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Stepper Motor System with Medium Torque Drive

Tests performed:
1. Torque versus Regulated Current
2. Maximum RPM
3. Thermal Imaging

4. Current waveforms using 12V, 700mA, 100 RPM

a. Full step, fast decay with synchronous rectification
b. Full step, fast decay without synchronous rectification
c. Full step, mixed decay (DECAY = 1V)
d. Full step, mixed decay (DECAY = 1.3V)
e. Full step, slow decay
f. 1/2 microstep, fast decay with synchronous rectification
g. 1/2 microstep, fast decay without synchronous rectification
h. 1/2 microstep, mixed decay (DECAY = 1V)
i. 1/2 microstep, mixed decay (DECAY =1.3V)
j- 1/2 microstep, slow decay
k. 1/4 microstep, fast decay with synchronous rectification
[. 1/4 microstep, fast decay without synchronous rectification
m. 1/4 microstep, mixed decay (DECAY = 1V)
n. 1/4 microstep, mixed decay (DECAY = 1.3V)
0. 1/4 microstep, slow decay
p. 1/8 microstep, fast decay with synchronous rectification
g. 1/8 microstep, fast decay without synchronous rectification
r. 1/8 microstep, mixed decay (DECAY = 1V)
S. 1/8 microstep, mixed decay (DECAY = 1.3V)
t. 1/8 microstep, slow decay
5. Current ramp rate versus VM
a. VM =8V
b. VM = 12V
c. VM = 20V

6. Current regulation (zoomed-in)

Fast decay with synchronous rectification, torr = 20us
. Fast decay with synchronous rectification, torr = 47us
Fast decay without synchronous rectification, torr = 47us
. Mixed decay (DECAY = 1V), torr = 47s

. Mixed decay (DECAY = 1.3V), torr = 47us

Slow decay, torr = 47s

. taiank = 1.4ps, Fast decay

. teLank = 1.4”3, Mixed decay (DECAY = 1V)

teLank = 1.4us, Mixed decay (DECAY = 1.7V)

teLank = 7US, Fast decay

K. teLank = 7|JS, Mixed decay (DECAY = 1V)

teLank = 7US, Mixed decay (DECAY = 1.7V)
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Recommended baseline settings:
1/8 microstep, synchronous rectification enabled, mixed decay with DECAY = 1V,
lchop = 700MA, topr = 47ps, teiank = 1.4us, STEP frequency = 2.7kHz.

Section 1: Torque versus Regulated Current

Data was collected at 60 RPM, 1/2 microstep, using a magnetic particle brake load. Loading
was increased until rotor stall. These torque values are approximations.

lcHoP Torque
0.5A 29 0z-in 205 mNm
1A 68 0z-in 480 mNm
1.5A 100 oz-in 703 mNm
2A 124 0z-in 876 mMNm
2.5A 141 oz-in 994 mMNm
160 oz-in
140 oz-in /
120 oz-in
100 oz-in
80 0z-in /
60 0z-in /
40 0z-in /
20 0z-in
0 oz-in ‘ ‘
0.5A 1A 1.5A 2A 2.5A
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Section 2; Maximum RPM

Using VM = 12V, 1/8 microstepping, and lcqop = 0.92A:

oS Re

Section 3: Thermal Imaging

Data was collected with VM = 12V, Ichop = 2.5A.

