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Improvement of Transient Performance of Synchronous Generator
using Feedforward Controller
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Abstract - A brush-less type synchronous generator driven by an internal-combustion engine is used for emergency
electric source. These types of generators have to maintain a certain range of output voltage even under the sudden load
change conditions such as full load application and removal. This paper describes a method for suppressing the output
voltage of a synchronous generator that operates excessively when the load fluctuates. The method used in this paper is
a feedforward control method in which the main voltage control consists of a feedback loop using a typical PID
controller and the load current is detected as a disturbance element and compensated directly. A feedforward system is
constructed in which the load current is regarded as disturbance, and the appropriate feedforward controller configuration
and parameters are found through simulation. Finally, it can be seen through the experiment that the feedforward control
is performed properly. It can be seen that the generator terminal voltage is recovered to the steady state in a short
period of time as compared with the existing PID control method even when the entire load of the generator is changed.

Key Words : Synchronous generator, PID control, Feedforward control

.M 2

ydri#ezg Fede 5712 7E «dvs 2 ouds
AdFHdez F2 AMEE I QU Y DS FH3)
71§18t 1A E FEHAGE 2AHSE AsHAYE
A 7] (Automatic Voltage Regulator)”} 2 8% i low =}
FAGEAE F/1EAVY BEAA AAAFE 25
o FAA WA Tl A= AGS Alojsta, AR FAA
Aol o3 FAA A7 A7 wE 7)o 2w

At AAEA A 8= dee s}
e AsAgzYr)E )R ded PID Aol

HAgsta 9, Alolg]l 2EZS ALEd AAlo] AR

v A Aol w1 7Aool A#Hslr] u

AATE w2 Ao} Fgietr] of e

J{m
2
2
o
i)

4 FE‘ —

o,
off
N
1o
1
k1
e
PRI TS

to off
2
jins
N
o
)
1o
N
ofr -

=

~+

Corresponding Author : Dept. of Control and Instrumen-

tation Engineering, Pukyong National University, Korea
E-mail : anyj@pknu.ac.kr

Hadal 020189 2€ 14Y

HET SR 020189 2¢ 26¥

N

IEZAE MOZ|E AFEE STIUTT|e =54 MM

e,
MEEYE Aot LulANE v ool Moo
3 GTHA-9l AEEYS Aol AT PID Ao H5E
FA7) S F7h Auea Bded AztHe ow 9
Ho 4L gk oUW g 4P Aojgo] WA
& wouy] Mol 2ANFES 24T & A VA8 2
g B AEEYS Ao/l AdE A A FS
AgEA e PEoln, dwE W= A s A
o weuel Fad /5e e §AF A Aed HE

B AqoAE dee] PIDANE 2 As
o A=XY= A& Frtste] WAV AL %
& MAstE Aotk V&9 WAozE Hu Faid

[e)

L
o
o,

N

o

N

o

NooX

2o
4
R
M
=2
4z
P‘L
Ho
2
=2
o
=
2.
1?1‘_,
lo

]

rir B

M s, & oofft B

T fo O pot kI RN
N
32
o
&
2
-0,

b
lo
x
>
ol
RO
o
o%
L
rlo
N
(i



rx

7|&t5 =2 67PH 2= 20184 6¥

zdo] taiA 7HseA e AT Yk L3 AlxEe] )
A wslel] dis] G FAT = ql7] wEe olwg
Aol JEXAE Aoj7le o wAd 4 glrke= et
VEXZE Aojs Alxgle F g mdo] AQ3y] uE
of diF-ito] Alzwle] dlsiA 7hEdhA] Rt AxE EA
Els

b = Aoje olgle A sl EgstARk, o
2 7hA Alzdle] dis] BFe TS Zau glo] urgA e
BEEAS I8 5 e BA7 29 489 d=x9
c-vew AojAe MEFTY= $53 Aot Heuw
e ARG e EPEE 2 fd AR ¥
=X 9= Aojo] g 7% AHE v = Aojr|r}
A dgs @

a9 1& Yexrgde-mew oA dukHe FxE
Vel Aolth10-12]. 2 Alzde] H&d A9 dgHet
AL dAsA FAHRE dHo WHEEed dsiAn =
=ExE Aojgs ddatr] wid dass, ¢, e50®
= NEAYe] gomz I8 29 e pFxE FAI. o
H3 T4 7]F9 PID AlolE A43 3=y z oA A
o S FJrExE Aoir|E T AdsA Hr= HA
% g-o] 7} st}

vz Aorle EY3 A4A e AEF ¢ vl §
23k, E99 A g Aolel e ZUME QtEE
Aol 2EE AAsE =W Aojrle gj¥goz AgHT
se Aojr] e AMEE AS, 324 Qo] wAls uj
o= Eo] mEA WA FHaE HSAWYW ofYe A
dHor 7 ox7F A&EHE Hol A3, o]# 3 ¢y
S Bgsly] 98 VEY AdFzE adZ oA 4o
hedt A AEE o] g5l dEle Alxde] e FAQ
ESAY AFeAE AAT & JdE HJREYE A7 E
# g3

vy s Fr1dAve] doA EErge] MEe wd

Reference

Feedback
Controller

Disturbance

a8 1 HEEYS-TEY Mo AlAY BRE

Fig. 1 Feedforward—feedback control system block diagram.

