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Hollow shaft motor/encoder

Description:

The CM-6000 is a high performance brushless DC
motor with integral optical encoder characterized by
a very high toque to inertia ratio. Five different sizes
with three different winding voltages are standard.
For different motor characteristics, please contact
the factory.
The motor was specifically designed for high speed,
high resolution positioning applications and is
available with the following encoder configurations:

- ultra low distortion incremental sine/cosine,
specifically designed for use with interpolators,
yielding up to 144 million measuring steps
- digital incremental up to 18,000 c/r (72,000
measuring steps)
- digital incremental with built-in interpolation from 

225,000 c/r (900,000 measuring steps) to
2,250,000 c/r (9 million measuring steps)
- up to 22 bits absolute in serial output format

Applications include semiconductor robots, turret
scanners.

Ordering information:

CM-6000-(1)-(2)-(3), sine/cosine output
(1)= motor size, see motor spec sheet
(2)= winding number, A=48V, B=150V, C=300V
(3)= linecount. Standard linecount : 9,000 c/r

CM-6050-(1)-(2)-(3), digital incremental output
(1)= motor size, see motor spec sheet
(2)= winding number, A=48V, B=150V, C=300V
(3)= linecount. Standard linecounts: 1,000; 2,000;
3,600; 7,200 9,000 & 18,000 c/r

CM-6050-HHC-(1)-(2)-(3), digital output with integral
interpolator
(1)= motor size, see motor spec sheet
(2)= winding number, A=48V, B=150V, C=300V
(3)= linecount. Standard linecounts: 225,000;
281,250; 450,000; 562,500; 900,000; 1,125,000;
1,800,000 & 2,250,000 c/r

For absolute output, please consult factory.

CM-6000 series, 6” brushless DC , 3.5” ID through shaft

3.497” to 3.503”
100 lbs axial, 50 lbs radial
.0004" T.I.R.
4.5 oz.in max  @20°C
continuous,reversible
2,500 RPM max
416 stainless
aluminum (stainless optional)
manufacturer's specs

operating: -20°C to+90°C

50 G's @ 11 ms
5-2,000 Hz @ 20 G's
98% without condensation

shaft ID:
shaft loading:
shaft runout:

starting torque:
shaft rotation:

shaft speed:
shaft material:

housing material:
bearing life:

temperature:

shock:
vibration:
humidity:

Mechanical Data:

10-32 UNF-2B
6 places eq. sp.
on a Ø 6.250" BC

10-32 UNF-2B
6 places eq. sp.
on a Ø 3.900" BC

Ø 4.325" through shaft OD

Ø 3.497"
    3.503"
through shaft ID

Ø 6.700"

overall motor
length

encoder
cable exit

motor
cable exit

1.025"

0.700"

0.200"

"L" 

overall motor length “L”:
-1 = 3.6”
-2 = 4.23”
-3 = 5.21”
-4 = 6.2”
-5 = 7.18”
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Hollow shaft motor/encoder
CM-6000 series, 6” brushless DC , 3.5” ID through shaft

Motor specifications size constants @ 25°C ambient:

parameter symbol unit -1 -2 -3 -4 -5

maximum rated torque Tr lb.ft 14.3 37.5 86.8 130 172.6
@ temperature rise of 80°C Nm 19.4 51 117.7 176.2 234.1
maximum continuous stall torque Tc in-oz 2.5 6.7 11.2 15.7 20.3
@ temperature rise of 80°C Nm 3.5 9.1 15.3 21.3 27.6
motor constant Km lb.ft/ W 0.33 0.73 1.07 1.38 1.64

Nm/W 0.44 0.99 1.46 1.88 2.23
electrical time constant Te ms 2.13 3.50 3.56 3.89 4.08
mechanical time constant Tm ms 5.05 2.75 2.54 2.29 2.17
thermal resistance* TPR °C/Watt 1.25 0.85 0.70 0.60 0.50
maximum cogging torque Tf lb.ft 0.25 0.62 1.17 1.81 2.39

Nm 0.33 0.84 1.59 2.18 3.24
viscous damping Fi lb.ft/rpm 0.5E-4 1.4E-4 2.8E-4 4.3E-4 6.0E-4

Nm/rpm .67E-4 1.9E-4 3.8E-4 5.9E-4 8.2E-4

number of poles Np p 24 24 24 24 24

inertia Jm lb.ft.s2 1.5E-4 4E-3 8E-3 12E-3 15.8E3
Kg.m2 2E-3 5.4E-3 10.8E-3 16.2E-3 22E-3

weight Wt lb. 5 12 24 35 57
Kg 2.25 5.5 10.8 15.75 25.6

Winding constants @ design voltage Vp = 48 V, “A” winding:

peak torque, ± 25% Tp lb.ft 14.3 37.5 86.8 130 164
Nm 19.4 50.9 117.7 176.2 225.5

peak current, ±15% Ip Ampere 56.1 130.5 163.8 218.1 207.2
torque sensitivity, ±10% Kt lb.ft/A 0.253 0.288 0.530 0.596 0.792

