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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to
ensure successful use of your CTRE products. To this end, we will continue to improve o
publications, &amples, and support to better suit your needs.

If you have any questions or comments regarding this document, or any CTRE product, p
contactsupport@crosstheroadelectronics.com

To obtain the most recent version of this document, please visit
www.dr-electronics.com
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1. Device description

The CTRIagnetic Encodeis a rotary sensor that can be used to measure rotational position and velocity. The

device sensethe magnetic field of a diametrically polarized magnet to determine rotational position with 12 bit

precision. The déce provides both uadratureinterface that may be used for relative position measurement

and a Pulse Width Modulated output for abst# position measurement. The device connects directly to the

¢Hf2y {w- RFOF LE2NI YR Aada RANBOGf& &dzZIIRNISR Ay (KS ¢

1.1. Kit Contents

Clear ABS housing OPHpPpEE dpé RAIYSGNROL Encoder

2 x 348 machine screws for mounting
IXx2HYETKkMcé K2dzaA
*packaged inside of housing

1.2.Features

Tricolor LED indicator for magnetic field stréimg

Conformal coating helps protect against foreign body debris (FOD)

Built in ESD protection diodes

Outputs both Quadrature ANBRulseWidth Modulated signals simultaneously for both absolute and
relative positioning.

Connects directly to Talon SRX withth# need for custom cables

Limit switch support

I Supported by Talon SRX firmware

= =4 =4 A

== =
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1.3.Pin Descriptions

The Magnetic Encoder has a 10 pin connector thatemab the Talon SRX through a ribbon cdbt#d separately)
The table below contains the pin defptions and numbering for users who wish to connect the encoder to other
devices.

Pin number| Name Function
1 3.3V 3.3 volt supply ( not used)
2 5V 5 volt supply (externally sourced)
3 NC Not connected
4 FLMT Forward limit switch input
5 B Quadratue channeB output
6 NC Not connected
7 A Quadrature channeA output
8 RLMT Reverse limit switch input
9 PWM Pulse Vidth Modulated output
10 GND Device power ground
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1.4.Electrical Specifications
Symbol Parameter Condition Min | Typ | Max Unit
Tamb Ambient temperature -40 +150 °C
Isupp Supply Current DC supply voltage 5.0\ 17 19 31 mA
Vdd Supply voltage 3.75 | 5.0 6.0 V
Quadrature Outputs (A and B)
VoL Low level output voltage GND+0.4| V
VoH High level outpuvoltage 2.8 3.3 \%
lo Output current 2 mA
Vmax Rotational velocity 15000 | RPM
PWM Output
VoL Low level output voltage GND+0.4| V
VoH High level output voltage 2.8 3.3 V
lo Output current 2 mA
VVmax Rotational velocity 6600 RPM
frwm PWM frequency 220 244 268 Hz
PWuin Minimum pulse width 090 |1 1.10 us
PWwax Maximum pulse width 3686 | 4096 4506 us
ESD Rating
ESD Protection Contact Discharge +30 kv
ESD Protection AlBap Discharge +30 kv
Resolution
CPR Counts per revolutio 1 X decoding 1024 CPR
CPR Counts per revolution 4 Xdecoding® 4096 CPR

Note 1: Talon SRX and CANifaercode 4X only

1.4.1 Quadrature

Decodingypes

Quadrature decoding is accomplished by detecting the edges of both the A and B chanhel&onfboder.The encoding type is
determined by the number of edges counted for one encoder cycle (not rotation). A complete cycle consists of 4 edggs, 2 risi
edges and 2 falling edges. An encoding type of 1x only counts 1 of these 4 edges, 2x evamaldicgunt 2 edges and 4 x
encoding would count all 4. The Talon SRX and CANifier alwaysuderodingand thereforealways decodg a total 04096

CPR (counts per revolution).

