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What is the Impact of Motor Control? 3 ADI Trinamic

52% of global electricity
consumed by motors

Source: IEA Energy Efficiency Series, Paul Waide and Conrad U. Brunner, et al. . 2021
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Common Types of I\/Iotor

General

Analog Devices Confidential Information. © 2024 Analog Devices, Inc. All rights reserved.




Common Types of Motors (HV>80V) = ADI Trinamic’

PMAC Motor

Permanent Magnet AC Motor

» Fixed windings on the outside - internal rotating
magnets.

= Stator windings current must be synchronized
with the rotor magnet position

= High torque and power density
= Higher performance systems.

AC Induction Motor

= Fixed windings on the outside- internal rotating
field induced by stator winding voltages.

= Stator windings currents automatically
synchronized with the rotor field position.

= |Industry workhorse

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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Common Types of Motor (LV<80V) 3 ADI Trinamic’
? A1 U
' " " ) sl 2 L
B1 B2 |

Brushless DC

Low requirements on Open loop positioning or
precision, speed, position velocity operation. High Operates in closed loop or
and efficiency. torque at low and mid- velocity controlled.
Short lifetime high power range velocities. High velocities, long
density. lifetime and high Efficiency.
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Step-motor Control 7. -1

General
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Step-motor Control Function 3 ADI Trinamic

Pulsation in movement / vibrations SpreadCycle™
High-resolution microstepping P

Dynamic load changesl overload and pot. position loss StallGuard?/ 4™
Sensorless load monitoring

Energy consumption/ heat and power dissipation CoolStep™
Current control based on sensorless StallGuard™ values

Audible noise / mechanical resonances StealthChop™
Advanced current control

Jerky motion/ position overshoot : .
) e : EightPoint
Advanced multi-segment / jerk-limiting acceleration ramps
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Mcro Stepping 3 ADI Trinamic

BN e

Fullstep

A _ S 4
0 0 —
1 1 B
1 2 3 4 1.2 3 4 5.7 6 8
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Micro Stepping

o

Full steps Half steps Micro steps

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

=3 ADI Trinamic

200 full-steps * 256 microsteps
=51200 microsteps/ rotation
Step resolution: 0.00703125°

If motor runs @1000rps =>
51,200,000
microsteps/ sec(5.12MHz)




Mcro Stepping 3 ADI Trinamic

From Full Step To 256 Microstep
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StallGuard & CoolStep 3 ADI Trinamic

CURRENT

100% MAX 1080 [oereereeereessessessresssssssseeseasesssssessssessessessessessrssssssssenen . / ....................................................... COOIStepTM

safety margin

Load dependent Current Control
i / Saves up to 70% Energy

StaIIGJardTM i CURRENT BOOST

100% max load
with boost current TORQUE PEAK N\

at nominal

u BIOCklng mt eCt|On motor current

N —
Sensorless Load Angle Detection 100% max ond : 7/ \\

/ /

= Referencing
= System Check
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Advanced Ramping [ ADI Trinamic*

A wotor |

i v S0P | ACCELERATION PHASE } : DECELERATION PHASE : : ACCELERATION PHASE
A VMAX | e = = I
v_max \ | | | |
V2o o T o g fromemfom
& ° | | | |
W av s, [ | [
| I | |
v_min | | | |
B - H -t Al I E A i TR <. [
tg ¢ Aty —> t; 4 tits tyt— Aty —> 1 33 | | |
£ i i i l | |
acceleration constant velocity deceleration i ' acceleration gde(elerationii it I /2 j T r ________________ |_ T
¢ i i i VSTART, [mromrmmrmem i v e mpom s s on e s et peme m s e s e e ) IR Jr
. . 0 | | »
1st generation Motion Controller R = j
VACTUAL = % N
A -
b g . .
8 3rd gen. motion controller —multi point
- S Mered ieaod
-bow Vi -bow
Advantages:
» Proven Hardware Blocks
- » Offloading the Processor
ramp phase 1 2 3 4 5 & 7 time
gl . » Parameter Change on the Fly

