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A method for optimal calculation
of total transmission ratio of two step helical gearboxes
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Abstract. The article presents a new and effective method for optimal calculation
of the total transmission ratio of two step helical gearboxes for their minimum
cross section dimension. Basing on moment equilibrium condition of mechanic
system including the two gear units and their regular resistance condition, the
author have built the relationship among the ratios of the two steps. In particular,
he have built a formula to find out rapidly and exactly the optimal transmission
ratios of two step helical gearboxes.

Notation

u, - gear unit transmission ratio ( in two steps );

u;; u, - partial transmission ratios (of step 1 and 2 );
a,,, a,, - center distance at cylindrical gears (mm);

by, by, - widths of the cylindrical gear toothings (mm);

Va1 > Wrao - coefficients of cylindrical gear width (of step 1 and 2 );

d,;; d,, - rolling diameters of the driving gears (mm);
T,,;; T}, - torque on the driving shart of gears (Nmm);

wl»

Oy |5 |0 | - permissible contact stresses of cylindrical gears (MPa);

1- Introduction
In 1971 Prf. Dr. Kudreavsev V. N. ... (The USSR) presented a method for
splitting the total transmission ratio of two step helical gearboxes for minimum gearbox
Figure 1
cross section dimension [2]. The transmission ratio u, of hight- speed gear set is found
from the curves of Figure 1. The values of 4 and c for each curve can be calculated

from:
1 = Wiar [Ko, ]
Wia [Ko; ]
deZl
where
c=1+1,3;if c=1 then the gearbox cross section dimension is minimum,;
[Koi ], [Kgo] - coefficients; Kol =1+1.3;

01

_ Weai(uy +1)

W4 =b,,; /d,- coefficients. For helical gear ¥pai = ) [1].
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Figure 1

In practice, this method was applied quite commonly, however it’s not user-
friendly, because the looking up the graph (Fig.1) is complicated. Furthermore, when

b
using this method the obtained coefficient of gear widths (y,, =—) is not usually
a'W

reasonable.
2- Optimal calculation of total transmission ratio of two step helical gearboxes

From maximum condition of contact stress of helical gear [1]:

2T, . K, (u, +1)
O-lele'ZHl'Zgl\/ T <[O-H1]

2 >
le 'dW1l 'ul

we have
2 2
[Tll] _ By G Uy _ [JHl] _ (1)
2u, +1) K, .(ZyiZiiZ,y)
where
[T,,] - permissible torque on the driving shart of step 1(Nmm);
b,,, - widths of the driving gear toothings of step 1(mm);
d-(u, +1
By = Wom By = 22 ““;( 1) ; 2)
d,,, - rolling diameters of the driving gears of step 1 (mm); d,,, = d,,,/u, ;
Substituting equation (2) into equation (1) we get
0,25.p,.,.d2, |K
[Tll] _ ¥ a1 . w21 [ 01] 3)
ul
Where
low, ]
[K01] = = “4)

(ZMl'ZHl'Zsl)Z'KHl
By analogy calculation we have



_ 0,25.p,, 'dv3\122 -[Koz ]

T
[T..] % (5)

Tﬁ _ [le] _
where T, = _[Tll] =Uu,.7 (6)

In formula (6)
[T,,] - permissible torque on the driving shart of step 2(Nmm);

17 = Nyt -1, - efficiency of the gearset;
Mort = 0.95+0.97 [1] - efficiency of cylindrical gear;
17, =0.99 +0.995 [1] - efficiency of a rolling bearing;

Choosing 77, =0.97; 1, =0.992 and substituting equations (3), (5) into
equation (6) we get

3
K d u’
[ 02]. ¥ ba2 ( wzzj _; ~0,96.u, @)
[Km] Viar \dyo ) U3
- k . .
Substituting ¢, = Ly , Cpy = Yz ¢ =22 e obtain
(ko] L™ w2l
0,96 )
u, =—--.1u;
C,-Cp,Cy
The gear unit transmission is
U, =Uu,. U,
hence
0,96 2
uy.u, =u,
C,-Cp,-Cy

/C C,,C
and u, =3 Wuh (8)

In practice, ¢, = 1 + 1.3 ; if c,=1 then the gearbox cross section dimension is
minimum|2].
When c¢,=1; c,=1 we have

— l//baZ
U, = 3\/ 0.96 uy 9)
0.1,
Formula (9) can be used to calculate the transmission ratio u, of low - speed gear

set u,. From this u,, we can determine the transmission ratio u, of hight- speed gear set (
u =u,/u,).
In practice, ¢, = Vour _ 1,2+1,3 [1]; Choosing cy,=1,3 we get
bal

u, = L13/u, (10)
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MOT CACH PHAN PHOI TOI UU Ti SO TRUYEN
CHO HOP GIAM TOC BANH RANG TRU HAI CAP KHAI TRIEN

Tom tat. Bai bdo trinh bdy moét phuong phdp tinh todn t6i wu ti s6 truyén cua hop
gidm toc bdnh rdng tru hai cdp khai trién nham dat kich thudc tiét dién ngang ciia
hop nhd nhdt. Trén co sd diéu kién cdn bang mé men cua co hé gom hai cdp banh
rang va diéu kién siic bén déu cia chiing, tdc gid dd dva ra moi quan hé gifta cdc t
$O truyén cua hai cdp. Ddc biét, tdc gid da dua ra duoc cong thitc cho phép xdc dinh
nhanh va chinh xdc 1l s6 truyén cdc cdp ciia hop giam téc banh rdng tru hai cdp khai
trién.



