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Abstract. While hypogerotor pump working, the profiles of timmer and outer rotors match
together following gearing rule of the hypocycldigdgear-set. Therefore, those two opposite
profiles matching each other like in generationcess, and during action, one will roll and slip
in relation with the other. Relative sliding betwetvo profiles in the contact point causes
wearing out of the tooth profile. Aiming to evaleanfluence of the geometrical dimension
parameters of the pump rotor profile on the weathis paper, the authors established equation
for determining slip coefficient from geometricah@nsions. Furthermore, the authors have
investigated and evaluated the phenomenon of thieoslipping to find out the geometrical
dimensional parameters for avoiding unequal weaohdghe inner and outer rotors of the
hypogerotor pump
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1. INTRODUCTION

Hypogerotor pump is designed by internal
matching principle of the hypocycloidal gear-trail
In that pump, the tooth profile of outer gear
hypocycloidal, and that of the matching inner ge
is circular. Also, the relation between the numb|
of teeth of the outer gear,fzand inner gear (¥ \
can be expressed ag z z+1 [1]. On the other §
hand, because of the matching characteristicseof
gear-train, the chambers in the pump are formed
the profiles of the gears and the flange, as shiawn _
the Figure 1 [2, 3]. Also in this gear-train, theter Figure 1. Hypogerotor pump.
gear participates in matching process with its whol
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The influence of the design parameters on the profile sliding in an internal cycloid gear pair

hypocycloidal profile (from dedendum to addendum@anwhile only the addendum part of the
circular-arc profile of the inner gear has invohiatb this process. Following page 60 [4], for
the cycloidal gear pair, the contact stress cleatill increase when two convex profiles are
matching each other. And logically, it leads to wetfiect as in [5, 6], where the authors tried to
find the sliding velocity between the profiles dfet epicycloidal gear pair. Therefore, it is
necessary to select an appropriate set of parasnetegn designing gear profiles (R.), to
ensure that both matching profiles will be worn altyuand simultaneously. This is the main
goal of this research.

2. KINEMATIC ANALYSISOF HYPOGEROTOR PUMP

In [8], the hypogerotor pump consists of the pdimternal matching hypocycloidal gears
with five parameters: E, RR, 1, z. Those parameters are shown in Figure 2.
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Figure 2. Calculating scheme of sliding velocity at matchpaint K.
Where:

E: eccentricity between two rotation centers bé tinner and outer gears (center
distance),

R;: radius of the locus of the centers of the addemducular arcs on the inner rotor,

R: radius of the dedendum arc of the inner roteat{ng with two consecutive addenda of
the inner rotor),

z:: number of teeth of the inner rotor,
rq: radius of the addendum arc of the inner rotor.
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Following matching principle of the hypocycloida¢ay-train, let P be the contact point
between circle of radius El(Ol, r;) and circle of radiuszrzz(oz, r;). Then P will be thepitch
point (stationary in this case) and=Ez, r, = Ez.

K;: are the contact point between the profiles ofdbhter and inner rotors, which;KKo;
belong to the inner and outer rotor, respectively.

Bi: are the center of the circular arc of the inneoradendum.

nn, tt': are the common normal and tangent at the arpitcantact point K(matching
point), and nhalways goes through P;, K.

When the inner rotor is driven clockwise with thAegular velocityay around Q
(Figure 2), it also makes the outer rotor rotatuad Q with the angular velocityw in the same
direction as. The velocities of points Kn the absolute motion can be written as:

VKli (}/I) = a)HK]_i (J/I)
_ @)
VKZi (y|) - 6()2 rKZi (y|)
wherery (1) = 0Ky, Tk, () = OKy;
Projectingv, (), vk, () onto tangent trresults in:
Vi (V) = Vi, () cosB; ()] @
View (V1) = Vi, (1) COSIB,, (1,)]

in which £ (1), B:i(y;) are the angles betweeR (y), Vi, ();) and tangent 'ttat K during
matching process. Subtituting (1) into (2) resints

{v‘@. (V) =@r, (v) coslB, ()]

Viey (V) = @1, (i) COS[By (1)]

where v (x;), Vi, (1) : are components of the sliding velocity af With K;; belongs to the

®3)

profile of the inner rotor, and Xlies on the profile of the outer rotor. The par&ner, (1),
e, ), Bi (1), Bai(y;) in equation (3) will be calculated in the secti@ns, 2.2, 2.3.

