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Controlling Animatronic Mechanisms with Various Interfaces

Included Files:
e QCI-AN079_0tolOv_Interface.qcp
e QCI-AN079_DMX_Interface.qcp
e QCI-ANO079_CAN_Interface.qcp

This application note is to demonstrate the programming flexibly of QuickSilver Controls’
SilverMax™ X-series fully integrated hybrid servo motors and their conventional non-integrated
SilverSterling™ series servo controller/drivers in animatronic and show applications.

SilverMax X-series servo motors and SilverSterling series servo controllers both support various
interfaces common in the animatronic and show industries. With multiple interface options, the user
is free to select the desired servo motor controller interface and not be constrained by product
capabilities.

This application note provides example programs for controlling a rotary axis with the following
common animatronic/show interfaces:

1. 0to 10v Analog Input*
2. DMX-512
3. CANopen

*SilverMax X-series servo motors include circuitry to directly interface with a 0 to 10v analog input. For SilverSterling
series controller/driver, contact factory for 0 to10v analog interface options.

Mechanism

In this application note example, the mechanism consists of a NEMA 23 SilverMax X-series servo
motor (not shown) driving a 50:1 gearhead with a home limit switch. The NEMA 23 SilverMax X-
series has an encoder resolution of 8,000 counts/revolution. The clear blue piece is used to
illustrate an animatronic rotary joint, such as an elbow, shoulder, knee, etc.

=

Fiaure 2 — Axis rotated 90 dearees CW from home

Figure 1 - Axis is homed

Alternatively, in applications with size and/or weight constraints, the integrated SilverMax X-series
servo motor and gearhead may be replaced with a more compact 3" party geared motor, such as
a Harmonic Drive 3-phase geared servo motor with position feedback, paired with a SilverSterling
servo controller/driver. Contact Factory for options.
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Homing to Sensor

All program examples provided in this
application note include a homing
routine that homes the motor to a
sensor wired into 1/O #1. The home
sensor is assumed to be active LOW.

Additional homing methods are
discussed in Application Note ANOO1 -

Homing Technigues.

On power-up, the motor is
programmed to find the home sensor.
If the home sensor is active on power-
up, logic is included to move motor
away from the home sensor until
inactive before reversing direction
towards home sensor.

After the sensor is found, software
stop limits are implemented as a safe
guard to only allow commanded
motions within a safe travel range.

Once homed, the servo motor
program will enter one of the following
three interfaces described in this
application note:

1. 0to 10v Analog Input
2. DMX512
3. CAN Bus

Total Range of Travel

For the NEMA 23 SilverMax X-series
servo motor, from the home sensor,
the total range of travel is ¥4 turn (90°)
of the 50:1 gearhead output shaft.
This equates to:

50 revs * 4 *8,000 counts/rev
Total Range of Travel = 100,000 counts

The maximum interface input (10v for
analog input and 65535 for DMX/CAN
16-bit input data) will be scaled to the
total range of travel, which is 100,000
counts in our application.

Line#
Oper

1:REM

ZREM

SCIC

4REM

501

E:REM

FMRY

BREM

IMRY

10:REM

11401

12:REM

13:R&Y

14:REM
15:ZTP

18:REM

17:WwWRP

18:WRP

13:55L

20:REM
21:LRP
22:REM

23WRP

24END
25:REM

Label

MOWVE TO
HOME

SEMSOR
FalLT

Command

QCIAMO07S_Dtol0v_Interface. qop

Interface: O to 10y

Matar MEMA 23 Sikeeri an M-zenies

E nizoder Rezolution: 8,000 countsrevalution
Geathead R atio: 50:1

Tatal range of travel: 100,000 counts
0 > Home Pazition [0 counts)
100 > Max Travel (100,000 counts)

Uze Contral Constants [CTC) to "loosen up the servo loop for & smather velocity controal.
Suggest:
Kp=1/2 default
Kal=0

K= 1/2 default
Kol = 1/2 default
Ka=0

Kaff =0

Ki=0

Control Constants:
Kp=30

Kwl=10

Kw2=3

Kuff =3

Ka=0

Kaff =0

Ki=0

Continue to "MOVE TO HOME" If currently not on hame sensor. Otherwize, move CW ta
biack off until not on sensor.

Jump On Input to "WMOWE TO HOME"

“when "I/0#1 - Home Sensor is HIGHATRUE

Back off from home genzor and stop when either |/0#1 goes HIGH. The 440,000 count
move iz to guarantee gearthead moves at leazt one full revalution.

