6.622 Power Electronics

Lecture 7 — DC/DC Lecture 3

Prof. David Perreault

1 Converters

Consider device and passive component ratings of converters:
Indirect: I ey
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For now, assume L, C big
iL ~ IL; Ve = ch

Iy = L] + ||
Ve =[Vi + V2|

So we have Vsw,mazx = Vd,max = Ve = |V1| + |Vv2|

isw,max = Z-d,maac =1 = |Il| + |12|

Let’s look at direct converters (L, C: big: if, ~ Ir,v. = V.)
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Vsw,mazx = Vd,mazx = ch = ‘/1

isw,max = Z.cl,'mowc = 7:L - 12

Usw,mazx = Vd,mazx = ‘/C = ‘/2

7:sw,maa: = id,max - iL = Il

For the direct converter types

VUsw,mazx = Vd,max = Vc = maxﬂ/ll + |‘/é|

isw,maz = id,mam =1Ir = maX|I1| + |12|




So based on device and passive component stresses, we would choose a direct converter over an indirect
converter whenever possible!

In practice, component election does depend on ripple in many classes. Let’s see how to approximately
calculate ripple effects.
To calculate capacitor voltage ripple, we:

1. Neglect ripple in inductor (assume L ~ inf so Aig p, = 0)
2. assume all current voltage ripple goes into capacitor
3. calculate voltage ripple

4. verify assumption afterward

Ex: Boost converter ripple
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So we model the system assuming all ripple current component (fd) goes into the capacitor, and the old
dc component < ig > goes into the resistor. For this to be true, 27 f,, >> Rl_C



Under this assumption, a “ripple only” model is:
J w7

e ripple in v, is triangular

e the average value of a A wave is half-way between its peaks, so we get ripple between 44§ U“%

. dv 1 [.
Z:Cdtc —>Avc=E/zcdt
D(1-D)I.,T B
Avepp = —— where I}, = I,
So to limit ripple to be low a specified value C > M
Ave pp

Similar calculations can be made for current ripple in ip,.
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The flat black line says: neglecting capacitor voltage ripple (a good approximation)
Blue line says: real case (is oo with ripple calculated above)

Modeling v, with equivalent source, throw out dc components:
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neglecting z,,, v, = —0,) (On right arrow: Neglecting any drop on z;)
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. D(1 - D)VL,T
op = 71
Therefore, L> LD)%T
AZL#’P
From these waveforms we can define Ripple Ratios: ripple magnitude as a fraction of dc value
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S Ve pk = V;(]. + RC) and igypk = IL(]. + RL)
So from our previous results
2L Ry, 2V.R,

Energy storage is one metric for the minimum size of an energy storage component. What is required
energy storage?
Capacitor:

1 2
EC = gcm,pk

1 D(1 — D)I,T

_ - 2
1D V)T (1 + R.)?
2 2 R,

_ DTPy(1+R.)?

E.
4 R,

So energy storage increases with
1. switching period

2. output power

3. conversion ratio

4. smaller ripple spec (? cannot read space or spec)

DPy (1+R.)?
4fsw R
It can be shown that direct converters always require less energy storage (+ hence smaller components)

than indirect converters.

Similar arguments for inductor £y, =




We can also factor in ripple on our peak device stresses:
DIRECT:
Vepk = Vsw.pk = Vd,pk = max(|vi], [v2])(1 + Re)
iLpk = fswpk = tdpk = max(|L1], |12)(1 + Ry)
INDIRECT:
Ve, = Usw,pk = Vapk = (Jv1| + [v2])(1 + Re)

iLpk = Gswpk = Gdpk = (11| + [12])(1 + Ra)

If time, define metric for switch size: switch stress parameter
A .
S.S.P. = Viw pk * Tsw.,pk



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




