
60  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я  

 621.83.062.1: 622.625.28

. . , -  . , ., 

. .  
 

    „  
 “, . , ,  

e-mail: taran_70@mail.ru 
 

    
     

   

I.A. Taran, Dr. Sci. (Tech.), Associate Professor, 
I.Yu. Klimenko 
 

State Higher Educational Institution “National Mining Univer-
sity”, Dnipropetrovsk, Ukraine, e-mail: taran_70@mail.ru 

TRANSFER RATIO OF DOUBLE-SPLIT TRANSMISSIONS  
IN CASE OF PLANETARY GEAR INPUT 

.    -   ( ) 
         -

-    (  )      ( )  
    .      -

               
  ( )  . 
.           

,    . 
.        -

 -          -
            -

. ,          ,    -
  ,       .   

        Fendt-Vario,     
   100  287 .  ,       

           -
,     ,      
          .  

 .   ,   ,   -
      ,        -

         .      -
     -    –   

            ,  
       ,    . 

 .        
        ,  -

            
        ,   

   .       -
      ,     

            -
 .  
 : ,  , ,  ,   

 
. 4  -  -

      -
 .    -

    -
-   ( ), -

    -  -

                                           
©  . .,  . ., 2013 

,   . 
    -

    (  80% 
  ).  -

      -
,     -

   .  



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6 61

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 
 

  
 (

 
 

, 
. 

 
  

 

 
 ,  

   

 
 

 

 

 
 

 
 „
 

 
 

 

  
 

 

 
 

 

 

 

 
 

 

 
  

 

 . 

 
  

 
   
),   

 
 

  
,  
  

 ,
. 

 
 

 
  

,  
 , 

  
 

  
 

  
 

  
- 

 
 

  
  

-
  

 
 

  
 „

 
   „

  
 

“. 
 
. . . 

  
, 

,  
 

-
. 
  
, 

  
 V 

 
  

 
  

  
 

  
 

 – 
 

   

  
 

,  

. 
 

 

   
  

  

 
, 

  
 

 
 

 

“ (  „
 

 
 

  
-

 
  20

„  
“.  

„ “  
“ 

  

   
, 

  
 

 
 , 

  
 

 
 
 

 
 [2] 

 
  

 , 

. 

 
  

  

  

 
  

 
  (

 
  

. 
 

. .  
  

.  
  

  
 

“ 
 „

“),  
  

 
 

  
 

 
 

010  

  
 „
 „

 
 

  

 
 

  
  [

   
 e , 

-
 
.  

 
 

 
 

-
 -

-
 
 

-
 

, , 
-

 
-
-
) 
 

-
-
 
 

-
-

. 
-

  
-
 

-
-
 

,  
-
. 
 
 

-
 

-
 
 
 

 
-
-
 

; 
-
 
 

[1]  
, 
-
 

-

  
-

 

 

 
 

 

 , 

 
  
  

,  
 

  
 .  

 
 

 
  

 
 

   
.  

 
  

 
 . 1. 

. 1. 

  

 . 1 
 

: N1, 1  
1  2

, 
 ; N

   
  

 
 

 
 

.  
 , 

 
 

 
   

.  
 1 

 
 

 i2, i3
 

 
   

 
 

  
  

  
 
 

  
 

 .  
 – 

 
   

 

 

 

 
   
 

 
 

N2, 2 – 
2; , N , 

  
N1, N2 – 

; p0, p
; 

 
 

 
,  

 
 „1“ 
 ( 1), 

 ( 2)
 

,  
 

 i1, 
2 – 

– 
 (i3=0).  

  
  
 

  

 
  

 
 

  

 
 

 
 

 
  

 
 

 , , 
   

  
  , N , 

  
 

; Q1, Q
p1 – 
 –  

 
  
  

 
 , 

 
 „2“ –

).  
 

 
  

  
 

 -
  

 -
 -

 
-

  -
 -

   
 -

 -
 -

 -
 

. -
 

 -

 -
 -

 
 -

  -
 – 

   -
-

Q2 – -
  

. 

