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ABSTRACT

University of Technology — TNU

This article presents a new study on optimum calculation of the partial ratios of coupled planetary
gear sets for getting minimum radial size of the gear sets. In this article, based on moment
equilibrium condition of a mechanic system including two-row planetary gear sets and their
regular resistance conditions, an efficient model for calculating the partial ratios of coupled
planetary gear sets was proposed. In addition, by giving this explicit model, the partial ratios can

be calculated accurately and simply.
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INTRODUCTION

In gearbox design as well as in planetary
gearbox design, one of the most important
problems is optimum determination of partial
transmission ratios of a gearbox. This is
because the partial ratios are main factors
which affect the size, the dimension, the
mass, and the cost of the gearbox. Therefore,
optimum calculation of the partial ratios of
gearboxes has been subjected to many
studies.
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Figure. 1. Schema of a couled planetary gear set

Until now, many researches have been done
on the calculation of the partial ratios of
gearboxes. This type of tasks has been solved
with different gearboxes such as helical
gearboxes (in [1], [2], [3], [4] and [5]), bevel
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and bevel — helical gearboxes (in [1], [3], [5]
and [6]) and worm and worm-helical
gearboxes (in [5], [7] and [8]).
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Figure. 2. Graph for finding partial ratios

Also, the optimum partial ratios of gearboxes
can be found by different ways: By graph
method (in [1], [3], [8]), by “practical
method” (the ratios were given based on
analyzing practical data (in [5])) and by
models (based theoritical (in [2] and [6]) or
regression models (in [4] and [6]).

From above analysis, it is clear that, there are
many studies have been conducted for
calculating the optimum partial ratios of
gearboxes. However, there was only a study
[1] on this problem for planetary gearboxes.
In the study, the partial ratios of planetary of
three schemas of planetary gearboxes were
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predicted by graphs. For example, for coupled
planetary gear sets in the Figure 1, the partion
ratio of the low-speed row gear unit p. (p. =
d3./d1,) can be predicted by the graph in the
Figure 2. After that, the partion ratio of the
high-speed row gear unit pn (pn=d3uL/dn)
can be calculated based on the values of up
and p. (dwl., dwly, dw3. and dw3y are pitch
diameters (mm)).

This article introduces a new study on
optimum calculation of partial transmission
ratios of coupled planetary gear sets for getting
the minimum radial size of the gear sets.

OPTIMUM DETERMINATION OF
PARTIAL TRANSMISSION RATIOS OF
COUPLED PLANETARY GEARBOXES

For the low-speed row of the coupled
planetary gearbox (see Figure 1), the design
equation for the pitting resistance can be
given by the following equation [8]:

2T, KHL «/u +1 [ o (1)

by 1Lq
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Where, Zu, Zu and Zg are coefficients
which consider the effects of the gear
material, contact surface shape, and contact
ratio of the first gear unit; Ty is the torque of
the driving shaft (Nm), [on] is allowable
contact stresses of the low-speed row of the
planetary gearbox.

From (1) the allowable torque (Nm) of the

driving shaft of the low-speed unit can be
found:

[T ]: b, dw1L Q. -u_- [O-HL]Z
. 2'(u|_ +1) KHL (ZML HL ZcL)z
From gear theory, we have:
Bt =Vha -8 3)
a, :W 4)

Where, bw. and aw. are the face with (m) and
the center distance (m) of the low-speed unit.

Substituting (3) and (4) into (2) we get:

(2)
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In which:

[KOL]:

[O'HL ]2
I‘<HL (ZML 'ZHL 'ZSL)

Put u, = % :(pL—Z_l) into (5) we get:

1L

d3 g (o -1)
[TlL]:‘//baL wiL qLS(pL 1) [KOL] (6)

Calculating in the same way, the allowable
torque of the driving shaft of the high-speed
row of the planetary gearbox was found:

[TlH ] _ ¥ ban 'dle Oy 8( Py _1)'[K0H] (7)

From (6) and (7), the rate of [T, ]/[T, ]is

[TlH]:‘//baH [ ] Oy _[dlejs.(pH _lj (8)

[TlL] WhaL [ OL] a. wlL p. -1
Substitutingd,, =d,, /p, and d,, =d,,, / p,
into (8), the equation becomes:

[TlL] Vhat [KOL] 0 \dya Py p-1 (9)

From above equation we have:

o] 0 80 ( 2] (21
M o a \pa) Lp
In the above equations,c, =[K,,]/[Ky ],

C=0yan /Qusr s C = VWia /Wit 3 Qg @A dgp
are pitch diameters of ring gears of high and
low-speed units.