HIGH

Channel A ")
HIGH
Channel B ﬂ
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1.5. Magnet Specification

Parameter Condition Value Unit
Lergth +0.004 .500 INCH
Diameter +0.004 .250 INCH
Material Grade N42 NdFeB
Plating Nickel
Magnetization Direction Diametrical
Weight .106 OUNCH
Surface Field 6898 GAUSS
Max Operating Temperature 176° F
Brmax (Residual Induction) 13200 GAUSS
BHnax (Maximum Energy Product) 42 MGOe

1.6. LEDstates
The Encoder features a tri color LED that indicates magnetic field strength. This feature can be used to confirm
proper magnet distancingThe &blebelow shows the possible color sed and their respective magnetic field

strength.

Color Condition Description

Off Magnetic Encoder is not | Check cabling to the Magnetic Encoder and check that Talon
powered/ plugged in. powered.

Red Magnet is out of range Magnetic field strength is €InT or >135mT

Yellow | Magnet in range (slightly | Magnetic field strength is between 2865mT or 78135mT
reduced accuracy)
Green | Magnet in Range (ideal) Magnetic field strength is between 45nq1775mT
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2. Installation

Properalignmentof the magnet, rotary shaft and encodir necessary to ensure reliable performance. The
magnet should be placed at the end of a ngtahaft so that the magneshaftand encodeiare coaxial. The
encoder will tolerate some eccentricity, however steps shdg taken to ensure that the magnet is concentric to
the shaft and encoderlf a nonferrous shaft is used it is recommended that an adhesive is used to keep the
magnet from rotating inside the rotary shaft. A press fit may be used to avoid this, hotheveragnet material is
brittle and can be damaged if a tight press fit is required.

2.1.Magnet Placement
¢KS (eLAOKt oBANBEISYO S K&hXsingdgténfias ilugtidtediinkgSre 2.1, is 75mm (030)
to 1.5mm @ n p. Pplietablebelowshows the relationship between LED color andymet Z distance

LED color | Minimum distance from detent | Maximum distance from detentx %2 §
Red NA BHPPpYY O0dMM

0.0mm HOPDpYY O0Ddmm(d
Green PTpPpYY O0dno/ MOPpYY odnpd

This table assues the use of supplied magnet. If a different magnet is used, the LED may be used to determine correct distancing.

Figure2.l

Rotary Shaft

Housing Detent
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Magnet Placemen{cont.)

¢tKS YI3ySiqQa OSy i SN InbffsetradisRdiof 02%nmal & nAfraiyetBeRiefiGel dektdr ¢t |
the encoder housing, see Figuze2. This is the recommendation from the silicon manufacturéhe deal
application would have the magnet, rotary shaft and encoder all coatdiavever, the encoder will function
without any nofceable performance loss if this tolerance cannot be held.

[0.250]
0.010

o

| Offset Radius, Rd

!:r/

Figure 2.2

2.2. Encoder Mounting

The encoder should be mounted to a surface that is rigid andiited position relative to the egnet and rotary
shaft. A center hole is not requitgprovided the material the encoder is mounted to hakative magnetic
permeability similar to ai(~1.0) Aluminum and most plastics meet this requirement.

2.3. Confirming Proper Installation

When properly installed, the LED shoulddog=n. A LED is acceptable however there is less tolerance to

mechanical deviation that may causke Z distance to changas this state is farther away from ideal. The LED

should remainyeen through the shafts full range of motion and speed. Ifthe LEDAtdarii A 2 Yy & 2 NJ a0 f A LJA €
other thangreen, confirm that the mechanical relationship between the encoder, shaft and magnet are consistent.

This can be done through manual movement of the components until the cause is isolated. Determine whether

the probem is shaft end play, encoder mounting or magnet installation.
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3. Modifications to COTS Components

There are several companies that mal@nmercial off the shelf, or COTS, transmissions and gear boxes. Some of
these components contain interfacesrfoptical or shaft type encoders. This section descnibedifications of

two COTS transmissions, the AndyMadughbox Min{am-0654) and the VEX PRO Single Speed Double Reduction
gearbox 217-2454). Both gearboxes require modification to the outpuafth

3.1. AndyMark Toughbox Mini (ar8654)

¢KS 2dziilddzi aKI TG 2F GKS ¢2dzAKo62E aAy AhoukiSgsidaaNtted | dHpnaé
gearbox Figur8.1 This extrusion needs to be removed before boring the potthat will house themagnet The

recommenaed tools for this procedure aré: 1 KS> @dupné Rpddirg toolivglartidgscuttiRditbof for O £ A LIS NI
facing off the end of the shaft. A hacksaw or cutoff wheel may be imspldice of the parting toolThis user

manual is nbintended to be a substitute for proper training and use of machinéyyathe can be the most

dangerous piece of machinery in a shop. Please exercise caution and follow recommended safety procedures for

your particular piece of equipmeniThe shaft gitured is from a CIMple boxthe procedure for both the

Toughbox Nhi and CIMple bogre the same.

