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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, examples, amsupport to better git 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.ctr-electrorics.com
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1. Device description

The CTRANGderis a rotary sensathat can be used to measure rotational position and velocity. The device
senses the magnetic field of a diametrically polarized magnet to determine rotational position with 12 bit
precision. The déceis capable oprovidingarelative position measureent andan absolute position
measuremensimultaneouslyver the CAN bus

1.1. Kit Contents

Clear ABS housing OHpEE ®pé RAIFYSGENRAOL CANCoder

2 x 348 machine screws for mounting
1x2Hy ET K Mogscrén2 dza A
*packaged inside of housing

1.2.Features

Tricolor LED indicator for magnetic field strengtind CAN connectivity
Conformal coating helps protect against forelyydy debris (FOD)
Built in ESD protection diodes

Measuresboth absolute and relative positioning.

= =4 -8 -
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1.3. Electrical Specifications

Symbol Parameter Condition Min | Typ | Max Unit
Tamb Ambient temperature -40 +85 °C
Isupp Supply Current DC supply 2.0V 50 60 mA

Vdd Supply voltage 6.0 120 | 16.0 V
ESD Rating
ESD Protection Contact Discharge +30 kv
ESD Protection AtBap Discharge +30 kV
Resolution
CPR | Counts per revolution | | | 4096 | |
Output
Vmax | Rotational Velocity | | | | 15000 | RPM

1.4. Magnd Specification

Parameter Condition Value Unit
Length +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 Temperate 176° F
Brmax (Residual Induction) 13200 GAUSS
BHnax (Maximum Energy Product) 42 MGOe
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1.5. LECGStates

TheCANCodefeatures a tri color LED that indicates magnetic field streregith CAN bus healthThis feature an
be used to confirm proper magnet distanciagd proper CAN busviring. The ablebelowshows the possible
color states and their respective magnetiddistrength.

LED Color LED CAN Bus detection Magnet Description
Brightness Field
Strength

Off CANCoder is not powered/ plugged in.
Check power cabling to the CANCoder.

/ Bright - --- Device is iboot-loader, most likely because field
upgrade failed in middle of event.

Inspect CAN bus wiring aneHield-upgrade sing
Phoenix Tuner.

If device has valid firmware, turn device off, wait 1(
seconds, and turn device @o boot strap it

Slow Red Blink Bright CAN buéas been lost Check CAN Bus health atmhnection to the
(Section 1.5.% CANCoder.

If the goal isimplyto test magnetplacement wait 8

secondsand use thedim rapid blinkL EDpatterns

Rapid Red Blink Dim CAN bugever detected | Magnet 5 out of range (<25mT or >135mT).
since boofSection 1.5.1
Dim CAN bugever detected | Magnet in range wittslightlyreduced accuracy (285mT or 75
since bootSection 1.5.) | 135mT).
Dim CAN bugever deteced | Magnet in rangdbetween 45mT¢ 75mT).
since booft(Section 1.5.1
RapidRedBlink Bright CAN bus present Magnet is out of range (<25mT or >135mT).
Bright CAN bus present Magnet in range witlslightlyreduced accuracy (285mT or 75
135mT).
Bright CAN bus present Magnet in rangébetween 45m™, 75mT).

1.5.1 Dim RapidBlink LED

Ina typical setupif the CAN bus is not healthy, the CANCodersiaW blink red regardlessf the magnet field
strength This is ideal in most circumstarsdgecause a wiring/CANus issugnust be addressefirst for successful
operation.

However it may be useful to indicate the magnet field strength during prototyping / hardi@mg up, even if
CANbus is not wired.If CANCodedoes not detect CAN bus for 8 seconds after ba&state will transition from
slow blink redto the dim rapid-blink patternsfor Magnet Strength. Thllowsmagnetplacementto be verified
without requiring a @N bus If CAN bus is detecteat any time, CANCoder widlave ancheverre-enter thedim
LED modavithout a full power cycle.
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2. Installation

Properalignmentof the magnet, rotary shaft and encodisrnecessary 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 stepswd be taken to ensure that the magnet is concentric to
the shaft and encoderlf a nonerrous 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 thisMeowe magnet material is
brittle and can be damaged if a tight press fit is required.

lf GK2dzZZ3K aAYAL | NOOYD2RESNE/Z¢ iK Sa d 1 DY 2(RSNJI NBIljdZANB& /! b 0 d:
the CANG@der circuit board.This is also covered ihé sections below.
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2.1.Magnet Placement
TKS GeLAOrE RIEES §YO S K Shodsingdgténfias iHugtateding8re 2.1, is 75mm (030)
to 1.5mm @ n p. dlie table belowshows the relationship between LED color andgmet Z distance

LED color Minimum distance from detent Maximum distance from detenty %€
RapidRedBlink NA BH®PpYY O6dmMwmM

0.0mm HOPhppYY Oddmmc
RapidGreenBlink PTPYY O6®non MPpYY O6dnp

This table assumes the use of supplied magnet. If a different magnet is used, the LED maytdeeteedhine correct distancing.

