EXAMPLE 2 "WYE Winding -- Sine / Sine Evaluation”

Conversion factors:

ounce in:= 7.06155181-10 > N-m  INm=141.6120unce in  milli:== 10> p:=10"°

d
kg-m2 =141.612 ounce_in-s2 krpm := 104.72-i rev:= 2-m-rad
S
kp = kgf = kilopond force = kg force _
p =kgf=kiopond g 1584 9549 % 107 kepm pm = —28
S 1000
kp == 35.274-% kgf = 9.80665 N N =0.101972 kgf
g
22046 3327360z rms = 1 pi=1 rms and peak
1-kg lkg abbreviations
N g 610 2uncein Kt units
A
1 v = 104.72L Ke units
rad krpm
S
2UnCe I c 435 1070 Nm D units (mech friction torque)
krpm rad
N
Motor Example BEI DIP30-07-001A
Datasheet Parameters [See Motor Specifications on Page 6]
This poses a set of problems due to the fact that the KT and Ke values are ambiguous
with respect to pk or rms. Also listed is Kt = Ke (0.226 V /rad / s =32 ounce_in/ A).
so we need to identify the proper units.
Sinusoidal Specifications
Ryp = 5.6-Q P:=12 No. of magnetic poles
Ky = 135 ounce_in
W Ly = 8-milli-H = 0.00192 in-s”
op = 3-mulli- Jym = 0.001923-ounce_in-s
T = 1.49-milli-s T3 = 1.43-milli-s
rad .
0 = 106-— Theoretical no load speed @ 24 V.

S

T, := 100-ounce_in Peak (stall) torque.
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Using (48), solving for KTrms

Krmsss = 0.276 A-rms

Continuing with the parameter relationships:

and converting to Sl Units

Krmsss

Krpss = ———
TpSS \/E

m
Krpss = 0.195N-—

A-p
2
Ke(l)(l)p = g “KTrmsss

v
Keppp = 0.226

rad
s

Krrmsss = 39.127

3
Ktrmsss = KM'\/;'\’ R¢<|)

ounce_in

A-rms

Verification Sine / Sine row

Attachment A, Chart 1, Col2

Attachment A, Chart 1, INV(Col1*Cdl. 2)

So the Keddp appears to be the correct value for back emf.

3
Krpss = T'Ked)cl)p

N-m
KTpSS =0.195 A_p

KTrrnsSS

Kepprmsss = 7

V-rms

Kepprmsss = 0.16

rad

S

Kopop = V2-Kapgrmsss

Vp

rad

Keppp = 0.226

S

Ty = 1358 x 107 kgm?

Kepopss = Kepgp

Attachment A, Chart 1, Col1

Attachment A, Chart 1, Col3

Attachment A, Chart 1, Col4

Kumss = Km
N-m
Kyiss = 0.0953 ——=

W

Though Ked¢p is mostly used.
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Figures of Merit - Calculated

Stall Torque
V(I)(l)ptest = 174Vp

(100) 2 Vgptest
Tstallss = =~ Krpss From (40)
"Page 13" V3 Rg
(ptest Incorrect equation (41)
I¢<|)pstallispec = =3.107-A-p

used in Spec.! Use for
Squarewave drive only.

TstallSS = 0.70IN-m TstallSS = 99.263 ounce_in

No load speed @ 24 V

V(I)(l)ptest = 24Vp

I - i V¢¢ptest

dopstall - \/3 R¢¢ I dopstall = 3.588 A
I(ﬁ)d)pstall

I(l)(l)rmsstall = I(l)(l)rmsstall =2.537 A-rms

2

Check
Spec states 100 ounce_in for Tp

Using (42) ONL = Yopres rad Checks with spec. (00)
Kepip oNL = 106.386T pec. (o
Speed-Torque Curve
pe a o = bp - Voorms
42 NL T -
(42) Keptp  Kepprms
No load test values:
Vg = 17.4-Vp oy = 2 (42) rad
odp = AV NL1 -— = —_—
0p ONL1 77.13 S
ms Checks
v A Voprms1 rad
<|>¢rmsl <|>¢p -\/5 (DNLI = — O)NLI = 7713_
Ke(bd)rmsSS S
Torque test values
71 := 0-ounce_in . = ON-m
L =0N-:
T, := 35.00-ounce_in 5= 0247N-m
2=V ’
T3 := 90-ounce_in 1= 0.636N-m
3=0. ’
Speed — Torque slope
ﬁ . R¢¢ rad

Using (44)

Rpss =

2 Ke(bd)rmsSS . KTrrnSSS
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R,.ss = 110.035

S

N-m



Speed-Torque test points

Using (46)
rad
®) = ONL] — RmSS'Tl o = 7713 —
S
rad
Wy = ONL] — RmSS'TZ ) = 49.934 —
S
= — . d
0)3 O)NLI RmSS T3 0)3 — 7198i
S
T := 0-N-m,(0.03-N-m).. 0.7-N-m define range variable
Plot ®2 vs ©
Speed Torque Curve 0,(1) = ongy - Ryggt  Equation (46)
100
wy(t) 50
0
0 0.1 0.2 0.3 0.4 0.5 0.6
T
d TstallSS d d
©,(0-N-m) = 77.13 = o) 222 | 238,565 (T anss) = 0 ——
S 2 S S
Load Power as a function of torque:
ONLI 2
PLT(T) = — T + ONL1'T
TstallSS
20
Prr(t)-W 10
0
0 0.1 0.2 0.3 0.4 0.5 0.6

