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Analysis of Inherent Steady State Stability of Synchronous
Machines by the Eigen Values Method (Part 1)

—Damper-less Salient-pole-type Synchronous Machines—

by Junji TAMURA and Ikuo TAKEDA

This paper presents an analysis of the inherent steady state stability of damper-
less salient-pole-type synchronous machines. Although some methods have been used
for this problem, this paper uses eigen values method because it gives the most exact
solutions for the problem and both step-out and hunting instabilities can be evaluated
by using the method.

The effects of various parameters on the steady state stable region of synchronous
mrchines are discussed in this paper. At first, the characteristics of the eigen values
of synchronous machines are considered after deriving the linearized version of basic
differential equations, and it is shown that the steady state stability of synchronous
machines is generally determined by the three dominant eigen values. Next, calcula-
tions of the steady state stable regions for the various circuit conditions of a syn-
cronous generator system are carried out, and the effects of circuit parameters on the
stable region, especially on the hunting region, are discussed.
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~/ Ri ra 0.01 pu
A I 0.1 pu
=) a L 1.0 pu
% i Lq ‘ 0.7 pu
ur v Ly \ 0.3 pu
Ly ‘ 1.16 pu
rf ‘ 0.0007 pu
2 iy 1.5 sec
1 @ik (rr=0.1pu, I7=03pu, Tho 5.0 sec
H=5 sec) ® 100 = rad/s
Fig. 1. Steady state stable region (rr= J 5 sec (#1)
0.1 pu, /7=0.3 pu, H=5sec). rr 0.1 pu
Ir 0.3 pu
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Table 2. Eigen values at each operating points in figure 1 (sec-1)
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1 | o5 | —9 | 0190, —0306+,418 | 4614314
2 | es | “so | —0.0933, —0.165 460 ( — 46147314
3" o oY 0 | 0002784436, —0.430 — 4614314
4 o 5| R afiannes |10 2a0m, —0.450, —3.99 ' —46.1+7314
& 10 | —90 | 0249,  —0.334+;380 —461+;314
6 10 | ~30 | —00414+;5236, —0.336 ; —46.1+/314
N 0 | 000740+;555, —0433 | —461+;314
g Ll #Pals | 30 | —0.0388+576, —0.340 —46.1-+314
9 10 | 90 | 00906,  —0254+;5.15 —46.1+ /314
10 3g | 170 381, — 0525, —3n™|  —461+7914
1m oL 15 0 0.0128+ 6,53, —0435 |  —461+;314
DR SN 60 | —0.114+;647, 0180 |  —46.1+;314
13 15 90 0.0710,  —0.240+5.44 by o B 414

(#) 1/T4(sys)=46.1 sec—1.
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%3 rr 0% (Ir=03pu, H=5sec) g0 doldeg) 180
Table 3. Effect of r7 (I7=0.3 pu, H=5 sec) 0 J ' Wi \\
rr(pu) | ELEAGURIE (Eo=1pu) ® & % 'y
T - S et B i —— T T 3 / /
0.0 5( —2~ 2) ‘ S R/ p
o ¥4 /
0.05 i 18 { -7~ 0 ul | :
0.1 ‘ 23 (—11~11) ‘ 1
0.2 i 34 (—16~17) | >
03 Wind~2, | B2 %ME%E K (rr=04 pu, lr=03 pu,
04 | 53 (—26~26) | 2 H=5 sec).
0.5 | 61 (—31~29) Fig. 2. Steady state stable region (rz=

0.4 pu, l7=0.3 pu, H=5sec).
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Table 4. Effect of /7 (r7=0.1 pu, IH{=5 sec)

Ir (pu) | AW (Eo=1pu) | B & %
00 | 23 (—11~11) }
0.1 ’ 23 (—11~11) \
0.2 ’ 23 (—11~11) |
0.3 23 (—11~11) J 1
04 | 23 (—11~11) ‘
e el | [ E3 EE%EER (rr—01 pu, [r=15 pu,
0.7 21 (—10~10) H=b sec)
1.0 J 21 (—10~10) ‘ Fig. 3. Steady state stable region (ry=
1.5 18 ( 8~ 9) | 3 0.1 pu, /7=1.5pu, H=5 sec).
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%5 Ho%# (rr=01pu, [r=0.3pu)