Figure2.1.1.

Rotary Shaft

Housing Detent

¢KS YI3ySiqa OA&ighadSwiinlabffsetradiisRdiof 02%nm & n framéhe defined center of
the encoder housing, see Figu2e2. This is the recommendation from the silicon méexturer. The deal
application would have the magnet, rotary shaft and encoder all coakdiavever, the encoder will function
without any noticeable performance loss if this tolerance cannot be held.

. [0.250]
Figure 21.2. 0.010

oo

| Offset Radius, Rd

!:r/
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2.2.Wiring

TheCANCoder printed circuit board features thisough-holesto make soldering easier.

Note the CAN H and CAN L lines each havehveagh-holes This allows two CAN
bus pigtails, each with a CANH/CANL pair.

Ground CANL 12v

Strip ~20 AWG wire and passahigh the 100mil througthole.

Tin the exposed portion of the wifead, until solder hole
completely fills with solderCut the excess lead with diagonal
cutters.
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2.3. Encoder Mounting

The encoder should be mounted to a surface that is rigid andiked position relative to the lagnet and rotary
shaft. A center hole is not required provided the material the encoder is meoulo has aelative magnetic
permeability similar to ai(~1.0) Aluminum and most plastics meet this requirement.

2.4. Confirming Proper Installation

When properly installed, the LED shoulddpe=n. Ayellow LED is acceptable however there is kedsrance to

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

should remainyeenthroughthS &Kl Fda Fdz f NI y3aS 2F Y2GA2y FyR aLISSRo®
other thangreen, confirm that the mechanical relationship between the encoder, shaft and magnet are consistent.

This can be done through manual movement of the componant# the cause is isolated. Determine whether

the problem is shaft end play, encoder mountinghueignet 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 interfaces for optical or shgbe encoders. This section descrilpegdifications of

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

3.1. AndyMak Toughbox Mini (arf0654)

The output shaft of the ToughbaxA y A TSI (1 dzNB& | @®Hpné RHolsvgsitSdiitheS E i NHza A 2 y
gearbox Figur8.1 This extrusion needs to be removed before boring the pothat will house themagnet The

recommended tools for this procedure aré: | 1 KS >  ® wlialwaliper padkirig toolidg/aridscutting tool for

facing off the end of the shaft. A hacksaw or cutoff wheel may be imspldice of the parting toolThis user

manual is not intended to be substitute for proper training and use of machiner.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 equipmeniThe shaft pictured is from d@ple box. The procedure for both the

Toughbox Nhi and @Mple boxare the same.

Figure 3.1

—’h 7 ~MV fDHpﬂé 9E

3.1.1. Extrusion removal

¢CKS FTANBG &a30SLI Aa (fomkiB dushd@ shafl Rigure @ hillusirates Bok i pelidsghad|y
and a lathecan beused for this task. Completely remove the extrusion so tmy a small portio?2 ¥ (G KS dupné
diameterA & NB Yl A Y Ay 3 op- Hé20ddti A dnwHné

Figure3.11.
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3.1.2 Facing Off the Shaft End

Once the Extrusion has been removed, the end ofshaft will need to hava smooth even surface. This will
make the following steps go smoother. Usinfgaeingtool, turn the face of the shaft down until it is smooth and
Ftf 2F GKS NBYI Ay Ay 3FighnePlR 4illuSrateés Midziling ysed Xothishsie. FgjuzeS 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 bored to house the maghetdepth of this pocket is

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

should bedeep enough so the magt is flush with the outside of the plastic housing after assembly. A bore depth

2F 94 dopné aK2dzZ R 6S adzZFFAOASyil® ¢CKA&E 2F O2dzNBS Aa RS
A centering drill should be used to start the hole pridrt 6 2 NA y 3 & A if e hole i®boredité dedRNA f £ @

shims may be placedside 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 hougimgf the detent) Hgure 3.1.3.1shows the final hole

being boreds A (i K I .driggren3¢1.3.RBigdistthe 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 mounted using the supdied 3-

48 machinescrews (Figure 3.1.4.1Next place the encoder inside the housifftigure3.1.4.9. Insert the data

cable(sold separatelythen place the housing cover and secure it withthe siepHy E Tkmcé &aONBS 6 C.
3.1.4.3. DO NOT OVERGHTEN THE28 SCREW AS THIS MAY RESULT IN PERMANENE DANMHE

HOUSING. HAND TIGHTEN UNTIL RESISTANCE IS FELT.