2.1. Calculation of re (1), rc, (K)

From equation (6) of [8], the coordinates of thénpd; in the fixed coordination system
B3(0.y3X3) can be expressed as:

"X, (V) =R cosy, +r, coshy, () + ¥ ] +E @
Vi, ) ==Rysiny, =1 gsina; () + ;]
in which a, (y;,) = tan{ = COS_(yi) }
R, - Ez sin(y,)
From the equation (4), one can obtain:
M ) =% P17+, ()1 (5)
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and

ey (1) =% (1) = B+, (1)) (6)

2.2. Calculation of cosBu(Y), cosBi(Y)

Applying the law of cosines to the triangle RQresults in:
[re, (WI° +[PKi(1))* -[Ez]* )

cosp; () =
2re, (KIPK (1)
and
[, (V1 +[PK(y))” —[E(z +1))°
cosp, (y) =—* (8)
2re, (K)PK (1)
where
PK, (1) = (% (1) ~ Ez12 43y (M) ©)
2.3. Transmission ratio of therotors
From equation (2) of [1], the gear ratio can beregped as:
| _w _z+1
12 wz Zl
(10)
i :& = 4
21 ) Zl +1

Case study

For the illustrative purpose, the parameters ofctiresidered gearset are as follows=25,
rg=7mm, R=26.25mm, R=30 mm, E =3.5 mm.
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Figure 3. Absolute velocities at Kand K. Figure 4. Relative velocity ¥, at K;.

When the inner rotor is driven lwy, = 157 (rad/s), the outer rotor is rotated with saene
directionw, = 130.8 (rad/s). In that case, velocitgs (1) , vk, (1) at the contact points;tare

shown in Figure 3. Figure 4 provides the grapthefrelative sliding velocity, ()
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3. PROFILE SLIP COEFFICIENT
3.1. Equation for calculation of the profile slip coefficient

During matching process at Kontact point), one profile rolls and slides against the other.

The relative sliding velocity at the point Kes on the tangent' tand causes wear effect of the
profiles:
Vtrlzi (}/I ) = V:{(:u (}/l ) _V%Zi (}/l ) (11)
Vtr21i (}/I ) = VKzi (}/I ) _VKli (}/I )

Let &; and &; be the slip coefficients of the inner and outetors, respectively. The sliop
coefficients can be defined as:

0t (12)
5= Ve )
2i VLZi (yl )
Substituting equations (3, 6, 8 — 11) into (12¢ shp coefficients can be r as:
¢y =1-iy, ka (V) coslB, (1:)]
My (i) cos[B; ()] 13
EZi =1-i rKli (y| ) COSWli (y| )]

1, 1) cos[B, (1]

Using equations (13), the profile slip coefficiebttween the addendum of the inner rotor
and the dedendum of the outer rotor, as well @inglicoefficient between the dedendum of the
inner rotor and the addendum of the outer rotortmnomputed.

Case study

Using equations (13), figures 5 and 6 show theatian of & and & respectively. In these
figures, the parameters of the hypogerotor pumpzre 5, E = 3.5 mm,= 5.25 mm, R=
26.25 mm, R =20 mm.
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Figure5. Sliding curvet;. Figure 6. Sliding curves,.
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From Figures 5 and 6, it is noticable that theistjccoefficients are always negative at the
tooth dedendum and positive at the tooth addendum.

