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3.2 Operating Constraints
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3.2 Operating Constraints - Summary

e Current Limit: is <ig my

.. 1
° VOItage Limit: Vs = Vs mx Vs,mx:EVdc
e D-AXxis Current Limit: ids > igsmn
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3.3 Current Command Synthesis

e Maximum torque per amp control
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3.3 Current Command Synthesis

e Thus we have
. 2
Fin = 3fsls "‘Ea)rTe (3.3-5)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

e Maximum Torgue Per Amp Mode

- 4min( T, ,Te,mxl) ) (3.3-7)
Iqs = 32 P Sgn(Te)
|dS =0 (3.3-8)
_W2pP, (3.3-10)
e,mx1l 2 9 S, mx
o T Amigs £ _\/ [r Ay |qs] [L§S MERWE: 12\/ _r3 552] (3.3-14)
a)r,bnd(lqs): (272 +/12
ss'gs
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3.3.1 Current Command Synthesis
for Non-Salient Machines

Derivation of Maximum Torgue Per Amp
Mode
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3.3.1 Current Command Synthesis
for Non-Salient Machines

Derivation of Maximum Torgue Per Amp
Mode (Cont.)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

* Flux Weakening

* \2
e~ Amlssof +\/222v§,mX2 —(rsa)r,zm + 2%
s = ~ (3.3-16)
2=r2 + 0?12 (3.3-17)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

 Derivation of Flux Weakening
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3.3.1 Current Command Synthesis
for Non-Salient Machines

 Derivation of Flux Weakening (Cont.)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

e Current Limit Restriction on Flux
Weakening

2
2 -1 -2 =12
2Vs,mx = (rslqs,lmz — Wy Lss \/le,mx o Iqs,lm2 + a)r/im)
(3.3-20)
2 2 ?
- -r -r
+(_ rs \/le,mx _ Iqs,lm2 + @, Lsslqs,lmzj
2vZ  —27%i2  — @PA?
ir i =+/2i, . cos| angle(r, + jw,L..) T acos| —=™ UL A 3.3-21
(qs,mnz qs,mx2) S,mx ( S r=ss ZwerZ«/Eis,mX ( )

3p ., 3P
Te,mx2 :Ezﬂ'mlqs,mxz (33-22) Te,mn2 - Ez;tmlqs,mnz (33-23)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

Derivation of Current Limit Restriction on
Flux Weakening:
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3.3.1 Current Command Synthesis
for Non-Salient Machines

Derivation of Current Limit Restriction on
Flux Weakening:
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3.3.1 Current Command Synthesis
for Non-Salient Machines

e D-axis Current Limit Restriction of Flux
Weakening

(-r . ) — 5 An @ 1\/222\/52 _(Zziés,mn + A Lss@ 5)2 (3.3-24)
lgs,mn3+ lgs,mx3 )= /2 '

3P

Te,mn3 = E?’lmlqs,mm (33'25)
Te,mx3 = g%’imiés,mm (33'26)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

e Derivation of D-Axis Current Limit Restriction
on Flux Weakening

2
2 2,,2 2:1r*

s = " (3.3-16)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

Derivation of D-AXxIs Current Limit
Restriction on Flux Weakening (Cont.)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

e Real number restriction on g-axis current

- - T2V 2 - 1w A
(I(;s,mnm (;s,mx4): . 2 T (3.3-27)

3P
Temna = E?’Imlqs,mm‘l (3.3-28)
3P
Te,mx4 zazlmlqs,mm (33-29)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

 Derivation of real number restriction on g-
axis current

2
2 2,,2 2:1r*

s = " (3.3-16)
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3.3.1 Current Command Synthesis
for Non-Salient Machines

Derivation of real number restriction on g-
axis current
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3.3.1 Current Command Synthesis
for Non-Salient Machines

e Combined representation of current commands
In flux-weakening mode:

Te,mn — max(_Te,mxliTe,ng’Te,mn3’Te,mn4) (3,3-30)
Te,mx — min(Te,mxl’Te,mXZ’Te,mx31Te,mx4) (3-3'31)

ir* _ 4min(maX(Te ’Te,mn)’Te,mx) (33_32)

* 3P4,
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3.3.1 Current Command Synthesis
for Non-Salient Machines

 Example: consider a machine in which

rS — 26 Q LSS =12.4mH Vs,mx — 230/\/§V

A =0.286 Vs P=4 Is mx =3.3 A

g mn = —2.33A
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3.3.1 Current Command Synthesis
for Non-Salient Machines

Torque, Nm

N
T

Fall 2005
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3.3.1 Current Command Synthesis
for Non-Salient Machines
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3.3.2 Current Command Synthesis

for Salient Machines

e Maximum Torque Per Amp

J n.
. [* * * \N;
lgs =09q(Te ) = Zaj(Te )

J:

3P r* *
- e E_/im'(;s —Te
'ds:gd(|qs’Te):3P -

EE(Lq - Ly )'qs

Te*(gpﬁmicg: _Te*j

L r* 2 2

('OIS)4 * 3 p ;=0
LN (T
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(3.3-31)
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3.3.2 Current Command Synthesis
for Salient Machines

e Derivation of maximum torque per amp
control:
3P

T
€799

(/1m qs (l— - Ly )iasigs) (3.3-27)
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3.3.2 Current Command Synthesis
for Salient Machines

e Derivation of maximum torque per amp
control (continued)
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3.3.2 Current Command Synthesis
for Salient Machines

o Current limit on maximum torque per amp
control

2i32,mx = gq (Te’fmxl)2 T g4 (Tefmxl’ gg (Te’.jmxl))2 (33-33)
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3.3.2 Current Command Synthesis
for Salient Machines

o Speed limit on maximum torgue per amp
control

2Vsz,mx = (I’qu (Tefmx) + @ pnd Ld 94 (Te*,mx 9 (Tefmx)) + @r bnd )2 T (3.3-34)
(rsgd (Te’jmx g (Tefmx)) + @ pnd LqYg (Tefmx))

* J L\
@r bnd =h(Te ) =by + 2_b; (Te )nj (3.3-35)

j=1
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3.4 Direct Current Regulation
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3.4 Direct Current Regulation

o Analysis

ir_ar*  TserS i
igs = lgs +—— Al
0 s T s (3.4-8)
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3.5 Indirect Current Regulation
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3.5 Indirect Current Regulation

« Consider the following

+
u — K : :{%}—H’
\_iilir:rll-/_ .

TS

/ijim

« With appropriate assumptions,

(r; + K)is+ K (r; + K)is+ K

wm

(3. 5-15)
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3.5 Indirect Current Regulation

e Derivation
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3.5 Indirect Current Regulation

* Derivation (Cont.)
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