Figure 3.1

—’h 7 ~MV fDHpﬂé 9E

3.1.1. Extrusion removal

¢CKS FTANEBG &3G§SLI Aa (fomkdB dupd@ shaft Ridgiire @ killustrates Bow & peldisgiad|y
and a lathecan be used for this task. Completely remove the extrusion soottigta small portio?2 ¥ (G KS dupné
diameterA & NB Yl A YAy 3 op- mé20ddti A dnwHné

Figure 3.11.
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3.1.2 Facing Off the Shaft End

Once the Extrusion has been removed, the end of the skilifheed to have a smooth even surface. This will
make the following steps go smoother. Usinfgeingtool, turn the face of the shaft down until it is smooth and
Ftf 2F GKS NBY!I Ay Ay 3Fighne3plR diluSrates Midzadkirguged forthisNBpFueeS R ©
3.1.2.2showswhat the shaft should look like after this stbps been completed

Figure 3.12.1.

=

Figure 3.12.2.
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3.1.3. Boring the Magnet Pocket

After the shaft has been faced, a pocket will need to be bordubiase the magnet. The depth of this pocket is

determined by the distance the encodelddgatedfrom the magnet. For the stock mounting location the pocket

should bedeep enough so the magnet is flush with the outside of the plastic housing after algsefbore depth

2F 94 dopné aKz2dzZ R 6S adzFFAOASyil® ¢KA&E 2F O2dzNBS Aa RS
I OSYGSNAY3a RNAff akKz2dzZ R 0S8 dza SR llfghe holeliskdred foHeSp K2t S LINA :
shims may be placed inside the pocket to correct the over bore. The goal is the make the final seated depth of the

magnet so that the face is flush with the encoder hougimg the detent) Hgure 3.1.3.1shows the final hole

being boreds A (i K | .dFigwren3¢1.3.RiddksttHe output shaft with all the necessary modifications and

magnet installed.

Figure 3.13.1.
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3.1.4.Mounting the Encoder

After the shaft has been completely modifigtie encoder housing should be mountasing the twosupplied3-

48 machinescrews (Figure 3.1.4.1Next place the encoder inside the housfiiiggure3.1.4.9. Insert the data

cable 6old separatelythen place the housing cover and secure it withthe sieoHy E Tkmcé &AONBS 6 C,
3.1.43). DO NOT OVER TIGHTEN FRESCREW AS THIS MAY RESULT IN PERMANENE DANMHE

HOUSING. HAND TIGHTEN UNTIL RESISTANCE IS FELT.

Figure 3.14.1. Figure 3.14.2.
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3.1.5. Verifying Magnet Placement.

Once the Encoder has been instdllenagnet placement should be verified. A properly distanced magnet should

result in a LED at all speeds and positions. To confirm placemsenply connect the data cable to a Talon

SRX or any Gadgeteer port the HERO Control SystéRigure3.15). This test only requires the TalonlERQo0

be powered. No software is needed. Verify the LER=isn. If the LED ig the encoder will still perform

with a small reduction in accuracy. If the LERds the magnet is either toclose or bo far away from the

encoder. Using the supplied magngte LED should only bred if the magnet is too far away. This is only true

when the encoder is mounted in its supplied housing. Increase or decrease the magnet distance until the LED is
. Once magnet position is confirmed, the magnet should be secured using Loctite or epoxy. Loctite/Epoxy is

usually not necessary for steel shafts.