With the coupled planetary gearbox in Figure
1 we have [1]:

[TlH ] = _TSL :

1
Py (P, +1)+1
_ _ T Py
Sl o e @
From (11) and (12) we get:

[TlH ]/[TlL] = pi (13)

(11)
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Also, uh can be calculated by the following
equation [1]:

U, =Us=1+p, (p +1) (14)
From (14) the the ratio p, can be given as:

u, -1
= 15
Py o 71 (15)

Substituting (13) and (15) into (10) we have:
C e Q4 pﬁ(pL +)(u,—p -2) -1 (16)
C, q. (uh _1)2(p|_ _1)
In practice, c=1...1.2 [1]. In order to get the

minimum radial size of the gearbox c=1 [1].
In addition, we can choose c, ~land

C, =Wuu | Wpn =1...1.3 [8]. Also, the number
of planetary gears of each unit is generally
chosen as 3(q, =q, =3). Therefore, equation
(16) can be rewritten as follows:
PP+ DU~ P —=2) _, (17)
¢, (U, —2)*(p_ 1)
To find the value of p, which depends on the
total ratio of the gearbox u, and the
coefficient ¢, a computer program was built.

The data used in the program as follows:
u, =15...60 andc, =y, /v, =1..13. From

the results of the program, the following
regression model (with the coefficient of

determination was R? =0.91) was found for
the optimal values of p, :

0.5141
pL = 04967 ’ (l//bal_ /l//baH ) ' ur?'4562 (18)

Equation (18) is used to determine the partial
ratio of the low-speed row gear unit of the
gearbox p, . After finding p,_, the partion ratio

of the high-speed row gear unit p,
(py =d,s, /d,, ) can be determined based on
the values of u, and p. by equation (18) .
CONCLUSIONS

The minimum radial size of the coupled
planetary gearbox can be obtained based on
theoretical analysis and regression method.

Model for calculation of the optimum partial
ratios of doubled planetary gear sets for
getting the minimum radial size of the
gearboxes have been proposed.

The partial ratios of the gearboxes can be
determined accurately and simply by explicit
models.

Acknowledgment

The work described in this paper was
supported by Thai Nguyen University for a
scientific project.

REFERENCES

1. V.N. Kudreavtev; I.A. Gierzaves; E.G.
Glukharev, Design and calculus of gearboxes (in
Russian), Mashinostroenie Publishing, Sankt
Petersburg, 1971.

2. A.N. Petrovski, B.A. Sapiro, N.K. Saphonova,
About optimal problem for multi-step gearboxes
(in  Russian),Vestnik  Mashinostroenie,  No.
10,1987, pp. 13-14.

3. G. Niemann; H. Winter, ‘“Maschinen-
elemente”, Band II, Springer-Verlag ,1989.

4. Romhild 1. , Linke H., Gezielte Auslegung
Von Zahnradgetrieben mit minimaler Masse auf
der Basis neuer Berechnungsverfahren,
Konstruktion 44, 1992, pp. 229- 236.

5. G. Milou; G. Dobre; F. Visa; H. Vitila,
Optimal Design of Two Step Gear Units,
regarding the Main Parameters, VDI Berichte No.
1230,1996, pp. 227-244.

6. Vu Ngoc Pi, “A new and effective method for
optimal calculation of total transmission ratio of
two step bevel - helical gearboxes”, International
colloquium in  mechanics of solids, fluids,
structures and interactions, Nha Trang, Vietnam ,
2000,pp. 716- 719

7. C.A. Trernapski; G.A. Trekharev, “Design of
Mechanical  Transmissions”  (in  Russian),
Mashinostroenie Publish, Moskova, 1984.

8. Trinh Chat, “Some problems of kinematics
calculation of transmission mechanics system” (in
Vietnamese), Proceedings of the National
Conference on Engineering Mechanics, Vol. 2,
Hanoi, 1993, pp. 7-12.

49



Cam ThiHong Nguyen etal  Journal of SCIENCE and TECHNOLOGY 127(13): 47 - 50

TOM TAT ) L ] o ‘
NGHIEN CUU MOI VE TOI UU HOA TY SO TRUYEN
CAC B() TRUYEN TRONG H()P HANH TINH

Nguyén Thi Hong Cam, Nguyén Vin Trang, Vii Ngoc Pi*
Truong Pai hoc Ky thugt Céng nghiép — PH Thai Nguyén

Bai bao nay giéi thiéu mot nghién ciru mai vé phan phdi toi wu ti sé truyén cia cac cap béanh ring
trong truyén dong banh rang hanh tinh 2 cap. Trong bai béo nay, dua trén diéu kién can bang mo
men cua co hé gom 2 cip banh rang hanh tinh va diéu kién sirc bén déu cua céc cap, cac tac gia da
dé xuét cac cong thic tinh toan ti s6 truyén tdi wu cho ting cip ciia hé. Bang viéc dua ra cac cong
thirc dudi dang ham hién, ti sb truyén téi vu cua cac cap cé thé xac dinh mot cach nhanh chéng va
don gian.

Tir khoa: Ti 16 truyeén, thiét ké hop toc do, thiét ké tor wu, hop hanh tinh.
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