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Motoyr(technology from Model 3 helps
Tesla boost Model S range 10%

New motor design helps Model § to drive 370 miles on a charge.

ECE330: Power Circuits & Electromechanics
Lecture 17. Energy conversion cycles

Prof. Richard Y. Zhang

Univ. of lllinois at Urbana’Champagn The Model 3 debuted with an alternative motor technology that Tesla calls a permanent magnet
- HIH H DR Te e LT NlGY. A synchronous reluctance motor has a series of electromagnets
ryz@illinois.edu 3 ynet =
around the stator, but the rator doesn't have any windings or permanent magnets. Instead, the
rotor contains veins of a magnetic material interspersed with non-magnetic material, arranged so
that it has a preferred orientation in the magnetic field created by the stator. 2

Last time: Rotating reluctance machine Last time: Switched reluctance system
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Today

» Example: Switched reluctance machine
» Example: Linear actuator

Reluctance machine conversion cycle
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Reduction to EFE / EFM problem Reduction to EFE / EFM problem
L(8) = 2 + cos(26). Find the EFE / EFM: L(B) = 2 + cos(26). Find the EFE / EFM:
» A. Constant 8 =-90°, current 0 > 1A. A. Constant 6 = -90°, current 0 > 1A.
» B. Constant i = 1A, position -90° - 0°.
» C. Constant 6 = 0°, current 1A - 0A.
» D. Constant i = 0A, position 0° - 90°.
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. c L'(6) = 2% = — 2sin(26).
900 w7 o? e re = 2 {21,(9)i%}= ~ iZsin(26).
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Reduction to EFE / EFM problem Reduction to EFE / EFM problem
L(8) = 2 + cos(26). Find the EFE / EFM: L(8) = 2 + cos(26). Find the EFE / EFM:
B. Constant i = 1A, position -90° - 0°. C. Constant 6 = 0°, current 1A - 0A.
L'(6) = 2 = — 2sin(26). L'(6) = 2% = - 2sin(26).
1 = = {2 1(0)i% )= — Psin(26). } 1o = = {2 1(0)i% )= — Psin(26).
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Reduction to EFE / EFM problem
L(B) = 2 + cos(26). Find the EFE / EFM:
D. Constant i = OA, position 0° - 90°.

Reduction to EFE / EFM problem

YO

0
90°

“lwah - EFE,=+0.5J

EFEg = +2.0 J
EFE.=-1.5J
oy = o _
L(®) Ton 25in(29). L(6) = 2 + cos(26) H EFE,=0J
= 55 (3LO)12)= - sin(20). l lie = 1A EFEascp = +1J -

13

14

Reduction to EFE / EFM problem High-level view: “Four-stroke engine”
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Summary: Energy over a closed loop Today
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Energy(Ar, z1) — Energy (A, z1)

= % F(r)-dr = ¢ i\, x)dh + ¢ —f(\z)dz
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Motor
woc>mech  EFEleycie >0, EFM]eyae < 0
Generalor  EFE|cyete <0, EFM]cycte > 0

A Positive = power input, negative = power output

+ Example: Linear actuator
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X Game plan X Game plan
Linear actuator « Get formula for energy Linear actuator ~_Getformula-for-energy
SN s SN
A(,X) = 5ilx. Evaluate energy at each A(i,X) = 5i/x. Evaluate-energy-at-eac
Find EFEcyc\ev EFMcycIe' « For each path Find EFEcycIev EFMcycIe' * For each path
Motor or generator? _ AE = EFE + EFM Motor or generator? _ AE = EFE + EFM
— EFE=[id — EFE=[idA
1A 2A 3A | 1A 2A 3A |
E,=5J,E,=2J,E.=3J,E;=6J
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i Game plan . Game plan
Linear actuator +_Getformula-for-energy Linear actuator «_Getformulaforenergy
SN e +_Evaluate energy-at each N ~_Evaluate energy-at each
A(i,x) = 5i/x. rodo A(i,x) = 5i/x. rodo
Find EFE ¢, EFMeyge- For each path Find EFE g, EFMycie- + Foreach path
Motor or generator? _ AE = EFE + EFM Motor or generator? — AE = EFE + EFM
- EFE=[idA — EFE=[idA
1A 2A 3A | 1A 2A 3A |
E.=5J,E,=2],E.=3J,E;4=6J E,=5J,E,=2J,E.=3J,E;=6J
EFE,sp = -1.5J, EFE,s, =-1.5J, EFEp,.=-1.5],
EFM_, = -1.5J, EFM, ., =-1.5J, EFM, .= +2.5],
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. Game plan . Game plan
Linear actuator +_Getformula-for-energy Linear actuator ~_Getformula for energy
f — i ~—Evaluate-energy-ateach P — ~—Evaluate-energy-ateach
A(i,x) = 5i/x. ode A(i,x) = 5i/x. ode
Find EFEcyc\e! EFMcycle- For each path ind FEcycle' EFMcycle' - For each path
Motor or generator? _ AE = EFE + EFM @ generator? AE = EFE+EFM
- EFE=[idA —EFE=fidA
5Whf------- =
EFEyce =-1.5-1.5
awb (-2 +25+25=+21
SWbl- EFMcyqe = -1.5 42,5

i
E,=5J,E,=2J,E,=3J,E,=6J
EFE,,, =-1.5J, EFE,sc=-1.5J,

EFM, ., = -1.5J, EFM,5. = +2.5J,

EFE,q = +2.5J,
EFM,q = +0.5J,

+05-35=-2J

! EFEs, = +2.5J,
E,=5J, E,=2),E,=3J,E,=6] EFMys, = -3.5,

EFE,,, =-1.5J, EFE,5.=-15J, EFE.s4=+2.5J,

EFM, ., = -1.5J, EFM,,.=+2.5J, EFM_, = +0.5J,
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