2nd generation motion controller » Reference Switch input (Hard- / Soft-Stop)
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Advanced Ramping

2 ADI Trinamic

v_max

v_min

,bf'\ Av

ty «— Oty —>

acceleration

constant velocity

deceleration

tst— Atss —> 1t Litg

i
]
| acceleration

deceleration;

oy

o

o

= Ao Vi Noorm

reached reached reached
Aam “Brom
bow bow

ramp phase 1 2 3 4 5 & 7 time
Mom ¢ number of steps W + maximum velocity
Avam * maximum aceeleration B : increase of acceleration (bow)
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Current Controller - SpreadCycle™ vs. StealthChop ™8 ADI Trinamic

Coil Voltage Motor Current
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Trinamic

(Field Oriented Control) R

General
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Complete Controller Cascade 3 ADI Trinamic

FOC=Field Oriented Control

Friction

Inertia

Target
Position

~®

Position Velocity FOC Torque
Controller Controller Loop

Velocity
Acquisition

Actual Position

TMC4671Classic PI
Current Loop: PWMFrequency, 100kHz max.
Velocity and Position Loop: 4kHz fixed

16
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FOC Torque Loop —Field Oriented Control @ 3 ADI Trinamic

Inner FOC Loop
Target
Current = (
IQtarget :
Uu, Uy, Uw
Position
Ip
lu, Iv, lw L

la

,otatic“ Rotor Domain

-
--------------------------------------------
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Transformations | 3 ADI Trinamic”

Angle

a/b-currents

g-current
(torque

W

> current)

— d-current

Phase Currents

(flux current)

If d-current is zero g-current is proportional to torque!

- d-current =zero
—> control torque with g-current

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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Transformations | 3 ADI Trinamic”

d/ g-voltages a/b-voltages Phase Voltages

W
J
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Interfaces

General
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Interfaces

2 ADI Trinamic

O, 640 oL

T—— " ca—
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3x Reference 2x Analog

ICLevel

» SPI, UART, IC,
Pin Configuration

CAN

Figure 2: TMCM-3351 Connectors

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

bus

Board Level

» RS232, RS485,
USB,CAN, IO-Link, “ -
EtherCAT s

1/0

Protocol

0010110
01011010

Figure 2: TMCM-1260 connectors

21
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QADI T

BOARD-LEVEL INTERFACE

TMCM-5214

TMCM-6212

TMCM-5110

6X MOTIONSTEP. BRD | &

Figure 2: TMCM-1260 connectors

TMCM-3351

3% CLOSED LP STEP. BRD | #

TMCM-351

TMCM-343

TMCM-3230

TMCM-3212

TMCM-3110

3x MOTIONSTEP.BRD | #

TMCM-1321

TMCM-1316-5tepRocler

Figure 2: TMCM-3351 Connectors

TMCM-1311

TMCM-1310

CLOSED LP STEP BRD L

TMCM-1278 / PD-1278

TMCM-1276 / PD-1276

TMECM-1270 f PD-1270

TMCM-1260 f PD-1260

TMCM-1241 f PD-1241

TMCM-1240/ PD-1240

TMCM-1231

TMCM-1230

TMCM-1211-5tepRocler

TMCM-1210/ PD-1210

TMCM-1180 7/ PD-1180

TMCM-1161 f PD-1161

TMCM-1160 / PD-1160

TMCM-1141/ PD-1141

TMCM-1140/ PD-1140

TMCM-1111-StepRoclker

TMCM-1110-5tepRocker

TMCM-1021 f PD-1021

MOTION STEP BRD 2

TWMCM-1076 f PD-1076

TMECM-1070 / PD-1070

STDSTEP BRD £}

TMCM-1640

level products and PANdrive

smart motors offer arange of commonly used bus

TMCM-1636-48V

interfaces and communication protocols to ease the
These interfaces are used to access single devices or
alarge number of nodes in a shared industrial field

design in of these turnkey solutions.