Reference

Feedback
Controller

Disturbance

G,

Feedforward
Controller

O 2 3 m=xd= Hol A|AHS EEE

Fig. 2 Block diagram for modified

system.
NE TEeE 2579 SErt 245
ate] FA% W] 711%th He s
7l AFR HFe] JhestnR v =g
Fohe g PediE e

ol bl 25 P 2 o

Ext Gain
Step PID Controller citert Main Fisld
Armature reaction A

Gaint

au
at

erivative Derivative

[y

I

I
o

b] a il

0.02 —>L

PF
sin TH |

PF calculation

Divide1

feedforward  control

>
» Scope
Switch
+
_ x
=
X armature current
x
e
» v
#|Ra
*(La
>
Cos. Vi
#(sin
Armature Drop

a8 3 HEZE Mo BFZE Ze= simulink AL

Fig. 3 Simulink block scheme with feedforward control loop.

58

Feedback gain
Dx .

Terminal voitage



Trans. KIEE. Vol. 67P, No. 2, JUN., 2018

300 300
250+ 250
~ ~
EZOO r ;200
S T
s 150 ¢ ?ED 150
G =)
= 100} =~ 100
50 50
0 . . 0 I=
0 2 4 ) 8 10 0 2 4 6 8 10
Time[sec] Time[sec]

(a) )
07 4 BRet Alel BT (@) WEZYE FIJ} e A () USEYE TV UE PP

Fig. 4 Output voltage with light load. (a) without feedforward loop (b) with feedforward loop
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Fig. 5 Output voltage with middle load. (a) without feedforward loop (b) with feedforward loop
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Fig. 6 Output voltage with rated load. (a) without feedforward loop (b) with feedforward loop

3. AlEdolM Z3= a9 4, 29 59 1Y 62 4 AR e €A

ARG Ao HEEZHE AAFEZI} gl A-@9 A

XY Aojr|e FAL JRHow oL} &9 = AWM disted Al A Axol) A9

Walio] SR lye] nEFy AuEFe AHed Y EE BH7 dAAY, F 2 Ze e HAFE

[9]. =& PIDAo]7]%He ALgate 7189 Alo] Al 2 el A Ehdth b7t R 718 F 35[slelA Q17kE ., 6ls]el A
a7k A7ME S e AEH R YEHuE A ARS A A

BAE7] 9ate] SExYE Ao]rld HHQLAE F7Th A3kl Aol Aol7t s FEEA FAW, FIF

o] ¥ 3 MATLAB/Simulink 7435 2% 30| vepdich Balol AARE Hgos HH7] FH AL WEol o

IEZdE Mo7|E At8E ST|UHY

.
ic]
|,|'|
Am
0x
)
N
rx

59



HM7|&s =gX 67PH 25 20184 6¥

g woln vk YEEAE Aol FEE 4% 497 4
§3H4 e Aol wstel ME SHEES Holn e
o 4 9t

Oy 7 AEFAE e vk HEvE AWEHE
TEHE 3FFED ST A At F712d71
AA L 34 45 330[V], 10[KW]olth. ¥-sl#3ae oM A3}
7=

Ageta, durdel f7 dgnas FAs) 96

I
eo0ooon

ay 7 e Fxl (@) dS7-LH] (b) ASTEA=HY
( A

Fig. 7 Experimental setup (a) motor-generator (b)

a9 88 JlEel JEa Aojwre Aew 49 WAl
Ak AFolth 4RE Yzt wxs)e) wAAY, S
% adze Padfely, 4ANAE QA 2 AAT uo
A7) EHA% WS JEhla ATk Hd7] wRage
380IVIel Tk, #alel7h Ao wdge HA o SIVIAA

et (eh 15% ha), AAAEAA S FEA e o}
600[ms] s=olch. ® e} <17F Aoz Fatel g
Fow wargrel A el wsf oF 30[VIZHA 2Haste]
BAAGE gEehA Hahs Ao Fgddnh 3k AA A
o= AAMSeNA of 38IV] W I7AA(eF 10% S7h S 71at

60

™, ARG B E5AZEE oF 1200(ms] AE=7A o=
A

(a)
Tekzx | [ - ]
Vi

HARst2 ovtet of SEEYS MojRmot 8ls
deo uNY (1) ARSE At FR ()
HZAREE ATt AT

Fig. 8 Output voltage without feedforward control loop when
the rated load is applied.
(@) When the rated load is applied
(b) When the rated load is tripped
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Fig. 9 Output voltage with feedforward control loop when
the rated load is applied.
(@) When the rated load is applied
(b) When the rated load is tripped
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