 -
  

  -
–  -

 -
 -
 -

  -

 -
 -

 
-
 

-
-
 

-
-
-
 

-

-
-
-
 

-
 

-

 

 
-
-
 

-
-
-
 
 
 
 
 

-
 

-
-
-
-
-
-
 

-
-



62  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я  

  Nk  N      , 
      

     ( . 1),   
 

k k k k kx
k k k kx x

x

k
x k kx k x k kx k x kx

k

N M ii' i' i' i i
N M i

i'i i i

      

  i i i i ;  
i

  
(1)

 

 
1 xk k x k

k k x k kx k

xk k x k
k xk k x k xk x

k

N i i i i
N i i i i'

i i i i'  i i i i ,
i

 
(2) 

 
 x kxi   xk xi –    

 . 
     

      
,    [4]     (1) 

 (2),   
 

k x xk

x xk k xk x

N
N i

;   (3) 

xk x k xk x

xk k xk x x

N i
N i

.  (4) 

 
,   (3)  (4),  

 
N  / Nk= – k xk xi . 

 
,     -

         -
  ,    -

         
 3 1i ,  

 
x       1k xk .  (5) 

 
  (3)  (4)   

 

                  

1
1

k

xk x

N
N i

;                  (6) 

1
xk x

xk x

N i
N i

.   (7) 

 
    
     .    

 ,  ,   -
   3 ;  , 

 ,    1i  
 1, 2   2i    

   : 1 2x e i i .   -
   1 k , 2 , 

3 const . ,   
 

1 2

x

e i i
.   (8) 

 
       -

   
 

k x

x

k  

           1 2

(1 ) .kk k k
e i i

 
(9) 

 
     

    
0

k
k

x

i k .  

      
     

 
1 2

1 2 1 2

11
1

x
x

k i i eki
i i e i i e k

. (10) 

 
     

  I : 
 
-  0k  ( 0ki ),     0x 0e ; 
-  0k  ( 0ki ),      0x 0e . 
 

    x  -
    :  

-  0k , 1e , 1 2

1 2

1 1
0

1x

k i i
i i k

; 

-  0 1k k , 1e ;  

1 2

1 2

1 1
0

1x

k i i
i i k

. 

,    x   

0xd
dV

.   (10)  

 

2
1 2

1
0,x k kd de

dV dVi i e k
         (11) 

 

   (-1)  0de
dV

  

   0k , 0ki k ,   

 (+1)  0de
dV

 – 0k , 0ki k .  



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6 63

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 
 1xki , i
 

( )
               

xk xsign i

 
  

 0;1e
 

 ( sign e

 
 

 
 

  
, 

  

 

, 
 50 

 
  

  

  
 

 
. 2. 

Red , R
; D

Whl  –
Brk  – 

 
 

,   
 

, 
 
 

 
ki k , 1xi i

) (
 1 1

xk ksign i i

,  
  

 
1 , 

   

) 0de
dV

. 

 
 

   
 

 
 

 
. 

  
 

   

.  
 

 
  

 
.  

 
 

Red , RedD 
Dif   Dif  –
–  

 ( ) 

 
 
  

 

 
  

 
1 2i e  

) (1
1 0.

i sign

 

 
 

 

 
 

 
 

 
 

   
 . 2. 

 
 
  
 

 . 
   

  

 
: Eng  – 
 Red  – 

– 
;  Frc  

  
 

 
 

 
– 

, 

  

1 2 )k i i e

  
 

  
 

. 

 
   

 
 

 (
  

 
  

 
 

 
  

 (
 

   
; R

; Ahs
 ; Wh

–  

 
 

 
 . 

 
 
  

-

 (12) 

 
 

  
, 

  
, 

-
  
,  
  

 
)  

-

 
 

 -
 

-
 

-
) 
-

 

-
Red , 
hs  – 
hl   
( ); 

 
 
 

 -
-

  
-

 
 

(

 

 

 
2-

sign

  

 
 

. 2).  
 (
 

  
  

 
 

  
.   