Fave 440000 counts (5

acc=30001 cpeds

wel=10000 cps

Stop when "1/0#1 - Home Sensor' iz HIGH/TRUE

Move towards home sengor [COW) and stop when either 1081 goes LOW or motor moves
201,000, The -301,000 count move iz to guarantee we move at least one full gearhead
revolution to find home sensor,

taove -440000 counts &

acc=30001 cps/s

wel=10000 cpz

Stop when "1/0#1 - Home Sensor' iz LOW /FALSE

If home genzor was not detected, jump to "SENSOR FAULT" ta terminate program.

Jump O Input to "SENSOR FALLT"
When "IAOHT - Home Sengar is HIGHATRUE

Wihen home senzor iz detected, motor position s automatically recorded to the dedicated
Last Trig Position[4] register.

fove to absolute position in Last Trig Position[4] register.
Maove to location stored in

"Last Trig Pozition[4]" Reqgister @&

acc=16000 cps/s

wel=B8000 cps

Zero the target and actual position. Maotar iz now homed.
Zern Target and Pozition

Drefing zoftware limits az a zafe guard againgt commanded motions outgide an allowable
range.

Wiite 0 to

"Soft Stap Limit [COWS0]" Register

“whiite 100000 counts ko

"Soft Stap Limit (Cw[51]" Reaister

Soft Stop Limits:

"Soft Stop Limit [COW[S0]" Register for Minimum

"Soft Stap Limit (Cw/[51]" Reaister for bMaximum

Load and run controlling interface

iLoad And Run Program:
iProgram = "0t 10y Analog Input”

If home senzar was not detected, terminate program.
“w/rite 0x0000000F to
"Uszer100]" Register

End Pragram

Figure 3 — Home to Sensor


https://www.quicksilvercontrols.com/SP/AN/QCI-AN001_HomingTechniques.pdf
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0 to 10v Analog Input

The 0 to 10v analog input is scaled from 0 e Label  Command
Cou nts (home pOSItI On) to 100 1] OOO CO u ntS ZREM ggé configuresllhe ser\_u'odto ciont\nusously re[?d th%'ﬂ to_‘l O input’’ analog channel. The
(Total Range of Travel), respectively. i~ ASa|o°g|°|EEtn{?£u”o'J§ R E%Eﬂ% - e
- "Uszer | Input Source Data12]" = 0-10w input
TO aChIeve thlsa the POSItIon InpUt MOde (PIM) HEM E:Eti:lsi::[c::ignfallgf;\fea::r?set input offset to zero.
command function is used to automatically BWRP e & Oifse{ 13" Regiser
control and scale motor position proportional  |sren Risiz 14 -1t Do
. et dead band to zero..
to the analog input. _ wite D to
7w/RP "Uszer | Input Dead Band[14]" Register
Line 3: ARX command confi gures the ADC BRE E:_rgin?s e s dlowed data, Wi the fl range being 032760,
continuously convert the 0 to 10v analog input |swee o Moo ScallL (151" Rt
and copy the ADC result to Input Source Fleg 16 = Max (Ltput Scale
. Diefines the masimurm autput that comesponds ta the masirmum input. Far our example we
Data[lZ] reg |Ster. RN want the maximum output to be +100,000 counts.
1 motor revolution = 8,000 counts
. . . A0:1 gearhead autput = 50 8000 counts = 400,000 counts
Llnes 5-15 * Defl ne regISte rs used by P I M 1.."4? of gearhead output (90 degrees] = 400,000 * 144 = 100,000 counts
CO m m an d " 11:WwRP '\:E[Isteer} ID\"ID‘EEEﬁutrﬁ Output Scale[16]" Register
InpUt Offset [13] 12REM Fegl17 = D_qtput Offzet ) )
I n pUt Dead Band [14] o~ mti::zaﬁzsnlona\ offzet when the PIM terminates. In thiz example, set offzet to zero.
H i "Usger | Dutput Difzet[17]" Regizter
Max!mum Scale[15] Q;%g§=°D“‘Df‘Ha‘ig’U %’“SEQE
MaXI mum Scale OUtpl'It[16] T4REM 2D:DDU gga::zx’z:g ;\lill be the initial vg_loc:ity for the first 5 geconds. To thiz to allow the motor
Output Offset[17] i:f:::\;ﬂéoﬂtuh;:::t:l cormmanded position at a reduced speed
Output Rate Of Change[18] 15:W/RP "Uszer| Dul;!ul Hal.e of Change[18]" Register
16:REM Enable Muli-T asking to run commands after the PIk command.
1TEMT Enable Muli-T asking
Llne 1 1 Sets total range Of travel . If m Od |fy| n g VIR Enter Position Input Mode and use data in registers [12] though [18] to scale motor pogition.
. . . 19:PIM Position Input Mode:
this line, note to also modify the software stop
. . . . 20:REM Delay before setting final motor speed. This is done in caze the analog input is commanding
||m |tS |n the hom | ng p rog ram . . ifh;on;ﬁm to move a long distance, we want the motor to reach thiz position at a reduce
21:.0LY Dielay fo.r B000 mSec
Llne 15 Sets mOtor VelOCIty to Contr0| hOW faSt E:ﬁnﬁ ;EtLoltrp\thE;:: T:;ectgmaees howe Fast the mator reacts to commanded pogition
m OtO r Can reS pO nd tO C h an g eS | n . 22N wi?ﬁoaoeecisziT_I:S;fS‘IeDCDTD?D_%DCEErTSESEC, the motor is c:a_pable of moving the tatal range of
Com mand ed pOSItlon . For Im m ed I ate moto r S~ ::[\ir'tzl 5100000,3300;0?:3] in one second. Reduce velocity for safter starts and stops.
response to commanded position, increase : oet[Butpor Ao of e[ e
velocity. For softer starts and stop, reduce Figure 4 — QCI-ANO79 0Oto10v_ Interface.qcp

