EXAMPLE 1 "Delta Winding" Sine / Sine and Sine / Square Evaluation.

Conversion factors:

ounce_in := 7.06155181-10" °>N-m

INm = 141.6119 ounce in

milli == 1073

pi=10"°

d
kg-m2 =141.61 190unce_in-s2 krpm := 104.72-i rev:= 2-m-rad
S
rad krpm
kp = kgf = kilopond force = kg force 1= =0009 krpm =000
kp = 35.274-% kgf = 9.80665N N =0.101972kgf
g
22046 3327360z _ rms = 1 pi=1 rms and peak
1-kg lkg abbreviations
N-m ounce in .
l.— =141.6119 ———— Kt units
A
1 v = 104.72L Ke units
rad krpm
S
1 N 67,4327 u- N'm D units (mech friction torque)
krpm rad
S
Motor Example BEI DIP24-11-001A
Datasheet Parameters [See Vendor Specifications on Page 9]
The motor winding is Delta, and both sinusoidal and trapazoidal
commutation parameters are listed.
Sinusoidal Specifications:
Ryp = 34.9-Q Ly == 38.3-milli-H Iv = 0.00176-0unce_in-s2 P:=28 T, = 1.1'milli-s
. Ty = 2.52-milli-s
ounce_in Vp m
K, = 53.71-———— = 0.438-
Tp Ap Kepop rad
S
) ounce_in ) V-rms
Ktims = 75.96- Arms Kepprms = 0.310- ad
S
Ky = 10_5.—°u\1}‘£—m ONL 187Vims = 60.32.72d No Load Speed @ 18.7 Vrms
W - s
rad .
op = 47.12.— Speed @ 10 ounce_in and 18.6 Vrms.
S
rad .
o= 9— Speed @ 38 ounce_in and 18.0 Vrms.
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Conversions to Sl Units

Verification Sine / Sine row

N-m .
Kp, =0.3793 — (Ais peak current) Ky
A-p == AttachmentA, Chart1 Col. 2
KTp
N-m .
Kpms = 0.5364 (Ais rms current)
A-rms Ke(bd)rms 1
= T AttachmentA, Chart 1 Col. 4
Vp Ke¢¢p 2
= 0.438 restated
Kepop ad
s KTp 3
=Y AttachmentA, Chart 1 Col. 1
V-rms restated K, 2
Ke¢<|)rms = 0.310: ddp
rad
S
N-m Keprms =1 Attachment A, Chart 1 Col. 3
Ky = 0.0741 ﬁ Krms 3
Let
Ty = 12.4283 p-kg m?
KTpSS = KTp Krmsss = Krrms Ke(l)(l)rmsSS = Ke(l)(l)rms
Figures of Merit - Calculated
Stall Torque
V(I)(l)rmstest = 18.6-V-rms
V(I)(l)ptest = \/EV(M)rmstest V(I)(l)ptest =26.3044V
From (100) 2 V¢d)ptest 2 V¢¢ptest
" " =— K (40) 1 = I =0.8703 Ap
Page 13 Tstall Tp dopstall dopstall
9 V3 Ry V3 Ry
Lpgpstatiss = Lyppstall
Tgtal = 0.3301 N'm Toan = 46.7441 ounce _in ~ continuous stall torque
Spec'd at 46.1 ounce_in
No load speed @ 18.7 Vp with a 155 deg C winding
temperature
V, = 18.7-V-rms
dgrmstest2 V¢¢ptest2 = \/E'V<|>¢rmstest2
V
. ddptest2
Using (42 = d .
g (42) ONLT Kepip onp; = 60.3785 % Spec gives 60.32 rad/s Checks
Speed -Torque Curve
No load voltage test values: All Check
— V. V
Vogrms1 = 18.7-V-rms oy = —2el ot = 603226 24
Ke(bd)rms S
V¢¢rm52 = 18.6-V-rms Vd)¢rm52 rad
ONL2 = N2 = 60—
Ke(bd)rms S
V¢¢rms3 = 18.0-V-rms
oy = P ongs = 58.0645 24
V(bd)p _ V(bd)rms NL3 -— Ke(bd)rms NL3 — . s

Per (42) Keppp  Keporms
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Torque test values

