
40 ISSN 1607-7970. . . 2011. 
3

 621.313.322

-200 

, ,
,

. , 56, -57, 03680, .

-200 
. , 

.  . 10, . 5.

: , , , 

, -
 ( ), .  80 % -

, 
 « ». ,  30 

-200, 4 -200 , 11 -200  200 . 
 25 30 .  26 

-200  (  35 50 ), 8  20 29
. , , .

, .
-300 -200, -

 « », , -
 30 40 -

. -
,  300  ( )  225

, . 0,75 .
-

, 
, 

, .  [4] , -
-

.

 200 -
 [1], -

 [10], -
-200 -

 [7, 8].
-

 200 

 © ., 2011



ISSN 1607-7970. . . 2011.  3
41

.
, , 

, , -
. -

-
, -

 [3].
 9- ,

. , 
, , 

. , 
-

 3 2  15–18 º . 
 50 º  [9].

-
. 

, . -
, -

, -
, .

-

. , , 
, -

. , 
.

, -
-

 ( ). 
,  ( , , ), -

 – .
, -

 [6]

Tk B D B dV
V

, 0{ } [ ] [ ] [ ]{ } [ ] { },
x

T T T
y

V V S
z

X p
f N Y dV B D dV N p dS P

Z p
(1,2)

[k] ; V ; [B] , -
; [D] , ; { 0} 

, ; [N] -
; X,  Y,  Z ; S ; px, py, pz ; {P}  

.

. -
 ( ) i, j, m , -

; t, E, -
,  

T.
, ,



42 ISSN 1607-7970. . . 2011. 
3

1
10 0

T .

(3)
,  (

),

0 2 1

bi
ci
bEt T jf B D tS c j
bm
cm

.

(4)
t , S , bi, bj, bm, ci, cj, cm, , 

.

. 
.

U
2 1
2
2 1
2
2 1
2

U i
U i
U jk fU j
U m
U m

,

(5)
U  «2» ( . ) 

y,  «2-1» x  [6]. -
. -

2 1
2
2 1
2
2 1
2

U i
U i
Ux jBy U j

xy U m
U m

. (6)

, , , -
, -

. ,  { }T=[ x, y, xy] 

0DD ,
(7)

:
0DUBD .

(8)

BM .
 ( -

)  ( ) 
 48 º , -



ISSN 1607-7970. . . 2011.  3
43

-200  [7, 8],  [2]. 
 ( , -

,
) 

. -

, , ) -200.
-

,  [3, 5]: 1  – -
: . =1,35 10-5 1/º ; .E =1,85 104 ; . =0,39; 2  – : Cu =1,70 10-5 1/º

, CuE =1,10 105 ; Cu =0,33; 3  –  : Fe =1,10 10-5 1/º ; FeE =1,25 105

; Fe =0,30. , -200 
 20 . 

 50  ( -
, , )  (

).
-

)()( 0 iFeiFeFeii tTltu ,
(9)

l0Fe=2,5  – -200.
 (9) 

ti x, y ( 1 2 . 1) -
 I -

.

-200

. 2 ( : 1 – T .(t)  
; 2 – T (t) -

; 3 – T .(t)= T (t) 
-

; 4 – TFe(t)).

.

 (0,715÷0,765) 
 (1÷0,66) 

. 

. 1.
. 3 -

-200 
 ( : 1, 2 – 

x y ; 3,
4 – x y ).

0

0.2

0.4

0.6

u, 

0 10 20 30 40 50 t, 

1

2

. 1

. 2

0
10
20
30
40
50

T, C

0 10 20 30 40 50 t, 

3 2

1

4



44 ISSN 1607-7970. . . 2011. 
3

, 
 – .  0,5 -

,  4 . -
. -

 [9].
-
-

, -
 20 %  30 % ( . 

 0,8  0,66 ). -
-

. -
-200 -

,  0,8 , . 4,  0,66  –
. 5 ( . 4, 5 . 3).

, 
) -200 ,  0,8 , -

T T +T  64+48=112 ºC. 
 105 º ).  0,66 -

T T +T 77+48=125
ºC.

-
-

, . -

 25 . , -
-

,  « -
» ( ), 

. , -
, 

 [4].