Nm/A 0.343 0.390 0.718 0.808 1.074
no-load speed Snl rpm 1293 1136 617 549 413

rad/s 135.4 119.0 64.6 57.53 43.25
voltage constant Kb V/krpm 35.96 40.8 75.23 84.58 112.46

V/rad/s 0.343 0.390 0.718 0.808 1.074
terminal resistance, ± 12% Rm Ohm 0.584 0.154 0242 0.184 0.232
terminal inductance, ±30% Lm mH 1.250 0.54 0.861 0.716 0.946

Winding constants @ design voltage Vp = 150 V, “B” winding:

peak torque, ± 25% Tp lb.ft 14.3 37.5 86.8 130 172.6
Nm 19.4 50.9 117.7 176.2 234.1

peak current, ±15% Ip Ampere 27.7 65.2 131.0 145.4 145.3
torque sensitivity, ±10% Kt lb.ft/A 0.519 0.575 0.662 0.894 1.188

Nm/A 0.703 0.780 0.898 1.212 1.611
no-load speed Snl rpm 1973 1775 1544 1144 860

rad/s 206.7 185.9 161.7 119.8 90.14
voltage constant Kb V/krpm 73.63 81.67 94.04 126.87 168.69

V/rad/s .703 0.780 0.898 1.212 1.611
terminal resistance, ± 12% Rm Ohm 2.52 0.615 0.360 0414 0.521
terminal inductance, ±30% Lm mH 5.24 2.15 1.346 1.612 2.125

Winding constants @ design voltage Vp = 300 V, “C” winding:

peak torque, ± 25% Tp lb.ft 14.3 37.5 86.8 130 172.8
Nm 19.4 50.9 117.7 176.2 234.1

peak current, ±15% Ip Ampere 17.7 48.7 81.9 109.0 109.0
torque sensitivity, ±10% Kt lb.ft/A 0.808 0.767 1.060 1.191 1.584

Nm/A 1.096 1.040 1.437 1.615 2.148
no-load speed Snl rpm 2533 2663 1930 1716 1291

rad/s 265.3 278.9 202.1 179.8 135.22
voltage constant Kb V/krpm 114.70 108.9 150.46 169.16 224.92

V/rad/s 1.096 1.040 1.437 1.615 2.148
terminal resistance, ± 12% Rm Ohm 5.93 1.084 0.988 0.736 0.926
terminal inductance, ±30% Lm mH 12.71 3.83 3.445 2.865 3.783
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Hollow shaft motor/encoder
CM-6000 series, 6” brushless DC , 3.5” ID through shaft

Encoder specifications

Motor excitation sequence and
"Hall" switch output

Motor wire color code:

red phase A
white phase B
black phase C

"Hall" switch color code:

brown C1
orange C2
yellow C3
blue + 5V to + 24V
green ground

0° 45° 90° 135°

360°

+ Vp

-Vp

0

channel A

channel B

peak to peak tracking : better than 3%

index channel
(TTL compatible)

shown is a typical index channel. 
other configurations are optional.

180° 225° 270° 315°

Vp is customer specified within the 
constraints of the power supply 

jitter

one full A and B cycle

φ

sine/cosine:

power supply:
output format:

output:
frequency response:
absolute accuracy of

zero-crossings:
distortion:

± 5 Vdc @  60 mA max.
A/B sine/cosine, incremental
default Vout = ± 0.5 V , zero-centered
flat up to 100 kHz

± 12 arcseconds typ.
less than 5% (Rmax/Rmin)

+ 5Vdc ± 10% @ 100 mA max (no load)
A/B quadrature, incremental, digital
150 kHz min. @ 85 °C
linedriver 26LS31,EIA std. RS 422 & DIN
66259 compatible

± 12 arcseconds typ.

+ 5Vdc ± 10% @ 250 mA max (no load)
A/B quadrature, incremental, digital
2.0 MHz min. @ 85°C
linedriver 26LS31,EIA std. RS 422 & DIN
66259 compatible

± 12 arcseconds typ.

18, 20 & 22 bits

channel A

channel B

index channel

5% typ

360°
180°±10°90°±30°

90°
270°

channel A inv.

channel B inv.

index channel inv.

digital, incremental:

power supply:
output format:

freqency response:
output:

absolute accuracy of
zero-crossings:

HHC (interpolated):

power supply:
output format:

freqency response:
output:

absolute accuracy of
zero-crossings:

digital, absolute:

0°       5°       10°      15°     20°      25°      30°        (angular position,
                                                                                 mechanical degrees)

  Vab      Vac    Vbc     Vba    Vca     Vcb    Vab     

phase A

phase B

phase C

six step
commutation

commutation
channels 
sequence

motor lead
excitation
sequence

motor
BEMF

red (A)
white (B)
black (C)

C1

C2

C3

+
-

+

-
+
-

-
+

-

+
-
+