Max=72.3°C
Avg=441°C
Min = 28.4°C
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Section 4: Current waveforms using 12V, 700mA, 100 RPM
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[ azm z00maraiv 1MQ By:120M '_ |-ﬂm 48.0mA | (2.0ms/div 50.0kSls 20.0us/pt |
. i . | Run Sample 1
1128 acgs RL:1.0k
Auto  October 30, 2013 16:

Full step, fast decay with synchronous rectification
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Full step, mixed decay (DECAY = 1V) \
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| & 200mAsdiv 1MQ By:120M J [« / 48.0mA 2.0ms/div 50.0kS/s 20.0ps/pt

Run ET T 1
1 564 acqs RL:1.0k
Auto  October 30, 2013 16:31:19

Full step, mixed decay (DECAY = 1.3V)
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| & 200mAsdiv 1MQ By:120M J [« / 48.0mA 2.0ms/div 50.0kS/s 20.0ps/pt

Run ET T 1
1 696 acqs RL:1.0k
Auto  October 30, 2013 16:31:29

Full step, slow decay
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1/2 microstep, fast decay without synchronous rectification
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[[e® / 48.0maA

20.0us/pt

l

2.0ms/div 50.0kSfs
Run

2 288 acqgs
Aute  October 30, 2013

Sample
RL:1.0k
16:32:14

1/2 microstep, mixed decay (DECAY = 1V)

| @™ 200mAdiv 1MQ By:120M

| - | L
(o™ / 48.0mA 2.0ms/div 50.0kS/fs

20.0ps/pt
Run 1
2 390 acqs

Auto  October 30, 2013

Sample
RL:1.0k
16:32:22

1/2 microstep, mixed decay (DECAY = 1.3V)
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Run
2 536 acqgs

L
| @™ 200mAdiv 1M By:120m |ﬂm S 48.0mA 2.0ms/div 50.0kS/s 20.0ps/pt

Sample 1
RL:1.0k

Aute  October 30, 2013 16:32:33

1/2 microstep, slow decay

WW\WW JJ\(W

Run
2 864 acqs

B Il Il L Il Il L Il Il L Il Il Il Il Il Il L Il Il L Il Il L Il ]
| @™ 200mAdiv 1MQ By:120M (o™ / 48.0mA 2.0ms/div 50.0kS/s 20.0pslpt

Sample 1
RL:1.0k

Auto  October 30, 2013 16:32:57

1/4 microstep, fast decay with synchronous rectification
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1/4 microstep, mixed decay (DECAY = 1V)
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| @™ 200mAdiv 1M By:120m |ﬂm S 48.0mA 2.0ms/div 50.0kS/s 20.0ps/pt

Run Sample 1
3 494 acqgs RL:1.0k
Aute  October 30, 2013 16:34:00

W, gy |
\‘W o I
L
| =™ 200maldiv MO By:120M J [« / 48.0mA |( 2.0msidiv 50.0kS1s 20.0pslpt |
Run Sample 1

3 705 acqs RL:1.0k
Auto  October 30, 2013 16:34:15

1/4 microstep, slow decay
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1/8 microstep, fast decay without synchronous rectification
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L
| @™ 200mAdiv 1M By:120m J |ﬂm S 48.0mA 2.0ms/div 50.0kS/s 20.0ps/pt

4 288 acqs RL:1.0k
Aute  October 30, 2013 16:35:18

1/8 microstep, mixed decay (DECAY = 1V)
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L
| @™ 200mAdiv 1MQ By:120M (o™ / 48.0mA 2.0ms/div 50.0kS/s 20.0pslpt

4 296 acqs RL:1.0k
Auto  October 30, 2013 16:35:35

1/8 microstep, mixed decay (DECAY = 1.3V)
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| & 200mA/div

1MQ By:120M

J ,,nm.umm MM

|ﬂm [ 48.0mA

1/8 microstep, slow decay

2.0ms/div 50.0kSfs

Rur Sample

4 504 acqgs

20.0us/pt

l

RL:1.0

Aute  October 30, 2013 1
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Section 5: Current ramp rate versus VM
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|_- &IB 200mA/div M0 By:120M '_ |_-ﬂm S 132ma \ s00usidiv 200kS/s 5.0ps/pt
i | Rur Sample l
2020 acqs RL:1.0k
Auto October 30, 2013 1

VM = 8V
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| & 200mAsdiv 1MQ By:120M J |[Be=® / 132mA 500psidiv 200kS/s 5.0us/pt