T := 0-ounce_in

T, := 10.0-ounce_in

15 := 38-ounce_in

Speed - torque slope, Rm

Using (44) Rpss == ﬁ

11 =0Nm
1, =0.0706 N-m
13 = 0.2683 N-m

Rop

rad

3 R s
'ER b — 181.7646 —
2 Ke(bd)rmsSS'KTrmSSS N-m
Speed test points
Using (46)
rad
O] = ONL] — RmSS'Tl o = 60.3226 —
S
rad
Wy = ONL2 — RmSS'TZ ®y = 47.1523 —
S
rad
O3 = ONL3 — RmSS'T3 w3 = 9.2431 —

S

T := 0-N-m,(0.03-N-m).. 0.33-N-m

Plot w2 vs ©

rad

R,ss = 181.9394 ——

N-m

Alternate form for Sine / Sine

All Check
Specis o, = 60.32-@
S
Specis o, = 47.12-@
S
Specis @, =904

S

Define range variable

Speed Torque Curve o,(1) = onis — Rypss T Equation (46)
60
40
mz(r)-%d 20
0
0 0.05 0.1 0.15 02 0.25 03 0.35
T-N-m
0(0-N-m) = 6024 mz[rza”j - 2997224 (T ar) =0 %

S

PAGE 3 of 10

S



Load Power as a function of torque:

(O]
PLTss(r) = —( Nsz-rz + ON[2T See Revisit (46) Page 10

Tstall

Prrss(t)-W

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

OT
Tstall Tstall ONL2
Prrss| —— | = 49513 W Sl 2 49513 W Checks
2 2 2
® = 0-@, 0.1-ﬂ . 60-ﬂ Define range variable
S S S
Load Power as a function of speed: Tstall -
P PLrss0) = -] —— |0 + Tyqr® See Revisit (46) Page 10
ONL2
6
4
Prrss(w)
2
0
0 10 20 30 40 50 60
(0]
Tstall -
Using (27) 3 2 . . =
= —= . with the argument solving for |
Y e R ? gforiéd —2 = 03077 A-rms
KTrms
Pres = 4.9561 W
USing (14) + (15) PLTSS = 49513W PRSS = 49561 W
Tstall
P ONL2 Tstall i 2
™= 5 2 | Komess P =9.9074 W Pi1ss + Pres = 9.9074 W Checks
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Using (48)

2 KTrrns
— |Z. . K .
Kuss = 3 \/R— Kyss = 0.0741 N0 Ghecks 2.2 74 N Checks
0 N V3 Ry W
. Using (54) L
Using (52) 3 Ryylu . Lo
TmsSS = —— R,
" 2 Keppp Krpss b
= illi- Ryy-J
Tmss = 2.2612 milli-s Tinss = E& Using relationship in Attachment A, Chart 2, Col. 9
2 Ke(bd)rms'KTrms
Tmss = 2.259milli-s T, = 1.0974milli-s  Checks
g, =2.52milli.s  **Different  Published; typo?.
. N-m
Find KTpSS'Ke<|>¢p =0.1661 Q- ad
s
From Attachment A Chart 1 Col. 5 From Attachment AChart2 Col 10
K ’ N N
TrmsSS ‘m ‘m
5 - 0.1661Q-— Krimsss Kepormsss = 01663 Q- —
N N

Both Check.

Resistor power calculation using the Motor Constant, KM,

_ T

2
P = (K_Mj Derived from definition (102) "Page 15"

Tstall
2

Km

Prss =

Prgg =4.9547TW Checks
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() T
Load power equation verifications. PLrss ZLZ ( S;”j =49513W (r-o)
From (25a) 3 ONLa Tsz‘a“ T sztall
PLTSS = _Ke(M) (—j with |¢¢p calculation I¢(|)pSS = —
2 P2 Krpss Krpss
Pl 1gs = 4.9519W Acceptable Check Togpss = 04352 A-p
From (25b) Tsztall
Tstal . .
onis 2111 with lpdrms calculation Lpprmsss = "
Pi1ss = V3 -Kepormsss- : TrmsSS
2 KTrrnsSS
P, ree = 4.9563 W Acceptable Check Tpprmsss = 0.3077 A-rms
LTSS
I
dprmsSS _ 1 Verifies (A11)
lyppss 2

Squarewave Calculations:

To this point all parameters and figures of merit are dead on
except for the mechanical time constant.