Figure 3.15.
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3.2. VEX PRO Single Speed Double Reduction Gearbox2@B4)

Theoutmzi aKI F4 2F GKS +9. LINRB DSI Nb2E KI ig sike offthegeatoxRA I Y S (i &
Figure 3.2 This extrusion needs to be removed before boring the pocket that will house the magnet. The

recommenaed tools for this procedure aréali KS> dupné RNAETE 06AGT RAFE OF t ALISNAZ
facing off the end of the shaft. A hacksaw or cutoff wheel may be used in place of the parting tool. This user

manual is not intended to be a substitute for proper training asd of machinery A lathe can be the most

dangerous piece of machinery in a shop. Please exercise caution and follow recommended safety procedures for

your particular piece of equipment.

Figure 3.2.

dHpné 9B

3.2.1. Extrusion removal

The first step isto remove th@ 1 p n ¢ Srbm tNdadtpusifaft. Figure 3.2illustrates how a parting tool
FYyR I fFTGKS OFy 6S dzaSR F2NJ dKAa dlaio /| 2YLX SGSte& NBY:
RAIFYSGSNI Aa NBYFOWpAWE B 02dzi ddnmuné

Figure 3.2.1.
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3.2.2 Facing Off The Shaft End

Once the Extrusion has been removed, the end of the shaft will need to have a smooth even surface. This will

make the following steps go smoother. Using a facing tool, turn the face of the shaft ddilvit isrsmooth and

Fff 2F GKS NBYFAYAY3I on3p2r4iluSrates idzaong used XoathiNtep FigugeR @ CA 3dz
32228K26Qa& o¢KIG GKS akKlFFd akKkz2dzZz R €221 tA1S FFAOGSNI GKA& &

Figure 3.2.2.1

__Aftention
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3.2.3. Boring the Magnet Pocket

After the shaft has been faced, a pocket will need to be bored to house the magnet. The depth of this pocket is
determined by the distance the encoder is located from the magnet. For the stock mountitiohoitee pocket

should be deep enough so the magnet is flush with the outside of the gearbox plastic housing after assembly. A

02NB8 RSLIIK 2F 9 doyné¢ aKz2dzZ R 0SS adzFFAOASYl® ¢tKAa 27F O;
step3.22. XSYGSNAYy3I RNAEE akKz2dAd R 0SS dzaSR (2 adl NI (GKS K2 S
too deep, shims may be placed inside the pocket to correct the over bore. The goal is to make the final seated

depth of the magnet so that the fads flush with the encoder housing (not the detent). Figdi23.1shows the

FAYLFE K2fS 0SAy3a o2 NBR2sHowdithe odtputdhaip with all RdlFedessabry modificaiatzNg

and magnet installed.

Figure 3.2.3.1
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3.2.4. Mounting the Encoder

After the shaft has been completely modifidtie encoder housing should be mounted using the supplied3-

48 machine screws (Figure 3.2 4. Next place the ender inside the housing (Figure 3.2 4.2nsert the dta

cable (sold separately) then place the housing cover and secure it withthéesipgsiy E Tkmcé &AONBS 6 C.
3.2.4.3. DO NOT OVER TIGHTEN TREESCREW AS THIS MAY RESULT IN PERMANENT DAMAGE TO THE

HOUSING. HAND TIGHTEN UNTIL RESISTANCE IS FELT.

Figure 3.2.4.1 Figure 3.2.4.2
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3.25. Verifying Magnet Placement.

Once the Encoder has been installed, magnet placement should be verified. A properly distanced magnet should
result in agreen LED at all speeds and positions. To confitacementsimply connect the data cable to a Talon
SRXFigure 3.2.5.19r anyGadgeteer port on the HERO Control Sys{Emgure 3.2.5.2 This test only requires the

Talon orHERQo be powered. No software is needed. Verify the LEDR:isn. If the LED ige!low the encoder

will still perform with a small reduction in accuracy. If the LEBdsthe magnet is either toclose or too far away

from the encoder. Using the supplied magnet the LED should onlydi€the magnet is too far away. Bhis

only true when the encoder is mounted in its supplied housing. Increase or decrease the magnet distance until the
LED igreen. Once magnet position is confirmed, the magnet shoulddoeired using Loctite or epoxy.

Figure 3.2.5.1

Figure 3.2.5.2: Interfacing to a Hero
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