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1. iC-MU 7l &

Description

iC-MU is used for magnetic off-axis position detection with integrated Hall
sensors. By scanning two separate channels i.e. the master and nonius track
the device can provide an absolute position within one mechanical revolution.
The internal 12-bit sine/digital converters generate two position words that
supply high-precision position data within one sine-period. The integrated
nonius calculation engine calculates the absolute position within one mecha-
nical revolution and synchronizes this with the master track position word.
Position data can be transmitted serially (SSI, BiSS, SPI), incrementally, or
analog through two ports in various modes of operation. Commutation signals
(U, V, W) for brushless DC (BLDC) motors with up to 16 pole pairs are derived
from the absolute position and supplied through a 3-pin interface. Besides
2-track nonius computation, iC-MU is capable of extending the rotary or linear
absolute position using 3-track nonius computation. A second iC-MU can be
connected to a special daisy chain mode using the multiturn interface.

Applications

¢ Rotative absolute encoders, linear absolute scales
e Singleturn and multiturn encoders, motor feedback encoders
e BLDC motor commutation, hollow shaft encoder

® Multi-axis measurement systems
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Features

e |ntegrated Hall sensors for two-track scanning
* Hall sensors optimized for master track
* iC-MU: pole width 1.28 mm
¢ C-MU150: pole width 1.50mm
* Precise signal conditioning for offset, amplitude, and phase
¢ Sine/digital realtime conversion with 12-bit resolution (14-bit filtered)
e ?-track nonius absolute value calculation up to 18 bits
* 16, 32, or 64 pole pairs per measurement distance
* Enlargement of measurement distance with second iC-MU/iC-MU150
¢ Linear speed to 16 m/s, rotational speed to 24 000 RPM
* Position data output via fast serial interfaces (SPI, SSI, BiSS C)
¢ |ncremental encoder quadrature outputs (A, B, Z)
¢ FlexCount® resolution for 1 to 65536 CPR
* Motor commutation signals for up to 16 pole pairs (U, V, W)
» Counter signals and sin/cos signals optionally available
¢ Serial multiturn interface up to 18 hits
* Position preset function
¢ Device setup via SPI, BiSS C, or I2C from external EEPROM
¢ (perational temperature range of —40°C to 110°C
e Small 16-pin DFN Package of 5mm x 5mm (RoHS compliant)

¢ Magnetic targets available (rotary / linear)

BE=




www.exactfron.com

Robot Applications
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3. iC-MU & Magnet =%}