velocity. Note: Initially, motor velocity is at a reduced valued for 5 seconds to allow motor to wind-
up to target position. After a brief delay, velocity is increased.

® ° Register Watch =R

Once program is downloaded, registers may be modified via the
Register Watch tool (Tools - Register Watch) with changes to

Add Register | Mave Up | Unit ID=016 UID=16

registers being applied on the fly. This allows the programmer to DiosAogn]_Wowbom |_dveems |
test register parameters without having to redownload program. AT e - o
Ut It Dot Bardidl 0
Suggestions e e ot
If Input Source Data[12] ADC result doesn’t zero out with @ Ov input, || | 6o te d thoreetiel | 200000 coo

this offset can be cancelled by adjusting the Input Offset[13]
register. On the opposite end, if motor doesn’t reach the full length Figure 5 — Register Watch Tool
of travel for 10v input, adjust the Maximum Scale|Limit[15] register.

For velocity “jog” control, rather than positional control, the Velocity Input Mode (VIM) command
function is available. For more information on Input Mode command functions, refer to Application
Note ANO47 - Input Mode.pdf
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DMX512

The DMX protocol transmits data in bursts (DMX
packet). A DMX packet begins with a start code
which identifies the data type followed by up to
512 individual bytes of data called slots or
channels. Each slot carries 8-bits of information
and can hold a value from 0 to 255. QCI’s devices
can map a single 8-bit slot, up to four contiguous
8-bit slots, providing 32-bits of DMX data.

The application program will map 2 contiguous 8-
bit slots (16-bits) for a total incoming DMX data
range of 0 to 65535. DMX slots 10 and 11 are
mapped to user register [41], then the contents of
register [41] is copied to the Input Source Data
[12] register. The program uses the same PIM
command function as the 0 to 10v application
example above. However, instead converting
analog input to ADC counts into Input Source
Data[12] register, the program will map DMX data
into Input Source Data[12] register.

Lines 3-5: Configures communication for DMX
protocol.

Line 7: DMRM command defines a single register
map. The DMRM command can define up to 6
separate register maps to map additional DMX
slots within the same DMX packet.

Lines 19-32: Define registers used by PIM
command:

Input Offset [13]

Input Dead Band[14]

Maximum Scale[15]

Maximum Scale Output[16]

Output Offset[17]

Output Rate of Change[18]

Line 32: Sets motor velocity to control how fast
motor can respond to changes in commanded
position.

Line 46: Copy mapped DMX data from register
[41] into Input Source Data[12].

Refer to Application Note AN045 — DMX512
Protocol.pdf for more information on advanced
DMX-512 configuration options.

Linett
Oper

T:REM

ZREM

3BRT
45IF

5PRO

EREM

FOMRAM

18:REM

13WRP

20WRP

21:REM

22WRP

2ZREM

24P

25REM

26:RP

27:REM

2BWRP

23REM

30WRP

31:REM

F2WRP

IIREM
34:EMT
3I5REM
3E:PIM

3I7:REM

3EDLY

3IZREM

4001

41:REM
42MP
430LY
44:REM
45MAP

4E:CLY
AT:MP

Label

Command

OC-ANO7_DM_Intertace qop
Interface: OM<312 Protocol

Mator: NEMA 23 Silveriam X series

Ercoder Resalution: 8,000 counts/revolution
Geathead Ratio: 50:1

Home Sensor: Wired to I0HT [active LOW]

