
State Transition Matrix



Linearization of States



Example: DAB Model
• DT model is

𝒙ෝ 𝑛 ൌ 𝜱𝒙ෝ 𝑛 െ 1 ൅ 𝜞φෝ௔௕ሾ𝑛 െ 1ሿ

with

𝜱 ൌ 𝑒𝐀య௧య𝑒𝐀మ௧మ𝑒𝐀భ௧భ𝑰𝐻𝐶
𝜞 = 𝑒𝐀య௧య(A2-A3)X0

where 𝜱 ∊ ℜ3x3 and 𝜞 ∊ ℜ3x1

Sampling Instance
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Order of System
• Including vp(t) as a state results in 3rd-order model
• Resulting transfer function is of the form

𝐺௩஦ሺ𝑧ሻ ൌ 𝐺௩஦଴
1 െ 𝑞ଵ𝑧ିଵ

1 െ 𝑝ଵ𝑧ିଵ 1 െ 𝑝ଶ𝑧ିଵ

• Outside of resonant transition 
|vp|=Vg is constant, resulting in 
reduced order

• Goal: eliminate constant state, 
while maintaining effect of 
resonant transition on il(t), 
vout(t)

Sampling Instance



Model ZVS as Disturbance

• Consider how model takes 
transition dynamics into account: 

𝜱 ൌ 𝑒𝐀య௧య𝑒𝐀మ௧మ𝑒𝐀భ௧భ𝑰𝐻𝐶

• Red term models relation 
between states at start/end of 
ZVS subinterval

𝒙ෝ 𝑡1 ൌ 𝑒𝐀భ௧భ𝒙ෝ 𝑡0

with A1∊ ℜ3x3

• Using circuit analysis, solve new 
matrix Ares∊ ℜ2x2which models 
how ZVS transition affects states 
at t=t1

Sampling Instance



Resonant Transition Matrix
• Maintaining second order, ௟ ௢௨௧

𝑇

• New matrix takes the linear form

• Linearized with respect to x(0), rather than time



Case I: Above ZVS

D. Costinett, D. Seltzer, R. Zane, and D. Maksimovic, “Analysis of inherent volt-second balancing of magnetic devices in 
zero-voltage switched power converters,” in Proc. Appl. Power Electron. Conf. (APEC), arch 2013, pp. 9–15.

• Linearized relations solved 
using circuit analysis



Case II: Below ZVS

• Solution different when 
partial hard switching occurs



Linearized Result

• Assuming balanced operation and small ripple on Vout

• Resulting model is now
𝐀య௧య 𝐀మ௧మ

res 𝐻𝐶

= 𝐀య௧య(A2-A3)X0

where 2x2 and 2x1



Model Accuracy
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