Table 5. Effect of H (r7=0.1pu, [r=0.3 pu)
H (sec) | AMBUKN (Fa=1pw) | B % 5
82 - %) 116 (—53~62)
05 | 66 (—31~34) 4
1.0 ; 56 (—22~23)
2.0 ! 33 (—16~16)
3.0 27 (—13~13) ;
7 23 (—11~11 |
%0 ‘ ( ) ! 4 EmEEFR (rr=0.1pu, lr=03 pu,
7.0 21 (—10~10) H=05 sec).
10. 19 (-9~ 9
o s ) Fig. 4. Steady state stable region (rr=
15.0 ‘ 17.( -8~ §) 0.1 pu, /7=0.3 pu, H=0.5sec).

%6 17 (T O%%E (rr=0.1pu, lr=03pu,
H=5 sec)

Table 6. Effect of rr or Ty (r7=0.1 pu,
l7=0.3 pu, H=5sec)

180

AL ) =)
Tye) | rrow | IR | g g

X TR LRy b S0 g 4 e e
0.05 0.0221 15 ( =7~ 17) 5
0.1 00111 |16 ( =7~ T7) ‘
0.2 0.00552 | 15 ( =7~ 7)
05 | 000221 |17 ( —8~ 8) |

| « i |

1.0 | 000110 | 20 ( —9~10) 5 g R (Th—005 sec)
; . 23 (—11~11
L . I000 ‘ e oy el ! Fig. 5. Steady state stable region (75 =
2.0 000085 | 25 (—12~12) | 0.05 sec)
3.0 | 0.00037 | 30 (—14~15)
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KT LroEE (rr=0.1pu, Ir=03pu, H=5 sec)
Table 7. Effect of I (r7=0.1 pu, L7=0.3 pu,

180 doldeg)

H=5 sec)
| | |
| 74 , L. 704 1o 3 .
Ir () | Ly (pu) | T (sec) | M5 b |
0.05 0.147 0.605 ‘ 17( -8~ 8)| &
010 | 019 0821 |19 ( —9~ 9) —
015 | 0229 | 104 | 19 ( -9~ 9) |
0.20 ‘ 0.264 ‘ 1955 491 {10~ 10) ‘
0'35 ‘ 0'3;’) ‘ 1'90 ‘ o s % ‘ Fig. 6. Steady state stable region (/r=
) | U ' 5 (—12~12) | 0.05 pu).
#8 Lund, Lmg D8 (rr=0.1 pu, /7=0.3 pu, H=5sec)
Table 8. Effect of Lyq and Lyuq (r7=0.1 pu, /7=0.3 pu, H=5 sec)
Lndpw) | Lng (pu) Li (pw) Ty (sec) | SLMESE (F=1pu) | % 2
0.6 06 | 0.280 1.48 25 (—12~12)
0.7 0.6 } 0.288 1.49 23 (—11~11)
0.8 06 0.295 1.50 23 (—11~11)
0.9 | 06 0.300 | 150 | 23 (—11~11) 1
1.0 ‘ 0.6 0.305 1.50 23 (—11~11)
1.1 0.6 | 0.308 1.51 23 )—11~11)
12 0.6 ’ 0.312 151 22 (—10~11) ‘
1.3 0.6 0.315 1.51 ‘ 22 (—10~11)
14 0.6 ; 0.317 1.51 22 (—10~11)
15 06 ’ 0.320 152 21 (—10~10) ‘
1.6 ‘ 0.6 0.322 152 21 (—10~10) \
gohrny 03 | 0300 |us0 | 36 (—17~18) |
0.9 0.4 0.300 1.50 30 (—14~15)
0.9 | 05 | 0.300 1.50 26 (—12~13)
0.9 ‘ 0.7 w 0.300 1.50 21 (—10~10)
0.9 0.8 0.300 1.50 19 ( —9~ 9) ‘
0.9 0.9 0.300 | 1.50 } 17 ( —8~ 8 7
1) la=0.1pu, Ir=0.26 pu, r7=0.0007 pu.
» ) ) -180 é\o (deg) (‘] 180
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5 e ,/ 2
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Fig. 7. Steady state stable region (Lng
=Lmq=0.9 pu).
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