V-p ounce_in —
Kegop = 0.438 Keppp = 02.026 ————— = Ky BEIl assumes KTp=Ke¢dp
b rad bov Ap P which is not true!
S
From (A16)
3 L
== N- Verifying Attachment A, Chart 1, Col. 1.
Krpsq 1= — Koot Krpso = 0.4183 —— erifying A
P for Sine / Square row.
RygJ
From(33) = 150 := e TisQ = 23677 milli-s
Krpsq Kepgp

This is slightly slower than a pure sinewave drive.

Tmss _ 2.259-milli-s

TmSQ 2.37-milli-s

0.9549

3 |w
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Sine / Square Parameters

3 |3
(A18) KTrmsSQ = ;'\/;'Keqxpp

3
KTrmsSQ = \/; KTpSQ

3
KTrmsSQ = ; \/3 ’ Ke¢<|)rms

Krpsq =
ounce_in
Krmsso = 72:6095 == \hich is expected
Since
Krpmss = 0.5364-—
TrmSS Acrms
N-m
Kimsso = 0.5127
A-rms ounce_in
Krmsss = 75.96 ————
A-rms
K
T30 09559~ 3/x
KTimsss
Biso gy~ 23
Krpss T
Figures of Merit - Calculated
From Spec Sheet
Stall Torque
Using (101) VipoptestsQ
"Page 14" TstallsQ = R—dxb' TpSQ

TstalisQ = 0.2697N-m TstalisQ = 38.1858 ounce in

Lpgpstanisq = 0.6447 A-p

Specis 0.65Ap

No Load Speed
VoiptestsQ
Kepip

From (42) ONLSQ =

KepprmssQ = 03097

Kimsso = 0.5123

Kimsso = 0.5123

Krmssg = 0.5127

Verification Sine / Square row

V-rms

rad

S

AttachmentA, Chart 1 Col. 4

N-m AttachmentA, Chart 1 Col.1 X Col. 2
A-rms
i AttachmentA, Chart 1 Col. 2
A-rms
N-m AttachmentA, Chart 1 INV (Col.3 )
A-rms
N-m
04183 —
A-p
K .
LrosoRebtn _ ) g9 AttachmentA, Chart 1 Col. 5
T 2 2
;g TrmsSQ
J3
=5 KrpsaKepep
=0.9991 AttachmentA, Chart 2 Col 10

KTrmsSQ' Ke(bd)rms SQ

Verify (A27)

Verify (A26)

V(I)(l)ptestSQ = 225Vp

I _ TstallsQ
- dopstallSQ ‘=
Using (41) psta Krpso
Note that the spec is written as
Checks Current at tp; Voltage @ <p.
L, Vp
rad

onLso = 513699 —

S
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Using (49) Krpso
Kmsq =
Ryy
Kyisq = 0.0708 -2 Kyso = 10.0261 2 Checks 2 reduction
VW VW T
ALSO 2 Krmsso 0.0709 N-m AttachmentA, Chart 2 Col 7
Py - Checks Sine / Square row
3 Ry JW q

Note we want to use the SS values for Stall torque /2 and the No Load Speed /2 so a direct
compaison can be made. As RmSS < RmSQwe adjust V¢p so the two curves intersect at this

point.
Fotall . R Match!
- |2 RSQ = oo
Prsq Kyisg ) Prsq =354341W Krpso ‘RsQ = 54341 W
Note the ratio of resistor power loss from a sine drive to a squarewave drive.
Prss = 4.9547W
For the same torque. = 09112823
Prsq = 54341 W
Prss Prss  _
=09118 =0.9546 ~3/x To be expected!
Prsq Prsq
Load power equation verifications.
Ry rad From (46)
Using 45)  Rpgq= ——— s _ OnL _
Ked)(bp'KTpSQ RmSQ =190.5048 Nom 0 = ) ® = ONLx — RmSQ'T
Tstall
ONLx = O + R VioaptestsQ = ONLx Keogp
So
rad Tstall .
oONLx = 61.4415 — T = 5 Voptestsq = 26.9114 V-p  To match SS speed-torque point.
S

From (32a)