The application program will map 2 contiguous Bt slats or channels [16-bits) for a tolal DM data rar
EE535. The two continuous DM slots are 100and 11,

PIt command accepts a 15-bit signed input, +/- 32767, Because the DM input data range iz an uns|
0 to 65535, the program will shift the DM data input to fit the PIM command input then scale the Db
total range of travel,

Configue commurications parameters for DMX Protocol
Baud Rate = 260K

Serial Interface = AS-485

Pratocal = DM, 2 Stop bits, Mo Parity

Baud Rate = 260K-DX Only

Serial Interface = RS5485

Protocal = DR

2 Stop Bits, Mo Parity

Canfigure DMAM command to map contiguous DM Slats 10 and 11 inta Register 41
DM Register Map:

Hurnber Reg Maps=1

Map 1: D Slot=10, Reg=Data from DX Slots 10 % 11[41]

Clear rzgisters 41 and 12. The controller will map DM data ta register 41, The QCP program takes thi
register 41 and copies the same data to register 12, which is used as the source data for PIM comma
“rite 0 bo

“Data from DM Slats 10 & 11[41]" Register

rite O to

“User | Input Source Data[12]" Register

Fiegister 13 = Input Offset

Offzet incoming DM data By 32768
Wdite 32767 to

“User | Inpuat Dffset{13]" Fegister

Fiegister 14 = Input Dead Band

Set dead band to zero.

tdite 0 bo

“User | Input Dead Band[14]" Register

Feg 15 = Max Input & Scale

Defines the maximum allowed data. With the full range being 0-32760

twitite 32767 to

“User | Maximum Scalellimif15]" Register

Reg 16 = Max Output Scale

Defines the masimum output that comesponds t the masimum inpul, For our example we wanl the me
to be +100.000 counts.

Tatal Range of Travel [TRT] = 100,000,

1 mator revolution = 8,000 counts

501 gearhead output = 50 % 8,000 counts = 400,000 counts

Scale DM 0 ko 65535 to 1/4 of gearhead output [0 degrees)
8,000 * 50 = [1/4] = 100,000 counts

totor Position = [ Data - 32760)/32760] * (1/2 of TRT] + (172 of TRT)
totor Position = [ Data - 32760)/32760] * (50,000] + (50,000

I Dy to intenal iounding, multiply the 1/2 [TRT] by 1.0041 T

tax Output Scale[16] = 1/2 Total Range of Travel *1.0041 = 50,000 % 1.0047 = 50,205
‘it 50205 counts to

- “Uszer | Maximum Output Scale[16]" Register

{ Rieg 17 = Output Difset

...} Adds a positional offset.

LOOP -
REDUCED
SPEED

LOOP - FULL
SPEED

“irite G000 counts to
“User | Output Offset[17]" Register

Fieg 18 = Dutput Rate of Change
20,000 counts/sec = 150 RPM

20,000 counts/sec wil be the initial velocity for the first § seconds. To this to allow the motor b move:
commanded position at a reduced speed.

“drite 20000 cps to

“User | Output Aate of Chanae[18]" Register

Enahle Multi-T asking allows the program to continue processing commands after the Fitd command.
Enahble Multi-T asking

Enter Position Input Mode and use data in registers [12] though [18] to scale motor position
Position Input Mode:

Only load Delay Counter[5] register with a time. 'When this timer expires, the velocity will be increased.
Delay
Load Counter Only with S000 mSec

Copy DM data hom register 41 to register 12

User | Input Source Data[12] = Data from D Slots 10& 11[41]

“éhile delay counter is active [hasn't expired], jump to loop label "LOOF - REDUCED SPEED™
Jump to "LOOP - REDUCED SPEED"

It Delay Counter Exhausted FALSE

Delay

Load Counter Only with S000 mSec

Dince delay courter has expired, set final velocity

“werite 100000 cps to
“User | Output Rate of Change[18]" Register

User | Input Source Data[12] = Diata from DX Slots 108 11[41]
Jump to "LODF - FULL SPEED"

Figure 6 — QCI-ANO79_DMX_Interface.qcp
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CANopen

The CANopen program example configures
an Receive Process Data Object (RPDO) to
have the unit to receive 16-bits of data
transmitted from a remote CAN device with
CAN ID of 1. The data is assumed to be
transmitted and received via CAN Channel
#1. The data is mapped to Input Data Source
[12] register, where the PIM command uses to
scale motor position.

Lines 3-5: Configures CAN baud rate and
CAN ID.

Lines 7-18: Configures the unit to map CAN
data to its local register, Input Source
Data[12] register.