iC-Haus Bogen
No. o Pole Pole pail No. Of. |nCFear|nent Max.. . Dia. of Max. Prase Deation Outer D|Inner Di Outer D, . Distanc| ,, .
Model | f | r  |Pole pai Resolution | Distance | Master |, _MA|+-MA.|+-m.A| Model | Type . Type . Height | Model Width
Track pitch pitch r Res(él/uBt)ion (bit, Filtered) Track degree|arc sec| mm 1. a 1. €
2 |428| 256 16 18 18 40:96 13:04 | 66150 22140, 067 Axial | 4544 | 0344 | Radial | ++4 6 40.96 6
2 [1.28] 2.56 32 18 19 1.92 26.08 0.1538) 553.50f 0.03[ RMSN | Axial | 28.48 | 16.48 | Radial | 24.44 6 (ll:i’\r:les;g\ll‘) 81.92 6
2 [1.28| 2.56 64 18 20 163.84 52.15 0.0384] 138.38 0.02 Axial | 54.55 | 42.55 | Radial | 50.51 6 163.84 6
3 [1.28] 256 128 18 21 327.68 104.30 | 0.0769| 276.75| 0.07 Axial | 114.3 | 94.3 | Radial [ 102.66| 10 327.68| 10
iC-MU | 3 |1.28| 256 | 256 18 22 655.36 | 208.61 |0.0384f 138.38 0.07 Axial |218.61|198.61 | Radial [ 206.97 | 10 655.36| 10
3 |+28| 256 512 18 23 131072 | 414722 | 00096 3459 6:03 Axial | 42722 | 40722 | Radial | 41558 10 LMSN [t31672| 16
3 [128| 256 | 1024 | 18 24 262144 | 83443 |00048 1730 003 RN el | 84443 | 82443 | Radint [ 83279 40 |(Linean agaras| 10
3 |+28| 256 | 2048 18 25 524288 | 1668:86 |0:0012 432 0602 Axial = = Radial = = = =
3 [+28| 256 | 4696 18 26 10/485-76| 333772 | 00006 216 06:62 Axial = = Radial = = = =
2 |5 3 16 18 18 48 1528 | 6:6150 22140 ©:08 Axial | 17.68 | 5.68 | Radial | 13.64 6 48 6
2 [ 15 3 32 18 19 96 30.56 0.1538] 553.50 0.04f RMSN | Axial | 32.96 | 20.96 | Radial | 28.92 6 (ll:i’\:esglr) 96 6
2 [ 15 3 64 18 20 192 61.12 0.0384] 138.38 0.02 Axial | 63.52 | 51.52 | Radial | 59.48 6 192 6
3 [15 3 128 18 21 384 122.23 | 0.0769| 276.75| 0.08 Axial | 132.23 [ 112.23 | Radial | 120.59| 10 384 10
iC—I\gU15 3 [15 3 256 18 22 768 244.46 | 0.0384] 138.38 0.08 Axial | 254.46 | 234.46 | Radial | 242.82| 10 768 10
3 |+5| 3 | 512 18 23 1536 | 48392 |0.0095 3459 0.04 Axial | 4892 | 478.92 | Radiat |487:28| 10 | mon | 1536 | 10
3 |#5| 3 | 1024 | 8 24 3,072 | 977.85 | 00048 1730 0.04 RN el | 967.85 | 967.85 | Radint | 576.21| 0 |(Lnean| 367 | 10
3 |5 3 2048 18 25 6144 195570 | 66012 432 682 Axial = = Radial = = = =
3 [+5 3 4696 18 26 12288 | 391139 | 6:6006 216 002 Axial = = Radial = = = =




www.exacttron.com

OIEHO|A O| 2 (ic-PVL & ZEE|E Ic SA| AHE E71)

< Master, Nonius, Segments E2 AFE -27l Ic @B E AIE

£
=
Q
Ly]
3
™ £
=
[ £
5! £
o 8
o
= Lo
g |5 :
=
S Master
4
&y | 4 ' MA
- : 2.68mm e | .
‘ 40.00mm : IBISS
34.080mm u e xS INTERFACE
Bild 4: Kettenschaltung fiir lineare Messsysteme. -

Figure 1: Component side
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v SEE] YA EE
v iC-PVLE 0|83 HEIE Q14| —ic-muS XH4 0| (Z E|H 18bit)

< iC-MU ZE|E OIH{O|A O] &

iC-MU licepyL

Figure 10: Positioning of iC-PVL on a pole wheel

iC-PVL (iC-MU nonius type)

Linear/Off-Axis
Battery-Buffered Hall Multiturn Encoder

s =
iC-PVL iC-MU || SSI

SP1

* (ff-mas magnetic multitum encoder utilzing iIC-PVL and iC-MLU

+ |p to 19-hit singleturn and 18-bit multiturn resolution
Figure 11: Positioning of iC-PVL on a pole wheel

* Angle resolution to 524 788 steps
(iC-MU nonius type).