 

  
 

(1

(1

1k   2k  – 
 

 

  

x

d
dV

 
  

 

 

 1 2

            

ksign i

sign i e

sign

sig

, 
 
,  

( ) 0den e
dV

  
 . 

 
  

 
 

) 
, 
 

  
 

   

6 k ; 5

1Ai i i

 
 

1) kk

2 ) x kk

 
 .  

x
ki

 (13)

1Ax i e

1

x Aid
V k

 

1min

1max 1min

1

1

1

ksign i sign

e sign k

V V
V V

gn k si

  
,  

[1; 0]e , 

,  

 
 

 
  

 
  

3  4  
  

 

; 7

2i ; k Ai

  

1 xk ;  

2 8k ,  

 

  

1
0

1
x

k . 

)-(15), 

1 1 2

1

Ak i i i
k

; 

de
dV

.  

 

1 1 2

1 2

1
2

.

kn i sign i

k sign i i

dsign
d

ign i i

  
  

ki  

  

  
 

 
  

  -
 -

. -
 -

; 

A e . (13)

 (14)

 (15)

 1-  

 (16)

 (17)

 (18)

 -

2

de
dV

 (19)

 -
  -

 

 

 
 
 
 
 

-
-
 

-
-

) 
 
 

) 
 

) 
 
 

) 

 

) 

) 

 
-

)  

 
-
-
 



64  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

sig

 

 [0;e

 

sig

 
[1; 0]e , 

, 
. 
 

 – 
  

  
  

 

( )design e
dV

(  
 . 

 50 
 

 f =
 

. 3
 

1 (kgn i

  

1] , ki  

1 (kgn i

, 
 

  
  

 
 
 

 
  

0   

 
3 

  
  

.  

= 0,23.  

3.  

1) ( 1) ( 1) (

 

  s

1) ( 1) ( 1)

  
  

  

,  
.  [0e

 
  

 
 

 

 ). 
 

  
 

 
 

 

1) 1.           

 

( )design e
dV

( 1) 1 .      

, 
 

 
 

 
0; 1]  

 
. 

 
 

  

 
 

 – 
 

 
-

 

 (20) 
 
, 

0  

 (21) 
 

 
 
 
 

-
 -

 
 

.  
 

  

 
 
 
 
 
 

 

3  

 

 

 =
N =

 =

 
 

1

20–

 
   

 f = 0,
 

 
 

: 
 

 (3); 
, 

 
 

. 3 , 
= 0,14 (1) 
= 16,8  (2

, 
 

 . 
  
 1 (1) 

, 
) 

  
 

  
1), 
 

–22  (3). 
  

 (4)  

  

,09. 
 

   
 

 
 N (2), 

  (4)
  

 
 

  
  

2)  
  

 
 

  
 

 
  

. 

 (  
. 

 
 

  
 

-

 
 

  89
 

  (1
 

);  

 
 

  
 

   
   

 
  

 V1max
  

 1 (
  16  

 
  , 

  
  

 (3) 
. 
  

 

 -90
-

 3.  .
 

); 
 

 (5)  -
 1 (6).

 . 
 

 
22  (3).

 
 -
 = 1,8 /  
 87  (2).

 86  (6)
 -

 ,
 

 -
 

 
 
 0,7. 

 

 

0 
-
. 
 
 
 

-
. 
 
  
  
  

. 
 
 

-
 
. 
 

) 
-
, 
 

-
  
 
 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6 65

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

  -    
  (+1).     

(3)  10–14    -
 –      -

          
.      

    6 – -
,   1,    -

 ,     -
  1,    -
       -

  .    1 
(6)     ,    (5) 

     V = 5,55 / .  
     5,55  6,1 /   
      ,  

    ,   
      . 

 V > 6,1 /    (5)   
 0     1 (6) -

    1,  -
        

     -
.      -

     (4)   
,     

0,86–0,87    5,5  6,5 / .  -
    9,5 /   

      
145,7  (2). ,     

      -
,       

    . 
.     