Run ET T 1
2 227 acqs RL:1.0k

Auto  October 30, 2013 16:38:37
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| ™ 200mAsdiv 1MQ By:120M J [ e=® / 132ma 500ps/div 200kS/s 5.0psipt

Run Sample l
2 404 acqs RL:1.0k
Auto  October 30, 2013 16:38:44
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Section 6: Current regulation (zoomed-in)

| &I 50.0mA/div 1ma ENEETD | |mm J-248mA | (50.0us/div 2.0MS/s s00nsipt |
1

849 acqs RL:1.0k
Auto  October 30, 2013 17:54:10

Fast decay with synchronous rectification, torr = 20u
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L
| ™ 80.0mAsiv 1M By:120m J |ﬂm J-245ma 50.0us/div 2.0MS/s 500ns/pt

484 acqs RL:1.0k
Aute  October 30, 2013 16:46:36

Fast decay with synchronous rectification, torr = 47u

L L
| ™ s0.0madiv M0 By:120Mm J [ e® S -245ma 50.0ps/div 2.0MS/s 500ns/pt
546 acqs RL:1.0k
Auto  October 30, 2013 16:46:53

Fast decay without synchronous rectification, topr = 47us
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L
| ™ 80.0mAsiv 1M By:120m J |ﬂm J-245ma 50.0us/div 2.0MS/s 500ns/pt

302 acqgs RL:1.0k
Aute  October 30, 2013 16:44:54

Mixed decay (DECAY = 1V), torr =

R L
| ™ s0.0madiv M0 By:120Mm J [ e® S -245ma 50.0ps/div 2.0MS/s 500ns/pt

368 acqs RL:1.0k
Auto  October 30, 2013 16:45:15

Mixed decay (DECAY = 1.3V), topr = 47uS
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T 80.0mA/div 1MQ By:120M J |ﬂm \_-242mA 50.0us/div 2.0MS/s 500ns/pt

4 160 acqgs RL:1.0k
Aute  October 31, 2013 15:50:03

Slow decay, torr = 47S
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| ™ 200maidiv M0 By:120Mm J [ «® "\ _408ma 200ps/div 2.0MS/s 500ns/pt

Run Sample 1
935 acqs RL:4.0k
Auto  October 31, 2013 14:46:21

teLank = 1.4us, Fast decay




I3 TEXAS
INSTRUMENTS

MW

N

—-—

| @™ 200mAdiv 1M By:120m J |ﬂm \_408mA 200psidiv  2.0MS/s 500ns/pt

Run Sample 1
1 807 acqs RL:4.0k
Aute  October 31, 2013 14:46:42

teLank = 1.4ps, Mixed decay (DECAY
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| ™ 200maidiv M0 By:120Mm J [ «® "\ _408ma 200ps/div 2.0MS/s 500ns/pt

Run Sample 1
3 600 acqs RL:4.0k
Auto  October 31, 2013 14:47:26

teLank = 1.4ps, Mixed decay (DECAY = 1.7V)
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& 200mA/div 1MQ By:120M |ﬂm \_408mA 200psidiv  2.0MS/s 500ns/pt

Run Sample 1
6 971 acqs RL:4.0k
Aute  October 31, 2013 15:17:39

teLank = 7US, Fast decay
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| @B 200mA/div 1MQ By:120M |mm \_408mA 200ps/div 2.0MS/s 500ns/pt

Run Sample 1
6 255 acqs RL:4.0k
Auto  October 31, 2013 15:17:22

teLank = 7“.3, Mixed decay (DECAY = 1V)
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[ &zm z00maraiv M0 §y:120M |ﬂm “\_408mA |[ 200psidiv 2.0msis S00nsipt |
Rur Sample 1
4 327 acqgs RL:4.0k
Aute  October 31, 2013 1 5:52

teLank = 7US, Mixed decay (DECAY =1.7V)
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