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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Up the Stack

General
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Trinamic Motion Control - Product Offering

=3 ADI Trinamic

PANdrives
(Motor +
Module)

Boards
(Module)

Solution proposition

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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|CLevel Solutions 3 ADI Trinamic:

m Motor Type / Feature Motor Supply | Phase Current (RMS)
Type

TM05240 2-Phase Stepper Motor  cDriver™ 4,75-36V 21A TCQFN32
TMC5130A 2-Phase Stepper Motor  cDriver™ 4.75-46V 14A eTCFP48
TMC5160  2-Phase Stepper Motor  cDriver™ 8-60V Ext. MOSFETs eTQFP48 / QFN56
B Y
: TMC4361  S-Shaped Ramping / Motion digital - QFN40
: Closed loop Controller
1
| TMC4671 FOC/ Closed loop Motion digital - QFN76
i Controller

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

cDriver™
Controller + Drlver Driver

Fieldbus

-— Micro - Motion Predriver | = | H-Bridges Motor

Controller Controller

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved. 25



Board Level Turnkey Solutions

ADI Trinamic

Type Supply (RMS)

60mm x 60mm CAN, R$485, USB, GPIQ,

TMCM-1260  2-Phase Single Axis 12-48V
Stepper Motor  Open Loop
TMCM-3351  2-Phase 3 Axis 12V-24V 3A
Stepper Motor  S-Ramps max 28V
Closed loop

TMCM-1640  3-Phase BLDC  Single Axis 12V -24V 5A

2.36“x2.36“ Encoder
1B60mm x 100mm  CAN, RS485, RS232, USB,
6.2“x3.9" GPIO, Encoder

42mm x42mm RS485, USB,

1.7x1.7¢ HALL, Encoder
45mm x 90mm CAN,
1.8“x 3.5¢ HALL, ENCODER

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

/| EC Board
TMCM- 1636 3-Phase BLDC Single Axis 12V - 24V 30A
/| EC Board 12V -60V 20A
Board Level

Fieldbusi
Controller

Motion

Controller

——

Driver

M U -

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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Smart Motor Turnkey Solutions 3 ADI Trinamic

Type Type Supply (RMS) e

PD42-X-1140 2-Phase Open Loop 12V -24V 22Ncm - 42mm x42mm CAN, R3485, USB, GPIO,
-TMCL Stepper 70Ncm (NEMAT?)
-CANopen Motor
PD57/ 60-X-1378  2-Phase Closedloop  12V-48V 55Ncm - 57mm x 57mm CAN, USB, GPIO, Ref
-TMCL Stepper 310Ncm 60mm x 60mm
-CANopen Motor NEMA23 / NEMA24
PD42-1-1243 2-Phase Open loop 12V -24V 27Ncm 42mm x42mm IOLINK
-IOLINK Stepper (NEMA17)
Motor
PD42-X-1670 BLDC/ EC FOC Servo 12V -24V 6.25Ncm - 42mm x 42mm CAN, GPIO, Ref
-TMCL 18.5Ncm (NEMATY?)
-CANopen

-------------------------------------------------------------------------------------------------------------------------------------------------------------------
.

PANdrive

Driver

Fieldbus
: Controller

Motion

Controller

M U
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Trinamic Software — TMCL-IDE

ADI Trinamic

PANdrives
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Free Software

» TMCL-IDE
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Trinamic Software —Eval-System

=3 ADI Trinamic

PANdrives 3 ﬁ
' -

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

Open source
GitHub

» TMC-EvalSystem
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TMCL-IDE (Step-motor) 3 ADI Trinamic

A TMCL-IDE 3.6.5.1

IFiIe Tools Options Views Help

>
0

e o YD Y we
nected devices  x [ TMCL creator @TMCM-3110 : COM3-Id 1 S]]