Figure 3.14.1. Figue 3.14.2.

Note ¢ Image shows a CTRE Mewgoder,
however CANCoder mounting is identical.

Note ¢ Image shows a CTRE Mzgoder,
however @NCodemounting is identical.
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3.1.5. Verifying Magnet Placement.

Once theCANCodehas been installed, magnet placent should be verified. A properly distanced magnet should
result in agreen LED at all speeds and positiori#his test only requés the CANCoder to be powered. Wait 8
seconds after boot if CAN bus is not wired @ thedim-rapid LEpattern - Section 1.51). Verify the LED is

green. Ifthe LED is the encoder will still perform with a small reduction in accuracy. If the LED,ithe
magnet is either to close or too far away from the encoder sibg the supplied magngthe LED should only be

red if the magnet is too far away. This is only tiieen the encoder is mounted in its supplied housing. Increase
or decrease the magnet distance until the LEDdsn. Once magnet position is confirmetie magnet should be
secured using Loctite or epoxy. Loctite/Epoxy is usually not necessarydbsisadts.

Figure 3.15.

Note ¢ Image shows a CTRE Mawoder,
however CANCodeiso displays color LED
indicating magnet field strength.
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3.2. VEX PRO Single Speed Double Reduction Ge§2032454)

The output shaft of the VEX proGea2 E Kl & |+ dupné RAL YS i Syside Bfihageartog y £ 2 Ol
Figure 3.2 This extrusion needs to be removed before boring the pocket that will house the magnet. The

recommenaed tools for ths procedure aref | 1 KSX @ H p nafiper® pektibgftooliddiaiidza cirtikd téol fad

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 fargper training and use of machinenA lathe ca 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

¢CKS FTANBG &a0SLI Aa (fomkiB apuddaftii MgBre Billusirdtes Bokw i pelidghad|y
FYR I fFGKS OFly 6S dzaSR T2NJ GKAa Glalo /| 2YLX SGSfte& NBY:
A YSGSNI Aa NBYI-PYpyaO®F 62dzi ddnuné

Figure 3.2.1.

Lol AMALALA
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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 down until it is smooth and

allofi KS NB Y Ay Asi6is rémoped. éFiguR.@. Nllustrates the tooling used for this step. Figure
322220K26Qa ¢KIG (GKS akKlFFd akKz2dzZz R 221 tA1S FFAOASNI GKA& &

Figure 3.2.2.1
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3.2.3. Borimg 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 mounting location the pocket

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

02NB8 RSLIIK 2F 9 doyné¢ aK2dzZ R 0SS adFFAOASYl® ¢tKAa 27F O;
step 3.2.2. AcenteringdrdhouldbeuS R G2 a0GF NI GKS K2fS LINA2NJ 2 02NRYy3I o
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 face is flush witletncoder hasing (not the detent). Figui@2.3.1shows the

FAYLFE K2fS 0SAy3a o2 NBR2sHowdithe odtputdhaip with all dlFedessaby modificaiatzNg

and magnet installed.

Figure 3.2.3.1
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3.2.4. Mounting theEncoder

After the shaft has been completely modifigtie encoder housing should be mounted using the tsupplied3-

48 machine screws (Figure 3.2 4. Next place the ender inside thehousing (Figure 3.2.4.2 Insert the data

cable (sold separatelyhien place the housing cover and secure it withthe sigshppHy E Tkmcé &aONBS 6 C.
3.2.4.3. DO NOT OVER TIGHTEN TREESCREW AS THIS MAY RESULT IN PERMANENT DAMAGE TO THE
HOUSINGHAND TIGHTEN UNTIL RESISTANCE IS FELT.

Figure 3.2.4.1 Figure 3.2.4.2

Note ¢ Image shows a CTRE Mzgoder,
Figure 3.2.4.3 however CANCoder mounting is identical.

Note ¢ Image shows a CTRE Mawgoder,
however CANCoder mounting is identical.
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