+ Setup from single EC-EEPROM
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IC-MU Magnet Disk(Bogen) — 2track
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IC-MU Magnet Disk(Bogen)

Available Dimensions RMSN - Axial

Master- | Magnetic

Order- Nonius Pole
No. Order Code Relation Pitch
[mm]

51558 RMSN16-15A-1.28-E-S 16-15 1.28
51701 RMSN16-15A-1.28-E-S 16-15 1.28
51216 RMSN32-31A-1.28-E-S 32-31 1.28
51499 RMSN32-31A-1.28-E-S 32-31 1.28
51217 RMSN32-31A-1.28-F-A 32-31 1.28
51694 RMSN32-31A-1.50-F-A 32-31 1.50
51352 RMSN32-31A-1.50-E-S 32-31 1.50
51353 RMSN32-31A-1.50-E-S 32-31 1.50
52066 RMSN64-63A-1.28-F-A 64-63 1.28
52087 RMSN64-63A-1.28-E-S 64-63 1.28
52076 RMSN64-63A-1.50-F-A 64-63 1.50
52097 RMSN64-63A-1.50-E-S 64-63 1.50

Available Dimensions RMSN - Radial

Master- | Magnetic

No. | omercote | S mten

[mm]
51218 RMSN32-31-1.28-F-A 32-32 1.28
51467 RMSN32-31-1.28-F-A 32-31 1.28
51269 RMSN64-63-1.28-F-A 64-63 1.28
51356 RMSN64-63-1.28-E-S 64-63 1.28
51521 RMSN64-63-1.50-F-A 64-63 1.50
51529 RMSN64-63-1.50-E-S 64-63 1.50
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IC-MU Magnet Disk(Bogen)

Available Dimensions RMSN - Radial

Master- | Magnetic

“No | orsercote ol e
[mm]
51218 RMSN32-31-1.28-F-A 32-32 1.28
51467 RMSN32-31-1.28-F-A 32-31 1.28
51269 RMSN64-63-1.28-F-A 64-63 1.28
51356 RMSN64-63-1.28-E-S 64-63 1.28
51521 RMSN64-63-1.50-F-A 64-63 1.50
51529 RMSN64-63-1.50-E-S 64-63 1.50
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7. 1IC-MU Evaluation Kit ;: 2 & 3 track

MU1M-11C&2track MU1D — Adapter MU1IM & MU2M to MB3/4/5U

ORDERING INFORMATION |

£
25.00mm &
20.40mm ;;
. T o
—* Type Order Designation Description Options
E Evaluation Board iC-MU EVAL MU1D Ewvaluation board suitable to eval kit MU1M
3;] the board is needed to connect MU1M to
£ a PC via MB3U-12C adapter
(]
0
r\],

| F_
59.88mm

— -

£ BOARD MU1D
g
(o]
- TERMINAL DESCRIPTION
£ |
i LLLL 000
N E @'l'hﬂ & o J1 Signal input connector
i %0.90mm i n oa ?&é s (pin configuration suitable to connector
= 34.80mm . : - J1 of board MU1M)
Figure 1: Component side | i OI 14 ﬁ I.ll o
o e e J2 BiSS interface input (to BiSS-master
3| 3 aEE : . }
3 °3 o° J3 SPl interface
L | an w 3= e
ol IE E _ O Jd4 BiSS interface output (daisy chain)
£ Olss o
s — QTJ B 8 J5 Multiturn Interface
o a ° PE
& . 3 :E - : a 2
£ 1 :: gl‘:: a0 MUAL 655-256N
@
3 o &=
£ EVAL =
3 MU1D (553332209 |
a PRESET
L a il siaple_wp - A
£ -, 5 S e ;
§. L : Figure 1: Component side (80 mmx 100 mm) E M ] :
IN i 2.6@8mm “"“:" E*ﬂlb@h S
T 40,00 ! N e e B e e '
o iC-MU EVAL MU2M

