EXAMPLE 3 "Delta Winding" Square / Square and Square / Sine Evaluation.

Conversion factors:

ounce_in := 7.06155181-10" *N-m INm = 141.6120unce_in  milli:= 10> p:=10"°
2 .2 rad
kg-m” = 141.612 ounce_in-s krpm := 104.72.— rev:= 2-m-rad
S
rad krpm
kp = kgf = kilopond force = kg force b= =00l krpm =000
kp := 35.274-% kgf = 9.80665N N =0.101972kgf
g
220466 _ 35.2736-0z _ | ms = 1 pi=1 rms and peak
1-kg lkg abbreviations
N-m ounce in .
l.— =141.612 ———— Kt units
A
1 v = 104.72L Ke units
rad krpm
S
| MR 67.433 N'm D units (mech friction torque)
krpm rad
S
Motor Example Kollmorgen TBM-6013-A
Datasheet Parameters [See Vendor Specifications on Page 9]
The cold specifications are used..
Squarewave specified parameters:
- ~5 2
Ryp = 0.804-Q2  Lyy = 0.39-milli-H Jy=141-10 “-kg-m P:=12

Krooo = 008750 Ky, = 0087 P
TpQQ -~ Y- Ap dop -~ - rad
S
N-m ounce in
KTrmsQQ = 0.107 KTrmsQQ =15152————
A-rms A-rms
V-rms V-rms
Ke(l)(l)rmsQQ = 6.44. o Ke(l)(l)rmsQQ =0.061 ad

S

Kyjoq = 0,097 20
MQ = 0.097—
W
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KTp = Kepgp Checks

Checks

1 .
?? assumes a T conversion
2

Which is Not true.



Conversions to Sl Units

Verification Square / Square row

3 N-m
Krmsoo = j; Krpog = 0.10655 A-rms AttachmentA, Chart1 Col. 2
3 N-m
KrrimsQQ j;.Ke¢¢p =0.10655 y— AttachmentA, Chart 1 (Col. 1 x Col 2)
Krp0o _ AttachmentA, Chart 1 Col 1
Kepop

5
KepormsQQ = T'Ke¢¢p

1 10
=— /—-K
KepormsQQ R TrmsQQ

~ 0,065 S
Kepprmsqq = 0- d
S
Figures of Merit - Calculated
Stall Torque
Vipiptest = 3.83526-V-p Solved for Vpdp from Spec.
V V,
doptest ddptest
From (101) TstallQQ = ‘Krpoo 1) Tygpstalioo = R Lygpstanioq = 477 Ap
"Page 14" Ry o0
0.415N 58.77 i 1 CetallQ
T = U. ‘m T = . ounce mm =
stallQQ stallQQ - ddprmsstallQQ KTr[nsQQ I¢¢rmsstallQQ =3.879 A-rms
I
_pormsstallQQ_ ) 013 ~ 2 AttachmentA (A5)
LpgpstallQQ 3
V(I)(l)ptestl = 1285Vp
V¢¢ptestl K
T =—
stallPeak Ry TpQQ Tallpeak = 1.39N-m Checks
V¢d)ptestl 25deq C
LppstallPeakQQ = R LppstallPeakQQ = 15983 A-p @ eg
)
No load speed @ 2.856 Vrms
J5 rms
. V,
\Y =V —_—— : doptest
ddrmstest dptest Usmg (42) o = rad
3op M K e ONL1 = 44.083 =
V¢¢rmstest =2.859V Vd)(brmstest rad
[N 5 IR — ONL] = 43.899 — ~ Match
KepprmsQQ s

Ke¢¢rmSQQ = 0.065

V-rms

rad

AttachmentA, Chart 1 Col 4
rad This is the correct value!
S

AttachmentA, Chart 1 Col 3
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Speed -Torque Curve