4. INFLUENCE OF THE KINEMATIC DIMENSION ON THE PROFILE SLIP
COEFFICIENT

As mentioned in Section 2, the hypogerotor pumpbuslt of the pair of internal
hypocycloidal gears with 5 parameters E, R, R, . However, this paper only presents the
influence of two parameters; Rnd g on the profile slip coefficients. The two most ionfant
parameters in the process of manufacturing hypodal-profile gears are:

_R
A= =3 (15)
and
=l 16)
c (

In that case, we can re-formulate the problem iet@aluating the influence of the
parameters\ and c¢ on the profile shift (slip) coefficienfs, &, which will be solved in the
following Sections of 4.1, 4.2, 4.3.

4.1. Influenceof Aon &, &,

In order to evaluate the influence df on & and &, the parameters of the internal
hypocycloidal gear-train are chosen as E = 3.5 Rpx 20 mm, z = 5. Settingc = 1.5 [4]
results i O [1 + 1.57], according to [8].

|

-0.05

-0.1

-0.15

-0.2

-0.25

-0.3

-0.35

- 04 ‘ -
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 Y°

Figure 7. Sliding curvet; with respect ta. Figure 8. Sliding curveg, with respect ta.

Figure 7 shows the sliding curve of the inner rotmddendum and the outer rotor
dedendum. Figure 8 presents the sliding curve @fither rotor dedendum and the outer rotor
addendum with respect to the parameteihe gear-trains with relation tb are presented in
Figure 9. From Figures 7, 8 it can be seen thabtitained results matched with the results in
page 235 of the reference [9]. In case of the aatenypocycloidal gear pair, the profile shift
(slip) coefficient is a constant. However, in théernal hypocycloidal gear train, this coefficient
is not a constant. Whenincreases, meaning that parametgimRreases as well, then the profile
shift coefficient decreases
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Figure 9. Gear-train with respect fa

4.2. Influence of the parameter c on the profile dip coefficient

In the case of E= 3.5 mm; z 5,4 = 1.5 and R =20 mm, according to [8], it can be
proved that ¢J [0 + 7.78]. Figure 10 shows the sliding curve of theeinrotor addendum and
the outer rotor dedendum, and in Figure 11 is lideng curve of the outer rotor dedendum and
the inner rotor addendum with respect to the pataroeln Figure 12 the pairs of hypocycloidal
gears in relation witle are depicted.
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Figure 10. Sliding cunre &; with respect to
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Figure 11. Sliding curvt &, with respect t ¢
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It can be easily seen that whemncreases (alsq,rincreases), the dedendum width of the
outer rotor increases, meanwhile, addendum of tierorotor get smaller. It causes the
enlargement of radial dimension, and the reduaiiahe profile slip coefficient of the pump.

4.3. Influence of the parameters A and c on the profile dip coefficient

Suppose that the generating parameters of thechiglmidal gear-pair andl are taken from
section 4.1, on the other hand, the parametecalcsilated in section 4.2.

Figure 13 shows the sliding curve of the inner rotmldendum and the outer rotor
dedendum, and in Figure 14 presents the slidingecof the outer rotor dedendum and the inner
rotor addendum with respect to the parametén Figure 15, the pairs of hypocycloidal gears in
relation withA andc are generated. Reduction of the parameter c ceald to lower bending
strength of the inner rotobécause of thinner dedendum). However, the area of pump chamber
expands in that case.
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Figure 13. Sliding curveg; with respect ta, c. Figure 14. Sliding curveg, with respect ta, c.
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Figure 15. The gear pairs with respectkand c.

Figures 10, 11, 13 and 14 show that the paramebarscgreater influence on the sliding
coefficient than the parametdrdoes. Therefore, in order to lower the slidingfficient, it is
recommended to increase the addendum radius dhtiee rotorry. On the other hand, from
Figures 12 and 15, we can see that if we can nmisghan appropriate parameter c, it can not
only lead to undercutting of the dedendum of thteiowotor, but also can cause the jamming
effect between the teeth of the inner and outersofFig. 15f), as well as the interference of
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profiles (Figs.15g, h). The smaller value of ¢ caeaken the dedendum, but also leads to
enlargement of the pump chambers.