34.08mm

Figure 6: iC-MU eval kit parts

Figure 1: Component side
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/. 1C-MU Evaluation Kit : ic-MU & 2track Magnet

iC-MU EVAL MU1C @
MOTOR FEEDBACK EVALUATION KIT DESCRIPTION Haus

! PCB MODULE MU1C

Figure 1: PCB module MU1C top side assembled
with iC-MSA

ORDERING INFORMATION

Type Order Designation Description Options

Evaluation kit iC-MU EVAL MU1IC Evaluation kit includes PCB module MU1C,
magnetic code disc MUZ2S 30-32N, cable signal
output (Sin/Cos, ABZ), cable BiSS (power supply),
9-pin Sub-D connector male and 8-pin Sub-D

connector case
PCB module iC-MU iCSY MU1C PCB module MU1C
PC adapter iC-MB4 iCSY MB4U-CABLE1 This package includes MB4U, cable BiSS (power

Figure 2: PCB module MU1C bottom side
assembled with iC-MU and iC-HF

supply) and cable USB (type A < Mini B)
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iC-MU EVAL MU3C preﬂﬁmimw @
BATTERY-BUFFERED HALL MULTITURN MODULE Haus

PCB MODULE MU3C

P - o
Coe B
Hpu
LA LIRN]#8)
= (C_ICE)

e
VDD_EXT

JJp3

WD £xT
woo_nuactos” *

ABZ TO MU3Cy BISS IN

00000000

©NA ®NB ®NZ @ PERR
GND

@PA ©PB ©PZ ® NERR

Figure 1: EVAL MU5M Top Side

Type

Evaluation kit

Adapter board

PC adapter

FUNCTIONAL BLOCK DIAGRAM

5V

PRE-I Multiturn WRN

51) Sensor D3

( L iC-PVL (03)
NWRN

RE

5V

tet

VBATT 6V

Chain/ 5V RS-422
Loopback Line Driver
- iC-HF

BiSS

Singleturn

5V

©2) [ ic-MU =

VBATT |ygar FC

5V-30V

T_" 0

Supercap == (CBATT) EEPROM

Order Designation

iC-MU EVAL MU3C

iC-MU EVAL MU5SM

iC-MB5 iCSY MB5U or
iC-MB4 iCSY MB4U

us

iC-HD7
ut

PWR Sensor NERR}
T pal B
M ¥

Line Driver

ERR
(D2)

VB

_ABZ
o

J1 | BiSS In

Jz2

J3

U4

Figure 1: MU3C Block Diagram

Description Options

BiSS Out

ABZ

Evaluation kit includes the PCB module MU3C, mag-
netic code discs MU18S 30-32N and MU2S 30-32N,
2 x output signal cable (ABZ) and 2 x BiSS cable
(power supply & communication)

The adapter board gives access to the BiSS interface
and ABZ output signals and provides different options
for powering the encoder iCs and line driver plus

battery backup.

MB5U or MB4U USB-to-BiSS adapter.
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. iIC-MU(150) M &IA| =] Algt 2

Item No. Symbol Parameter Conditions Min. Typ. Max. Unit
i2 MASTER o 301 TOLrad Permissible Radial 05 [mm
ﬁg"’ﬁ_ o [Tolrad Displacement
i Vi ] 1 a 302 TOLtan Permissible Tangential 0.5 mm
- — i )
fg/z o T Displacement
5 lus - 303 WOBrad Permissible Eccentricity of | MPC = Ox4 0.06 mm
Code Disc MPC = 0x5, 0x6 0.1
—{TOLtang 5 P2 Distance Package referred to magnetic 0.4 mm
§ g Surface DFN16-5x5 coating surface
= = Table 1 - Permissible mechanical alignment tolerances
CHIP CENTER w w
mlm
/ POLEDISK CENTER = =
a o &
AXIS CENTER ol o o
_| |IWOBrad
|~

. . . . . Figure 3 - Radial target example
Figure 1 - Definition of radial, tangential, and eccentricity tolerances d ¥ ;
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iIC-MU(150) A& A| Z=0| Algt 3