R¢¢ rad
From (45) Rpog= ————— s
QQ - — L
R rad
_ 3 00 s AttachmentA, Chart 1
Eﬁ =105.337 o close enough Inverse (Col 5
TrmsQQ
Speed-Torque test points
Torque test values:
7 = 0-ounce_in T =0Nm
T, = 15-ounce_in T, = 0.106 N-m
T3 = 40-ounce_in 73 =0.282N-m
ing (4
Using (46) rad
®) = ONL] — RmQQ'Tl o = 439T
d
Wy = ONL] — RmQQ'T2 ®y = 3265i
S
rad
®3 = ONL] — RmQQ'T?a w3 = 139T
7 := 0-N'm, (0.03-N-m).. 0.42-N-m Define range variable
Plot o vs ©
Speed Torque Curve 0y(1) = onL1 ~ Rmoo'® Equation (46)
60
40
x4 20
S
0
20 0.1 0.2 0.3 0.4 0.5
T-N'm
rad TstallQQ rad ® ('c ) =-0 rad
©,(0-N-m) = 43.899 — 0 — =21.857— 2\ 7 stallQQ s
S S
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Load Power as a function of torque:

ONL1 2
PLTQQ(T) = ‘T + ONLI'T

TstallQQ
6
4
PLTQQ(T)'W 2
0
2 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
T
o't
Tstall Tstall ONL1
PLTQQ(M—QQJ = 4555W Y 4555w Checks
2 2

®:=0—),

Load Power as a function of speed:

rad (0.1-ﬂ)..44-ﬂ

Define range variable

S S S

ONL1

TstallQQ 2
PLTQQ((D) = —( j ‘W + T stallQQ’ (O]

Prrgo(e) 2

TstallQQ
Using (30) 2
Proq = | 7| Rey
Krpoq
Prog = 4.574W
Using (23) + (24)
TstallQQ
P ONL1 TstallQQ LR 2
= . o

15 20 25 30 35 40 45

TstallQQ
2

Lpgpstal2QQ == ———

with argument for lo¢
Krpoo

I¢¢pstaIIZQQ =2385Ap

Plrgqi= 45546 W  Ppog=4.574W

PT =90.128W PLTQQ + PRQQ =90.128W Checks
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Using (49)

K, = m N-m ounce_in
MR R Kyqq = 0.097— Checks Ky = 13.74 ———— Checks
o VW JW
Kugg = |20 Kyigq = 0.097 2
MQQ = |3 MQQ = V- Using Attachment A, Chart 2 Col 7
3 Ry JW 9
Going forward Kmoq = 0.097-E
NI
Using (53) R gp-Im Using (54) Ly
TmQQ =T o~ = N lished val
Kepop KTp00Q Te! R, o publishe ues
TmQQ = 1.498milli-s Te = 0.485milli-s
. N-m
Find KTpQQKe(M)p =0.008Q2 ad
S
From Attachment AChart 1 Col. 5 From Attachment AChart 2 Inverse [Col 10]

2 2 N-m 6 N-m

—K =0.008Q2- K . =0.008Q2

5 KrmsQq d 5 Krmsqq KepormsQQ -

S S
Both Check.

Resistor power calculation using the Motor Constant, KM,

_ T

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

TstallQQ

Prog = Prog =4.576 W Checks

Knmaq

TstallQQ
2

Proo = Ry =4.574W

Krpoa

TstallQQ
3 2

I
I
=
g

= 4.574W
KrrmsQo
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. v L o Tstall
Load power equation verifications. P 100 ZLI ( = QQ) =4.555W (t-0)
From (28a) ONL Tste;lQQ | . Tstazqu
Pr1og = Kegop'| — | with lpdp calculation lpopoo == ———
2 Krpoo Krpoq
P 1o = 4.555W Acceptable Check lpgpoq =2-385A-p
From (28b) TstaizllQQ

with lpgrms calculation  Tyyi0q =

TstallQQ -
. 9 ONLI 2 KrmsQQ
Prrqo = V3 E'Ke¢¢rmsQQ' 5 )