T

TstallSS
Pl 5 =13.516 W
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® = o-ﬂ,(o.l-ﬂ)..nﬂ

Load Power as a function of speed

ONL1

PLT((D) _ _(TstallSS

Range variable defined

2
j'w + Tstallss' @

20
Pir(0)W 10
%% 10 20 30 40 50 60 70 80
(0]
ONL1
I . TstallSS
USing (27) 3 TS‘;HSS bormsStall == Ktimsss
Ppi= = | ——— | Ry with lop¢ argument
2\ Krmsss
Lpprmsstan = 2.537 A
Pp = 13516 W
Using (14)+(15)
TstallSS ONLI
ONL1 TstallSS 3 2 P + Pr=27.032W
PT = . + _R¢¢ - 2
2 2 2 Krmsss Check
Pr=27.032W ek
Motor Constant
2 KTrrnsSS
. Kypeo = | =- N-m 2 Krpss
w V3 Ry JW
Tme constants
Ryg-J L
Using (52) =, == V3 _Rapv Using (54) 7 = —2
2 KepppKrpss R

Note No difference in either time constants published or caculated!

Ty = 1.494milli-s  Checks To = 1.429 milli-s
N-m
KTpSS-Ke¢¢p =0.044Q-
rad
S
From Attachment A, Chaart 1 Col 5. Both Check

K 2 N
TrmsSS .
e 0.0440.——

3 ad

S
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Checks

From Attachment A, Chaart 2 Col 10.

N-m

rad

KTrmsSS'Ke<|>¢rmsSS =0.044Q-

S



Resistor power calculation using the Motor Constant, KM.

. 2
PR= —
Km

Derived from definition (102)

TstallSS
2
P, =
R Ky
Pr =13.516 W Checks
Load power equation verifications
p _ ONL1 TstallSS
LT >
From (25a) s
stal
3 ONLI 2 . .
Pr1ss = £-Ke¢¢p-( j with Ippp calculation
2 2 KTpSS
Prrgs = 13.516 W Check
From (25b)

TstallSS
ONL1 . .
j. 2 with Ip¢rms calculation
2 KTrrnsSS

Pirss = 13516 W

Prrss =13 'Ke<|)¢rmsSS'(

Check

I(ﬁ)d)rmsSS = L

Logpss
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"Page 15"
(ro)
13.516 W
TstallSS
Lpyaq = ——
$¢pSS
Krpss
I¢(|)pSS =1.794 Ap
TstallSS
I : 2
ddprmsSS -~
KTrrnsSS
I¢<|)rmsSS =1.268 A-rms
Verifies (A11)



OWG NO.

DIP30-07-001A

WINDING CONSTANTS * UNITS TOL | SYM | woc A
DC _RESISTANCE OHMS +12.5% R 2.6
VOLTAGE @ Tp VOLTS NOMINAL | Vp 17.4
CURRENT @ Tp AMPERES NOMINAL Ip 3.1
TORQUE SENSITIMITY D._'{—INHAMP +10% Kt 32.0
BACK EMF COMSTANT VOLTS/(RAD/SEC) +10% Kg 0.226
INDUCTANCE @ 1 _KHz MILLIHENRY +30% L 8.0

MOTOR PARAMETERS * UNITS SYM | JaNe

PEAK TORQUE 0Z-IN_ Tp 100
MOTOR CONSTANT 0Z—INAJwarr Ki 13.5
ELECTRICAL TIME CONSTANT MILLISECOND T 1.43
MECHANICAL TIME CONSTANT MILLISECOND T 1.49
FOWER "R @ Tp WATTS Pp 53.8
DAMPING FACTOR (ZERQO IMPEDANCE) 0Z-IN/(RAD/SEC) Fo 1.29
ROTOR INERTIA OZ—-IN SEC Jy 1.923x10-3
THEDO. NO-LOAD SPEED @ 24 VDC RAD/SEC Wo 106
THEQ ACC @ Tp FE.n'h[JI,f"SEE2 25 5.2x10 4
THERMAL RESISTANCE ‘C/WATT _E'TH 5.2
M AKX ALLDWABLE WINDING TEr'.-'IF’I "C TEMP 155
NL.IMEEH OF FHASESMNDING TYPE 3
NUMBER OF POLES 12
WEIGHT oZ Wy 7.5
*  25'C AMBIENT

DIRECTION OF ROTATION
CW VIEWED FROM LEAD SIDE
o 90" 180" 270 360 4507 S40° 630"
PHASE A PHASE B PHASE C PHASE A PHASE B
0 8 (S0 A 0 O
I f’l\/l‘\ BEAE RN
i Y 4 L5
\ A \<f A
,0'! a 5 /\ .’f \ \\
b A £ b NS

i \v/ S
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