Lines 20-32: Define registers used by PIM
command:

Input Offset [13]

Input Dead Band[14]

Maximum Scale[15]

Maximum Scale Output[16]

Output Offset[17]

Output Rate of Change[18]

Line 32: Sets the initial motor velocity. The
initial motor velocity is reduced to prevent the
motor from taking off at a high speed when
first entering PIM.

Line 40: After an initial delay of 5 seconds, the
final velocity is set.

Refer to SilverLode CANopen User Manual
for more information on CANopen.

Linet
Oper

1:REM

ZREM
3CBD
4:REM
5:CID

B:REM

F:CRML

17:REM
18:CHL
13:REM

20:RP

21:REM

Z2WHRP

23REM

24WRP

25:REM

2B:WRP

27:.REM

28:WRP

29:REM

30:WRP

31:REM

J2WHP

33REM

FLEMT
35:REM
3E:PIM

37:REM
38:0LY
3REM

40:wRP

Label

Cammand

QCI-AMO7Y_CAM Interface qep
Interface: CANopen

Motor: NERA 23 Sikverkd ax H-series

Encoder Resolution: 8.000 counts/revalution
Gearhead Ratio: 50:1

Hame Sensar: 'wired to I0#1 [active LOW)

The application program will map 16-bits of data via CAM for a total data range of O to E5535,

PIt command accepts a 15-bit signed input, +/- 32767, Because the CAMN input data range
iz an unzigned 16-bit, 0 to BS535, the progranm will shift the CAN input data to fit the PIM
command input then scale the CAM data to the total range of biavel

Set CAM Baud Rate to 1 Mb/sec
CAN Baud Rate = 1 Mb/Sec

Set CAN D ta match the Unit 1D
CAN ID=Urit ID

Configure Receive Process Data Object [RPDO] to have unit map/receive CAMopen data to
local register.

Azzuming Remate Unit [0 #1 iz transmitting CAN data,

CRML:CAM Register Map, Local

Remate Unit 10: 1

Remate Tx Channel: H1

Local Rx Channel: #1

Local Register: User | Input Source Data[12]

Configure unit to enter operational mode. This initiates the unit to begin mapping CAM data.
CAN NMT State = Operational

Clear reqister 12
Wiite 0 to
"User | Input Source Data[12]" Register

Register 13 = Input Offsat

Offzet incoming CAMN data By 32767
wirite 327ET to

"User | Input Difzet[13]" Register

Regizter 14 = Input Dead Band
Set dead band to zero..

Write

O0to
"Uszer | Input Dead Band[14]" Register

“Wiite 32767 1o

?F\eg 15 = tdaw Input & Scale
iD

s the masimum slowed data, 'With the full range being 032760

"User | Masimum ScalelLimit[15]" Register

Reg 16 = Max Dutput Scale
Defines the maximum output that cormesponds to the masimum input. For our example we
want the maximurn output to be +100,000 caunts.

Total Range of Travel [TRT) = 100,000,
1 motor revolution = 8,000 counts
501 gearhead output = 50 * 8,000 counts = 400,000 counts

Scale CAM data, O'to 65535 to 144 of gearhead output (30 degrees)
8.000% 50 1/4) = 100,000 counts

Matar Posiion = [[CAM Diata - 32760/32760) * (142 of TRT] + [1/2 of TRT]
Matar Posiion = [[CAM Diata - 32750)/32760] * (50,000 + (50,000]
A A 0

i Il D bo internal rounding, multiply the 1/2 [TRT] by 1.0041 11 m
e R

bz Dutput Scale[16] = 1/2 Total Range of Travel = 1.0047 = 50,000 = 1.0041 = 50,205
white 50205 counts to
""Usger | Mamimum Output Scale[16]" Register

FAeg 17 = Dutput Offzet

Addz & positional offzet

‘white 50000 counts to

""Usger | Output Offset[17]" Register

Reg 18 = Dutput Rate of Change

20,000 counts/sec = 150 RPM

20,000 countszec will be the initial velociy for the first 5 seconds. Ta this to allow the motor
ta move to the initial commanded position at a reduced speed.

Wirite 20000 cps to

"User | Output Rate of Change[18]" Register

Enable Multi-Tasking allows the program to continue processing commands after the Pl
command.

Enable Multi-Tasking

Erter Pazition Input Mode and use data in registers [12] though [18] ta scale maotar position.
Position Input Mode:

Delay for 5 seconds.
Delay for 5000 mSec

Once delay counter has expied, et final velocity.

wirite 100000 cps to
"User | Output Rate of Change[18]" Register

Figure 7 — QCI-ANO79_CAN_Interface.qcp
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