KrmsQQ
I¢¢rmsQQ =1.939A-rms

Pi1oq = 4.555W
Acceptable Check lormsQQ 2 (A5)
Id)(prQ 3 OK<O5%

Sinewave Drive & Calculations:

V-p ounce in . . .
= 0.087-—— =1232———— Ke is invariant for drive
Keoon ad Kepop Ap 0P
S
From (A22) Verification Square / Sine row
2
=2 2 V-rms
Kepprmss = =) {3 Keotp Kepgrmsos = 0.065 Attachment A, Chart 1, Col. 4.
rad
N
3 N-m
Krpos = \/j “KepormsQs Krpos = 0.079—— Attachment A, Chart 1 INV[Col2 x Col 3]
2 A-p
INV = Inverse or reciprocal.
32
Kpes = (;) “Kegp Krpos = 0.079 N'm AttachmentA, Chart 1 Col 2
A-p
Krmsos = V2 Krpos Krmsog = 0.112— AttachmentA, Chart 1 Col 1
A-rms
N-m

AttachmentA, Chart 1 INV[Col 3]

K =4/3- K =0.112
TrmsQS \/_ Ke¢¢rmsQS TrmsQS A-rms

NEA 0112 m
Kamsos = | - V2Kawp  Krmsos = 0. — Attachment A, [Col 1 x Col 2]
N-m N-m
KTrmsQQ = 0.10655- F— KTrmsQS =0.1122 Ja—
K 6
—B 1053 = /3 =1.053 Checks (A30)
KTrmsQo 2
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Vogptest = 3-835V-p

From (48) K 2 Komsos
MQS 3 \/R_cbd)
Note also that
2 Krpos
Kyos = —=
V3 Ry
Using (100) "Page 13"
2 Vd)¢ptest
TstallQS = — ="~ "TpQs
V3 Ry
From (42)
O - V¢d)ptest
NL =
Kepop
Using (44)
3 R
Rygs = L[ — R0
2\ KrposKepgp

ounce in

Kyios = 14.468 u—W—
K 0.102 m
MQS = Y- \/—
w

ounce in

Kymgs = 14.468%

T stallQS = 0.437N-m

rad
(DNL = 44083 T

rad

S

j Rmgs = 10088 ——

Note the increase in Motor Constant
due to increase in efficiency.

AttachmentA, Chart 1, Col 2
relationship.

Stall torque increases

NO Change

Slope decreased

Note we want to use the QQ vallues for stall torque / 2 and no load speed / 2 so a direct comparison can be made.

As RmQQ > RmQS we adjust Vdop so that the two speed torque curves intersect at this point.

_ TstallQQ a ONL1 rad
=T 1, = 0.208N-m = o, =21.95—
S
. rad
US|ng (46) ONLx = O + Rsz'TX ONLx = 42.883 —
S
VipaptestQs = ONLxKepop Vioptestos = 3.731V-p To match QQ load power
Resistor power with sinewave drive.
2
Using (38) P 3 R Tx
RQS - 2 o K-Tmsos Pros = 4.125W
with  Ppoq =4.576 W
P P .
RO 1109 R o3~ 83 053 Checkswith (A30)
Pros Pros n’
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Load power check

(36a)
3)? Ty
Prros = | = | Keggp x| —
T Krpos PLrgs = 4.555W
(36b)
‘[’-X
Prros = \/§'Ke¢¢rmsQS'mx' E—
KTrrnsQS
PLTQS = 4555W
TX
Typoos = ——
$opQ KTPQS I¢¢pQS = 2616Ap
TX
| L
0rmsQS Ktrms0s Tpprmsqs = 1.849 A-rms
I¢¢PQS - _\/E (A23)
LpprmsQs
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TBM(S) 60 Series Performance Data and Motor Parameters

e e

Cantinuous Sl lorqua®
—- -——'
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1) Continunus Stall Feur and Rsted Power tssuma smbient emgembane ol 250
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5] Soene Peak and Continuous Torgues may bo bmited by lead wie gauge
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