6.622 Power Electronics Prof. David Perreault

Lecture 26 - Control 2

1 Control Design Example

Boost converter o) I~

L = 10uH, C = 50uF l Ll

fsw = 100kHz, Vy pop = 24V e — e e

Unom = 9V, 8V < U < 10V T (L) gl = A\

20 < R < 1001 &5 —
C. IR .

Start with switched equations of state:
{ ; ) %LZLgt) gl (1 - q(t)
G = —rcvoq(t) + (gir — CUO)(l q(t))
State space averaging with T = = ft 7 2(7)dr results in nonlinear averaged model

dip, _ @ | T,y

{ dvg df 7L+ d/
U

=0 = — Vo + & ZLd

Linearization about op. point. U, I, Vj, D yields LTI linearized model of incremental dynamics

L =i O d
@ = ~mclot+ giL—&d
Using Laplace transform and identity % =D'I;,
7 Vi VoD’
H(S) — UO(S) _ _SRCOD’ + IO/C
- D/2
(s) 2+ ges+ To

Transfer fucntion depends on op. point.
@Qu=9,V=24D=0.625
Iy, = 25.6A, R =2.50,C = 50uF, L = 50uH

¥ _ —512000s41.8x10'°
d — s52+8000s5+2.81x10°

zero at s = 35,156
Poles at s = —4000 + 516279
period= 0.4ms




Back to original goal: control!
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Looking at our transfer function, we have

1. 2 lightly-damped poles in LHP o

2. 1 RHP zero ._..--_x_.- ;_ R ——

This is tricky, because the poles tend to move to the RHP under feedback: (Note sign in numerator of

H(s))
_RAP wnder Ceadback s

Papertie~t G5} = K {; h "__Iﬁé_b;i‘r"c;-‘{ﬂ =,

— So, we must pick control gains that are not too high for stability.
Also, the poles move with operating point! (variations in U, R for example)

e Look at slide for variations of poles with R (problem becomes more difficult at light load...)

R
e Could use a damping leg C ‘_'5' II' (neat trick)
Must design controller valid over all operating points

e Look at simple integral controller design

e Note: technically only small signal dynamics are determined, but power converters are forgiving in this

respect.

Note: This controller may not be ok in practice due to lightly-damped poles (noise sensitive, transient
perf, etc), main pro is RHP zero!! — go to the current-mode control!!
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Root locus for Boost converter under integral duty cycle controd
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Phase (deg); Magnitude (dB)

~ Bode Diagrams

Gm=16.9 dB (Wcg=18516.6); Pm=89.8 deg. (Wcp=288.1)

| Vref=24V, L=10 uH, C=50 uF, =100 kHz, U=0Y, R=10 Ohms

10° 10° 10* 10° 10

Frequency (rad/sec)



—— === =

TR

il

1ep'po 3soo0d (4)

0* r9an dua 'b0
LZ Jeaadwag _— - PGiTIZ:EZ 66/10/p0 :unx
Yos ' po 3soog\sioelorg\g AFWISH\:D .

(oa)p
swz g Sug b
.............. dem oo ADT
| <<138

EP:9GIEZ iowTy
] sy g 8beg 6661 ‘T0 Ttady :@3eg




666T ‘T0 T712dy :a3jeg

EP:9G:gZ iewTy

I8P Z9 YOI TAS OAVW 15009 (¥)

(oa)A

0°LZ ‘eanjeradus] - - -
YOE"ZO YOITMS DAY LS00H\S3IDe[oag\g ATWISW\:

-

EV:ZI:EZ 66/T10/%0
J»

:un1 swyl/e3eq

10



9p:9G6:EZ 8wWTL v sbeq 6661 ‘10 Trady :e3eg
: suITy,
’ : 5 (oa)p o
WG L sz * L EWg -9 sup*g9 sug-9 swg g swz g Sug "
_1 IIIIIIIIII T e e e o e, 1 L e e e L F i —— R o e e . T T —— B S — L L - +b°ﬁ
" . . . . ; | €<138
“ ; : : : "
i (]
\ s : . . :
m . - . . . . . . . . ' . . _W}GN
3 ]
" . g%i}!fff%\ix'f/ﬁ! M
: ™~ ;3
' % J "
1 = " 5 e i 2
] _./J y_ '
] 5 o 1
] N ]
' . 4 5 . ) i i
H . 1
i "
_r IIIIIIIIIIIIIIIIIIIIIIIIIIII L]
................................................................... 1 aov
........... L (12)1
B e e e e e e mmm e e e s T ¥0Z-
_ ’ . : ; :
: . | . . . :
; . f .
i . ' ® N . . . - . . * .
. . - . . . - . . . " .q.ﬁ - ?ﬂc
e L R W,
" | — . . ____ “
“ : _ . o
" . e . . v . . . . . . . ‘ e “,_. LY0Z
“ . . _ . . < 8 ;
_ . ) i '
I . M
__ - .
bssesauotus e P ey AT JE s
............... e T . (/] 1
Ieprgd 3soog (qQ)

0°LZ :2anjeradws]

o i SPIBT:EZ 66/10/F0
yos-gd 3soog\sioeload\g AFWISH\:D »

iuna swfL/e3eqg

11



9P:9G:EZ :8wTy

g obeg 6661 ‘10 T1rady :a3jeq
> ETTE 3

(oa)p
swg* g swgZ swg-9 sup "9 swp* 9 swg*g swz"g Sug " p
| becccmmmmme e o g O e e L e s e o o s e B T s + bﬂﬁ
I 1 -
] - 4 1
I i
' . ' i
“ - . . - » . . . . . . - .-l. . uu bQN
] i ]
] O (]
e R ————— L 1}
1 . . e . s (]
i i
1 ]
1 ]
4 - - . - - !
() I
] ]
] i
) ]
] . . - ]
1] 1]
b s e o B S S T S e R e T e e e e e Tl e s g L pow

(17) 1
e e e e e o . S i 0 +Y0Z-
b : : ; . 1<<138
: . . 1
] i
] 1
" N - - . . - . . . - . . ._T _ﬂ_a
1 T e - o . - s
e AL g U - S S '
' > " . e " '
i ]
] “ . . i
] '
M - . . . : . . . . . . . . . . © -¥0Z
) . . . - - p
1 ]
] . - " - (]
] [}
' i n [}
] (]
b T 0 e et 1 W B I e B A B R S T L vor

39p° 12 UDITAS DAY 1s00d (D)

0°LZ :eanjwvasdme]

LE9E*ZZ 66/10/F0

Yos* 19 Y23 TMS DAY LS00E\5308f01d\g ATWISK\ (D

-

iunx ewyL/e@3vqg

12



MIT OpenCourseWare
https://ocw.mit.edu

6.622 Power Electronics
Spring 2023

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms



https://ocw.mit.edu
https://ocw.mit.edu/terms

	cover.pdf
	Blank Page




