flank: = 30°;
worm internal radius;; = 30 mm;
< worm helical parametep = 5/t mm.
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Table 1
Worm axial profile (co-ordinates)
Crt L eft flank Right flank
o [ ¢ [mm] n [mm] & [mm] n [mm]
1 30.0000 0.0000 30.0000 0.0000
2 30.0051 -0.0029 30.0051 0.0029
3 30.0102 —-0.0059 30.0102 0.0059
4 30.0153 -0.0089 30.0153 0.0089
5 30.0205 -0.0118 30.0205 0.0118
6 30.0256 -0.0148 30.0256 0.0148
7 30.0307 -0.0178 30.0307 0.0178
8 30.0358 -0.0207 30.0358 0.0207
9 30.0410 -0.0238 30.0410 0.0238
1C 30.0461 -0.0267 30.0461 0.0267|
49¢ 32.6551 -1.7620 32.6551 1.7620
497 32.6606 -1.7661 32.6606 1.7661
49¢ 32.6661 -1.7702 32.6661 1.7702
49¢ 32.6716 -1.7743 32.6716 1.7743
50C 32.6771 -1.7785 32.6771 1.7785
501 32.6826 -1.7826 32.6826 1.7826
50z 32.6882 -1.7867 32.6882 1.7867
50z 32.6937 -1.7909 32.6937 1.7909
504 32.6992 -1.7950 32.6992 1.7950
50& 32.7047 -1.7992 32.7047 1.7992
991 35.3869 -4.0365 35.3869 4.0365
99z 35.3923 -4.0415( 35.3923 4.0415
99: 35.3978 -4.0466 | 35.3978 4.0466
994 35.4033 -4.0516 | 35.4033 4.0516
99t 35.4088 -4.0567 | 35.4088 4.0567
99¢ 35.4143 -4.0617 | 35.4143 4.0617
997 35.4198 -4.0668 | 35.4198 4.0668
99¢ 35.4252 -4.0718 | 35.4252 4.0718
99¢ 35.4307 -4.0769 | 35.4307 4.0769
100C | 35.4362 -4.0819 35.4362 4.0819

point is found, its co-ordinates are recorded ia th

solution vector &ntj, Mintjs Gintj) j = 1, 2, ..

e The results are exported in numerical form (the
solution vector), together to a graphical 3-D
representation of the curve formed by the
intersection points.

The values of the other parameters involved in
solving the addressed numerical application are:

* Number of points for discretizing the tooth flank
profile: n = 1000.

 The maximum value ofi parameter, calculated by
numerically solving (3)Uyax= 5.8992 mm.

e The interval of variation fov angular parameter (see
relation (15)):VD[— T[/2Q0] .

* Number of points for discretizing the value wof
parameterm = 1000.

* The maximum admissible error to be considered for
relation (18):eps=5-10°.

The results obtained after running the MatLab
application are below presented in Tables 1, 2 iand
Figs. 3-5. Table 1 includes samples of the co-ordinates
for the points that give the worm flank profile, axial
section. This profile is depicted, together witte thtar
wheel tooth profile, in Fig. 3.

The co-ordinates of the intersection points between
the helical surface of the worm flank and the ajtical
surface of the star wheel tooth flank (the intexfere
points) are sampled in Table 2 — only left flankse
Fig. 4 presents the 3-D curve obtained by joinihg t
interference points.

In Fig. 5 one can see the part of the star wheshto
flank being affected by the interference phenometion
the left flank case also.

s : f : ey

: Worm axial
profile

A dedicated MatLab application has been written in

order to implement the algorithm from above for

studying the

application are the following:

The superior limit ofi parameten,.y is determined
after numerically solving the equation (3), by
applying the General method [7].

The discretization points of ABsegment are
generated, according to (17).

The worm tooth flank, reciprocal enwrapped to star
wheel tooth is determined in discrete form (14)hwit
the ensemble of equations (7) and (12).

The cloud of points describing the worm helical
flank is built by applying to the vector (14) the
motion (15).