@ XA HEH, 7|5 A Y(Ns XS 57| 3
@ Filter A&l 42 O1E =Z2{0|M 14bit, Filter@ = 4 12bit -> CIE{Z2{0|M H| HA Z7¢
@ Filter /0| X2 7 0= BEHO| R doIE=E 2L =S58 ZLHEHIOHEM ¢ 478
@ SUHOHpit Y ->37| 2= HE O ZM ELA| &M AR = iC-Haus &S L2 2
50}71 LIEELE =7 At R7E(ZHOIX[0|M Ef22E Of7F)
. . Interface Setup
Single turn ABS. Multi turn ABS.
M No. PDrt A Cnnfguration 5T Mode
agnet i |—| rl—l
Pole palr resplution resolution
PDrt B Cnnfguratmn 55l Data Qutput Format
32 19 18 0 16 34 o B[ az oo @sinay Ooray
M SB Output Zero Bits Qutput
o 20 = 0 16 35 0 S Bit1s || ox0s 5 x 0-Bits JUxUE
128 21 20 0 16 36 0 LSB Qutput Communication Timeout

. B Bito |l oxoo  [E[Adaptive - tinit ]| ox00
*iC-PVL & 2 A . o |

L
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M AN (&S 3] - Nonius EE= NOFH -2 0] Or2l| %) — 2|7 (50~350RPM)
C

@ S

@ SEtHE Analog 80w 2 &

(3) Reset to default & 2! -> Signal conditioning 4f 02 £ H4 =0l
@

®

o =X EtEI

2= automatic analog calibrationO| A{ Calibrate 2

Z 2 M| 2= = Relative Changes in LSB Zf(Master & Nonius) 22l & 2t0] 00| Ot &
<L 3o|- |:||-E(_._ 39' OlAF HI—EO 1~27HOI-EO| +- 1O| 7:| J_LHA)

O - T
@ Off-Axis Nenius Encoder with Integrated Hall Sensors %
° = L_I 7" 7 | _7|<_ File Interface Exdras Help
N 7 Ol A C-MU150 e
H r IS =) ave
=} J iC- Sa] |
® O |- E‘H aAI- Ol é)}- Ol 4 7 O-I E— o X-I 7-| Evaluation Software Version: A4 —_— - 1| detected Interface Huus
. . | Read Senmr] T 0 \] Multiturn @Err  Staws e
* All Sine & Cosine Offset values < 10mV — | B
Decimal m] [ 887568 \]Singlemm @)Waming [Show Details Dgt ?F"“
ave to File
b Phase < 25 1 #nalog  Serial Intorface  ABZ/UVW  Nonius /Multtum  Nonius Call ) i Misc.  Cali Hex Editor
Signal Conditioning [ TR ) ‘ General Signal Conditioning [ | Reset to default values Automatic Analog Calibration
elaul alues
h : B Amplitude Control Nonius [ Show Graph Interface Setup
. Master = Nonius [ E”ah‘e _ ]—\ uuu B[ 42 || ox0 liCaIihmteAJ | Measure (& setings
Gain Range [ 44 \J 000 | aa Jjoa0 | { Bias Current Setting oo
J = 3 antinuous
) . [ 0% || oxos Gain Fine 1000 || ox00 1 1000 || ox00 3
Gain Fine 3| 1.000 J 0x00 | (B[ 1000 ] ox00 Test Relative changes in
( . Al To00 || ox00 1 7000 || 0x00 Cosine Gain
- - ; [ o
Cosine Gain |2 099 J (JxTD [ 1003 | ox02 | ¢ : = =
G ood L J sineofset | [ omv | 000 B omv | ox00 Sine Offect
’ A Tmv J o0t |E[ 3mv |[OR . S ) S )
L L | N Cosine Ofset. | £][ o my || 000 |5 amv [mo0 |
Cosine Offset .? 2mV J0x42 1Tmv ||ox01 || ¢ Phase Adjust | (£} 0.0007 || 000 | [ 00007 [fox00 || Adjust
— — \ Phase Range []Enlarge [JEnlarge
ase Adjust | [=/[ 0.190° J 0x02 : 0000+ || oxoo_4/F
Read RAM ] Write RAM ] W”‘E Write Cnmmnnd] WRITE_ALL m] Save Config ]{ Load Conﬁg] Write EEPROM]
Figure 14 - iC-MU GUI, Example of goc 5 onn cotorsio crcid ~
401. Loading
B - V553 s -
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Zo[=220]4

us
@ =T Nonius calibration B0+ 2 &
@ Calirate 22
® ZEZZMA 2tE InRange Max & MinZf0| 25 90%O|"'} | Z4 (= Al)
@