PLrsg = 49513 W

From (32b)
3 T
Prrsq = = V3 -Kepprms @ ———
n KTmssQ
P1sq = 49513 W
I(ﬁ)d)rmsSQ
— =0.8157
Lpops@

Pirsg = (0)1=49513W
s = ——

with lopdp calculation KpsQ

Check I(I)(I)pSQ =0.3946 Ap

T

LpgrmssQ =

with lpprms calculation KrrmssQ

Check LpgrmssQ = 0-3219 A-rms

2 Verifies (A17)
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BEI DIP24-11-001A

WINDING CONSTANTS * UNITS TOL SYM | woc A
VOLTAGE @ Tp VOLTS NOMIN AL Vo 22.5
CURRENT @ Tp AMPERES NOMINAL Ip .65
TORQUE SENSITIVITY OI—WAMF +10% K1 62.0
*  25'C AMBIENT & TRAPEZOIDAL COMMUTATION

WINDING CONSTANTS * UNITS TOL SYM | woe A
DC_RESISTANCE OHMS +12.5% R 34.9
CURRENT @ Tp AMPERES NOMINAL Ip 74
TORQUE SENSITIVITY (PK) Dg—INfAMP +10% Kt 53.71
TORQUE SENSITIVITY (RMS) 0Z—IN/AMP +10% 79.96
BACK _EMF CONSTANT (PK) VOLTS/(RAD/SEC) | +10% Kg 438
BACK_EMF_CONSTANT (RMS) vous%ﬁanésﬁc) +10% 310
INDUCTANCE MILLIHENRY +30% L 38.3
¥ 25'C AMBIENT & SINUSOIDAL COMMUTATION

MOTOR PARAMETERS * UNITS SYM | val:
PEAK TORQUE 0Z-=IN Tp 120
CONTINUOUS STALL TORQUE ** 0Z=IN Tcs 46. 1
MOTOR CONSTANT 0Z—IN/Awarr K 10.5
ELECTRICAL TIME CONSTANT MILLISECOND T 1.10
MECHANICAL TIME_CONSTANT MILLISECOND Ty 2.52
POWER .75 IR @ Tp WATTS Pe 14.6
DAMPING FACTOR (ZERO IMPEDANCE) 0Z-=IN/(RAD/SEC) Fo 67
BREAKAWAY TORQUE 0Z=IN TF .99 MAX
ROTOR INERTIA . 0Z—-IN SEC? Jiy 0.00176

| THEO. NO-LOAD SPEED ®@ 18.7 V(RMS) | RAD/SEC WL T 60.32
SPEED @ 10 OZ—=IN & 18.6 V(RMS) RAD/SEC L1 4712
SPEED @ 38 0Z—IN & 18.0 V(RMS) RAD/SEC wL2 9.0
THEO ACC @ Te RAD/SEC 2 23 22727
THERMAL RESISTANCE (HOUSED) “C/WATT Oy 4.5
MAX ALLOWABLE WINDING TEMP e TEMP 155
NUMBER_OF PHASES/WINDING TYPE 3/4
NUMBER OF POLES 8
WEIGHT 0Z Wy 9.3
*  25'C AMBIENT & SINUSOIDAL COMMUTATION
*+  25'C AMBIENT AND 155'C WINDING TEMPERATURE
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Revist (46) m(r) =onL — Rt

_ ONL
m =
Tstall
Let
ONL
o= (Tstall - T)'
Tstall
_ O Tggall,
T = Tstall —
ONL
Since Pir=10
(¢) = DNE) 2 Load function of load t
P rlt) = T+ ONL'T oad power as a function of load torque
Tstall
( ) _ | Tstall 2 L funch ¢
Prrlo) =- O+ T ® oad power as a function of speed
ONL
MAX Power when
_1 q _1
T _E'Tstall an (o -E-(ONL
How to find --

Take derivatives of above and set equal to zero and solve for t and o which yield the
maximum power.

d ONL | 2 _ ONL
—| - T+ ONLT = -2 T4+ N, =0
dt Tstall Tstall
Solving for t
9 Tstall
T -
2
d Tstall | 2 Tstall _
|7 "W+ T @ = —2- W+ Ty = 0
do| \ oNL ONL
Solving for ® ONL
w=—
2
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