All points from the cloud are checked for satistyin
the condition (18), with the restriction (19), feach

discretization point of ABsegment; once such a

interference. The main steps of theE

32k

_ Star wheel _ :
~ tooth profile -~ N

eta [mm)]

Fig. 3. The reciprocal enwrapped profiles: worm axial ppeof
versus star wheel tooth profile.
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Table 2
I nterference points (co-ordinates)
Crt. & ni G
no. [mm] [mm] [mm]
1 30.4873 -0.2759 4.8287
2 30.4881 -0.2762 4.8239
3 30.4941 -0.2798 4.8200
4 30.5053 -0.2868 4.8168
5 30.5114 -0.2905 4.8128
6 30.5121 -0.2907 4.8080
7 30.5076 -0.2876 4.8024
8 30.5084 -0.2878 4.7976
9 30.5144 -0.2915 4.7937
1C 30.5204 -0.2951 4.7897
48€ | 31.2904 -0.7398 2.5344
487 | 31.2854 -0.7364 2.5290
48¢ 31.2858 -0.7367 2.5241
48¢ 31.2862 -0.7369 2.5192
49C | 31.2866 -0.7372 2.5143
491 31.2870 -0.7374 2.5094
492 31.2928 -0.7413 2.5049
49¢ 31.2986 -0.7452 2.5004
494 31.2990 -0.7454 2.4955
49t | 31.2940 -0.7420 2.4901
971 | 30.2210 -0.1222 0.0424
972 30.2055 -0.1132 0.0377
97:¢ 30.1900 -0.1043 0.0330
974 | 30.1796 -0.0985 0.0283
97t | 30.1590 -0.0865 0.0236
97¢ 30.1436 -0.0777 0.0189
977 30.1230 -0.0659 0.0141
97¢ | 30.1024 -0.0541 0.0094
97¢ | 30.0716 -0.0363 0.0047
98C 30.0152 -0.0039 0.0000
45
4
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Fig. 4. The interference point’s locus.
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Fig. 5. The zone of the tooth flank affected by interfessn
referred to the entire flank length.

In Fig. 5 the zone of the flank affected by inteefece
is represented thicker. By refering it to entirettoflank
length, it represents about 24.88 %.

By using the same Matlab application, we further
present an analysis of the impact brought by gear
elements geometry and dimensions onto the impagtanc
of the interference phenomenon.

In the mentioned purpose, the following parameters
have been successively modified, one at a timer@he
of them remaining at their standard values), arg th
effect onto the interference has been assessed:

* Angle of wheel tooth flanke = 20°, 30°, 40°.
*  Worm internal radius:;; = 20, 30, 40 mm.
*  Worm helical parametep = 5/, 7/t, 9/t mm.

The effect of modifying the tooth flank angle cam b
noticed in Fig. 6. When = 209, the fraction of the flank
length affected by interference increases to 2981
while for ¢ = 40°, the same fraction diminishes to
19.21 % (see also Fig.aj,

The effect of worm internal radius variation is
presented in Fig. B, Forr; = 20 mm, the fraction of the
flank length affected by interference is about 30%,
and forr; = 40 mm, the corresponding fraction is smaller
—21.96 %.

The effect of changing the worm helical parameter
can be observed in Fig.c/,If p = 5t mm, then the
fraction of the flank length affected by interfecenis
about 35.1 %, while ifp = 7/t mm, then the fraction
increase even more, to 44.31 %.

For concluding this analysis, we can state that the
values of the specific parameters, adopted at ésigyd
stage for the gear formed by a star wheel and a
cylindrical worm, have a major impact from the
interference phenomenon point of view.
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Fig. 6. The impact of the tooth flank angle onto the ifel@nce phenomenon extensian: € = 20°,b —e = 30°,c — ¢ = 40°.
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Fig. 7. The dimension of the interference phenomenon dépgron:a — Flank angleb — Worm radius¢ — Helical parameter.

5. CONCLUSIONS

This paper
interference at the assemblage of the cylindricadmv-
star wheel gear. The solution lies on the theorénhe
plane generating trajectories family and enableind
both the worm axial profile, reciprocal enwrappedtie
star wheel tooth profile, and the points of intetsm
between the two profiles, in planes normal to stheel

presents a solution to study the

axis. The numerical implementation of the methodain
concrete case has enabled us to prove the method

feasibility.

The analysis of the dependence between th

further developed in order to improve even mores thi
type of transmission.
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