322 F71132(F 22]) S 25 90%0|5HQ A2 &4

@@ Off-Axis Nonius Encoder with Integrated Hall Sensors — *
File Interface Extras Help

g . . £ 0 |sen
IC_M U 1 50 . —_— Cl ‘&] ’T‘detected Interface Qiaconnected @Haus

Evaluation Software Version: A4

Read Sensor ] ‘ 0 ” Multiturn ./‘ Error Status Read Continuously
b Stop on Error
Decimal m] ‘ 887568 ” Singleturn 1 @) Warning [)Show Details L] Data D=y
= [ Save to File

Analog  Serial Interfface ABZ/UVW  Nonius / Multiturn  Nonius Calibration  Error/Warning/Status Misc. CalibSetup  Hex Editor

Calibrate SPO  SPO SPO SPO SPO SPO SPO SPO SPO SPO SPO SPO SPO SPO SPO SPO SPO
Base 0 1 2 3 4 5 6 1 8B 9 W0 M 12 13 1 15

= = = = = = = = = = = = =
B« Ez1E80 8 1B 2 1Bz 18- 1B B B2 B3 B2 B+ 18 o) H

Min/Max Detection
Measure

Continuous
CEnable
[JShow Cursor

Value

Track Error (LSB)

In Range (%) -150-, | | | | 1 | | | i : | | 1 |
Max Win 225 45 &5 90 1125 135 1s7s 180 2005 25 2475 270 2925 315 3305 380

[}
3,4 E Bw { Reset Graph ][@ Se«mgs] e e o) [ SPO Error Resut [,7

Read RAM ] Write RAM ] W”‘e, dy wme Command] WRITE_ALL m] Save Conﬁg]{Load Conﬁg] Write EEPROM]

402. Loading configuration canceled by user ~
401. Loading configuration succeeded
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2. Robot Applications : Dual Feedback

M2 S|

J
o A% A AT EZAZ /610 ic-Haus SoCE O 8% XHA| /e M-8 =
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P) link position sensor RoboDrive with
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Robot Applications : Dual Feedback

Reduction gear | j Load-side

encoder

= ;

1 .J'D‘rive-side

encoder

Load side

Sliding contact
surface

S Fine pitch
B’ socket screws

4 Piezo stack
actuators

12 bit absolute
magnetic
encoder

Harmonic
Drive Gear

12-bit absolute
magnetic
encoder

12 bit
incremental
optical
encoder
Output
interface

Straingage
based
force sensor

Straingage

Friction material based
ring Torque

sensor

RBE1211
Brushless motor
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IV. JOINT TORQUE CONTROL
A. Conventional joint torque control methods

Conventional joint torque control methods are classified
broadly into two groups, the methods using torque sensors
[9], [10] and the methods using reaction force observer(RFOB)
[11], [12]. Using torque sensors bring demerits such as lower-
ing the system rigidity, high cost, low bandwidth of torque
sensors, and bad effects due to sensors’ noises [13]. The

methods using RFOB can avoid the demerits. Therefore RFOB
is applied in the proposed method.

B. Usefulness of joint torque control

The joint torque control makes many things possible, for
example: complicated tasks such as assembling, improvements
of convenience and safety of users [6], [7]. Moreover, the
precise joint torque control enables us to enhance backdriv-
ability. Backdrivability is a mobility of the system composed
of the actuator and the load when the load is forced to move.