     
 ,    

  „  –  
  –  “ -

      -
     -

,    
     -

,    , -
 -    

  . 
   :   

        
    ixd 
    

    , -
       -

        
.  

   , -
      -

       -
  .   

      -
,      

     -  

    -
    -90,  

    -
       

         
     . 

 
  / References 

1.  . .    
      -

     -
-   / . . ,  

. . , . .  //  
  . – 2001. – . 4.  

. 76–83. 
Samorodov, V.B., Volontsevich, D.O., Rogov, A.V. 

(2001), “The specified method of determination losses in 
the planetary mechanisms of transmissions and results of 
research streams of powers in double-split hydrostatic 
mechanical transmissions”, Integrirovannye tekhnologii i 
energosberezheniye, no. 4, NTU “KHPI”, Kharkov, 
pp. 76–83. 
2.  . .     

  -  
 / . .  //   . – 

2012. –  2. – . 69–75. 
r n, I.A. (2012), “Laws of power transmission on 

branches of double-split hydrostatic mechanical trans-
missions”, Naukovyi Visnyk Natsionalnoho Hirnychoho 
Universytetu, no. 2, pp. 69–75. 
 

.   -
 -   ( )  

    -
    -

' -    (  )  
    

( )      . 
     
     

         
   ( )  

. 
.    

       
,     . 

.  '   
    -

  -     
     

      -
     -

 . ,   '   -
     ,    

  ,    
   .  -

        -
 Fendt-Vario,     

   100  287 . -
 ,   -   



66  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я  

       
    , -

    , -
       -
        -
. 

 .   -
,    , -

    '     
,       -
        

  .    -
      -

 ' -    – 
     

      -
   ,      

 -   ,  
 . 

 .    
     -

      
 ,     -
      

      -
      -
,       -

.       
     -

 ,   -  -
      

      -
 . 

 : ,  -
, ,  ,   
 
Purpose. To formalize regulation characteristic of 

hydrostatic mechanical transmissions and establish inter-
relation of circular transfer ratio of closed circuit for 
double-split hydrostatic mechanical transmissions with 
the characteristic of hydrostatic transmission in case of 
planetary gear output. It is necessary for establishing the 
behavior principles of circular and non-circular operating 
modes in all hydrostatic mechanical transmission operat-
ing modes in case of planetary gear output. 

Methodology. Theoretical studies of transmissions 
are based on the key issues of theory of machines and 
mechanisms and on the theory of closed double-split 
transmissions.   

Findings. The research resulted the interrelation of 
circular transfer ratio of double-split transmissions with 
regulation characteristic in case of planetary gear output. 
It is necessary for justifying the structural and kinematic 
schemes of a diesel locomotive transmission. Owing to 
the lack of power circulation in the transmission, wherein 
planetary mechanism is situated on the entry, such con-
tinuously variable transmissions under the research are 
more advanced.  

Originality. We have carried out the analysis of dis-
tributing powers circulating in double-split steplessly 
variable with loss in hydrostatic transmissions and their 
efficiency, determined relationships in distributing 
power on brunches of double-split hydrostatic me- 
chanical transmissions in the process of their perfor-
mance as transport means, and strictly demonstrated the 
lemma concerning availability or absence of circulating 
power within double-split hydrostatic mechanical 
transmissions. That is the basis of scientific substantia-
tion of the methodology of steplessly variable double-
split hydrostatic mechanical transmissions under any 
working mode both for traction and transport velocity 
ranges of any transport means including mine diesel lo-
comotives. 

Practical value. Using laws of formation and transfer 
of power paths within transmission components enables 
us to substantiate the type of transmission required for 
necessary moving force and stepless cruise control of 
diesel locomotives within the given range when diesel 
engine has constant frequency of crankshaft rotation for 
minimum discharges and fuel consumption. Distribution 
of paths limits greatly both structure and kinematic 
scheme of double-split stepless transmission. For any 
nonreversible variator it should give only parallel power 
paths from the engine up to driving wheels of traction 
and transport machine. 

Keywords: diesel locomotive, double-split transmis-
sion, analysis, power path, circulating modes 
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