Velocity mode @ TMCM-1260 <1st Axis> : VC1-id1 b

> 2 o
- USB I B e edals _—
‘ . ‘T | 04 - fhe BEE w0 0000
¥ <> 101 THCH-1260 fvitual] VA IDI: TMCM310 [V1.11] . noales. | | ierioht.tme O
‘ Plictnode . Direct mode [ // move repeatetly left and right
Q Global parameters ), 5 () Global parameters hinn ‘
THCL creator Target speed | 100000(pps] =] | Maximum acceleration | 100000 (pps’] = _i e irlailmety, /) mew 090N tickeicumt
a | MVP 1,0.-100000 // move 100000 ticks left
Parameter calculator = I8 User variable display WAIT P0S,0,0 /7 Wit 0 arrive
= . Actual velocity [pps]: [ 0 [ meas. velocity 2 it d 1A loop T
i= Uservariable display s xis 0 ‘
v [@] asiso 10 103 10¢ . . (] settings |
0 | | 1o i cootStep 12:8 Modified Insert
Settings Lo \ \ I I ~ Control mode
[shd CoclStep & StallGuard § Velocity mode - Position graph @TMCM-3110 [Aa] <1st motor of 3> : COM3-1d 1 | g3
= Position mode
lsld Chopper Settings
~ Info graph 10T
v Control mode Motor player 2 Velocity graph
Position mode ~ Position graph 08 7T
4] velocity mode * Info display 05 T target position
i & Axis parameter display 03+ actual position
v Axis ) -
|44 Valocky graph File Edit TMCL Debug Settings R
Lo Positiongraph D2 dH2 B DEEH ¥000O@& » 4 coolStep 021 20s 2s 2s 2 245 55 %s 27s
~ Infe display [NewFile 1183 &) velodity mode 05 T
iZ s parameter display SAP 6, 8, 128 //set Waximum current [#] position mode 08+
SAP 5, 0, 100000 //set Maximum acceleration [pps®] v Info gmw :
SAP 4, 0, 100000 //set Maximum positioning speed [pps] ] tygraph Y
loop: " Position graph -
GI0O B, 8  //read IN® v Info display
3C ZE, loop //if input 20 is @ --> jump to looo = PO TR b
MVP REL, ©, 51208 //move relative to actual position TMCL: 146 cmds/sec  MEM: 135344 KB l‘@U 23 %
WAIT POS, @, 51280 //wait to reach position = = =
JA loop
STOP v
1:1 Modified Insert I

https://www.analog.com/en/resources/ evaluation-hardware-and-software/ motor-motion-control-software/tmcl-ide.html
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TMCL-IDE(BLDC-motor)

2 ADI Trinamic

Current control
[ Daaam mode [ Adr || Name |{ value
v [l Axiso [PID_TORQUE_I || 12488 |2
v Settings 0x56 —
() selectors [PID_TORQUEP || 6323
] Limits [Pio_Flux) [ 12488 %]
@ Pl control 0x54 IPID FLUX P l [ 632 :l
v Control mode = — =
[£] Torque mode Velocity control
@ Velocity mode
@I Position mode I Adr | | Name l | Value |
v Info graph and display [PiD_veLociTY 1 || 03]
/1 Torque graph 0x58 —
271 Velocity graph |PID_VELOCITY_P I [ 0 g
2 Postongraen Position control
v Tuning
271 Biquad tuning | Adr | I Name | | Value |
271 Torque/Flux tuning IPID_POSITION_I | l E I
71 Step response Ox5A .'
Lot Bode plot [pio_posimion_P|[  0l2]
Vil IC scope

Reload  |Export) {Import

Step response for torque-q direction

* UQ_EXT « PID_TORQUE_ACTUAL = identified System = Data selection

7600
7057
6514
5971
5428
T Pe T ltewT T ww Cand
4885
4342
H
3800
3
3257
2714
i
2171 ;
1628 :
1085 [&
v
542
0
] 100 200 300 400 500 600 700 800 900 1000
Measurement tick
Stimulation E4 Manual Y range System identification P/l dimensioning
Startvalue:| 03 Selected data: | 39% 3| = Damping: |0.707 = piType: parallel
= (S wsione o [7o00f] | ey :
End value: | 12 (approxk 021 [Ohm] P: [ 586 2] [ Set a1 parameter
— Save measurement) min: [ 0B approxk 025 (mg i

https://www.analog.com/en/resources/ evaluation-hardware-and-software/ motor-motion-control-software/tmcl-ide.html
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Actual application

General
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