5. CONCLUSION

From this work, if we choos = 3, A = 1.5) as referred from pages (38 — 40) of [4] when
designing the internal hypocycloidal gear-train lyoworiterium of balanced distribution of
dendendum and adendum of the outer rotor was isdtisThe parameterg, &, were not
seriously affected.

Through notes in section 4, we can see that thenpeter ¢ impacts on the profile slip
coefficient more than the parameledoes. Therefore, to reduce the sliding phenometiwn,
designer should prefer tuning parametgemore than tuning. WhenA increases, the profile
shift coefficient does not clearly decrease, batrddial dimension will increase rapidly.

From the research results, we find that properctele of A andc could impact a lot on
designing process of the internal hypocycloidalrgesin. Therefore, it is necessary to take into
consideration following points: (i) Selection 4f c needs to avoid undercutting and interfering

of the hypocycloidal gears:< 4 <1+271 andg<c< 21[ 3
z+2 z -

presented in [8]. (ii) The set of equations (13wt designers to assess and select parameters

(A, ©) in order to guarantee balanced profile wear dueimgagement. It means that the designers

should selec{, ¢) so thaté; (the inner rotor addendum against the outer rotor dedendum) and

& (the outer rotor dedendum against the inner rotor addendum) will have nearly same value.

3/2
J (A2 -1)(z +1) , this problem was

Acknowledgement. This research is funded by project of MinistryEafucation and Training under grant
number B2016-BKA-21.

REFERENCES

1. Nguyen Hong Thai - Kinematic Calculation and Sintioka of the Cycloidal Planetary
Roller Gearing system applied in the industrial atsband the numerical controlled
devices, 18 National conference on Mechanical Engineering,22qip. 182-192 (in
Vietnamese).

2. Truong Cong Giang, Tran Ngoc Tien, Nguyen Hong Thahe influence of the gear
dedendum radius on the flow of the hydraulic hyptmigal gear pump, " National
conference on Mechanical Engineering, 2015, pp-28(in Vietnamese).

3. Truong Cong Giang, Nguyen Hong Thai - Design andri€ation of the Hypogerotor
pump applied in the vehicle lubrication system, iblzl Conference on Engineering
Mechanics, Da Nang, 2015, pp. 290-295 (in Vietnanes

4. Nguyen Duc Hung - The influence of of geometricargmeters on kinematic in the
gerotor pump, Ph.D . Dissertation, Ha Noi Universif Science and Technology 1996,
(in Vietnamese).

5. Lozical Ivanovic, Danica Josinovic, Andreja llic, Blaza Stojanovi€pecific Sliding of
Trochoidal Gearing at the Gerotor Pumps, FacultyMechanical Enggineering in
Kragujevac, 2011, pp. 250-256.

490



The influence of the design parameters on the profile sliding in an internal cycloid gear pair

6. Lozical Ivanovic, Danica Josinovic - Specific Sliding of Trochdidzearing Profile in
Gerotor Pumps, Faculty of Mechanical Enggineerirdl rights reserved, FME
Transactions4 (3) (2006) 121- 127.

7. Soon Man Kwon, Han Sung Kang, Joong Ho Shin - Rptofile design in a hypogerotor
pump, Journal of Mechanical Science and Techno3gy2009) 3459-3470.

8. Truong Cong Giang, Nguyen Hong Thai - Influencetlod parameters of geometrical
dimensions on the line of action and flow of theodyycloidal gears in the hypogerotor
pump, National Conference on Engineering Mecharixs,Nang, 2015, pp. 280-289
(in Vietnamese).

9. Nguyen Xuan Lac - Avanced Theory of Mechanisms &nhachines, Bach Khoa
Publishing House, 1969, (in Vietnamese).

491