-

«Tokimec»,  (
 1 %). 

-
-
-

 NEC TH-9100, -
 (

)  0,03 . -

, -
-

 ( -
-

).
. 1. -

x y

-120
-100
-80
-60
-40
-20

0
0 10 20 30 40 50 t, 

1

3

2
4

. 5

-100

-80

-60
-40

-20
0

0 10 20 30 40 50 t, 

4
2

3

1

.
4

, 
-80

-60

-40

-20

0
0 10 20 30 40 50 t, 

4
2

3

1

. 3



ISSN 1607-7970. . . 2011.  3
45

(40÷80  [5]) y . 
, 

, .
2.  0,8  0,66 

y
, -

.
3. -

-
-

.

1. ., ., . -
 // .  1986.  4. . 42 44.

Avruch V.Yu., Pikulskii V.A., Chistikov A.A. Study the possibilities for reducing thermomechanical loads
stators turbogenerators // Elektricheskie stantsii.  1986.  4.  P. 42 44. (Rus.)

2. ., ., . -
. : , 1974.  560 .

Borisenko A.I., Danko V.G., Yakovlev A.I. Aerodynamics and heat transfer in electric machines.  Moskva:
Energiia, 1974. – 560 p. (Rus.)

3. ., . . : ,
1986.  184 .

Glebov I.A., Danilevich Ya.B. Scientific principles of design of turbogenerators.  Leningrad: Nauka, 1986.
 184 p. (Rus.)

4. ., ., ., .
 // .  2007.  6.  C. 48 49.

Zavidei V.I., Krupenin N.V., Golubev A.V., Golovicher V.A. New aspects of the technology of thermal
diagnostics of rotating electrical machines // Energetic.  2007.  6.  P. 48 49. (Rus.)

5. . : . 
: , 1981.  256 .

Kulakovskii V.B. Operation of isolation in generators: Emergence and methods for detecting defects. 
Moskva: Energoizdat, 1981.  256 p. (Rus.)

6. . . – : , 1979.  392 .
Segerlind L. Application of the method of finite elements. – Moskva: Mir, 1979. – 392 p. (Rus.)

7. ., ., . - 
. : , 1985.  208 .

Schastlivyi G.G., Fedorenko G.M., Vygovskii V.I. Turbo- and hydrogenerators at variable generation sched-
ules. – Kiev: Naukova dumka, 1985. – 208 p. (Rus.)

8. ., ., . .
-200  //

.  1981.  5. . 34  38.
Fedorenko G.M., But A.A., Kramarskii V.A. i drugie. Experimental researches of heat of a turbogenerator

-200 with an intensified cooling system of an end zone of the heart of a stator // Elektricheskie stantsii.  1981. 
 5.  P. 34 38. (Rus.)

9.  / -
, . – : , 1972. – 352 .

Exploitation of turbogenerators with direct cooling / Pod obshchei redaktsiei L.S.Lindorfa, L.G.Mami-
koniantsa.  Moskva: Energiia, 1972. – 352 p. (Rus.)

10. Przybysz J. Turbogeneratory. Eksploatacja i diagnostyka.  Warszawa: Wydawnictwa Naukowo-
Techniczne, 1991.  184 .

 621.313.322
, ,



46 ISSN 1607-7970. . . 2011. 
3

, . , 56, -57, 03680, .
-200 

-
-200 . , 

. .
10, . 5.

: , , , .

K.A.Kuchinskii,
Institute of Electrodynamics National Academy of Science of Ukraine, Peremogy, 56, Kyiv-57, 03680, Ukraine.
Thermal and thermomechanical characteristics of stator elements dynamically of turbogenerator -200 under various
conditions of ventilation rods winding
Temperature and thermomechanical loadings in elements stator are numerically investigated during start-up of turbogenerator

-200 at various charges of cooling gas through ventilating tubes of cores of a winding. It is shown, at what value of charges
the maximal temperatures of isolation of a winding and thermomechanical stress in its elements are close or exceed maximum
permissible values for a corresponding class of thermal stability and breaking point of a material. References 10, figures 5.
Key words: start, turbogenerator, cooling winding, thermomechanical stress.
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