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Analog Inputs

Included Files:
ACR Velocity.qcp
ACR Torque.qcp
ACR Pos Error.qcp

Many example program files can be found in the folder:
“.../QuickControl/QCI Examples/Analog Inputs”

Overview

The controllers of SilverLode product family use one of two analog input voltage ranges as
follows:

SilverNugget Oto+5.0V
SilverDust O0to+3.3V

When activated as single channels, analog channels 1 through 4 are assigned to I/O lines 4
through 7, respectively. When activated as differential channels, analog channels 5 and 6 are
assigned to /0 lines 4 - 5 and 6 - 7, respectively. The six remaining channels are reserved for
internal signals as detailed below.

Hardware

For accurate results, the analog input I/O lines should be driven from a low impedance source
(100 ohm or less) or should be shunted with a capacitance across the input to provide a low
impedance source for the internal Analog to Digital Converter (See Figure 1). C1 is typically
0.01uF. C2 is an internal capacitor, which is the primary signal filter.
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The internal analog to digital converter (ADC) provides 10-Bit resolution of the signal. This
value is scaled up by a factor of 32 and filtered via a digital filter. Due to the averaging of
multiple signals in the presence of sufficient noise, this usually yields another 2-3 bits of
dynamic range (effectively 12-13 bits). Analog signals with a range of 0 to +5 VDC will result in
4.88 mV (SilverNugget) per internal ADC count. Analog signals with a range of 0 to +3.3
VDC will result in 3.22mV (SilverDust) per increment internal ADC count. Including the x32
scaling factor, this is :

(2'° bits —1) * 32 = 32736 counts, 5 volts / 2210 = 4.88 millivolts/increment (after the filter)
(2'° bits —1) * 32 = 32736 counts, 3.3 volts / 210 = 3.22 millivolts/increment (after the filter)

(Note: without the effects of filtering and noise induced dithering, the output would change in
increments of 32 counts due to the basic 10 bit resolution of the ADC. With a proper input source
impedance, typical noise is on the order of 3 counts RMS indicating an effective resolution of better
than 12 bits.)

The inputs are taken with respect to the common voltage return ground. For high resolution readings, it
is suggested either to use differential input methods (described below) to minimize any ground shift
effects with varying loads, or to reference the input sensor to the logic ground connection, avoiding all
other ground references to prevent ground loops.

SilverLode Commands for Reading Analog Inputs

Analog Read Input (ARI): ARI does a single read of a

selected analog input and places the value in a selected
user data register. See SilverLode Command —
Reference for detallsl Channel Analog Channel #1 Description

Single channel ADC readings are scaled and filtered to Register Accumuiator [10] |
produce an unsigned 15-Bit value before being stored in
a designated user data register. Single channel readings
have a data range from 0 to 32652 (approximately 0 to [2'° - 1]) across the analog input
voltage range. For example, on the SilverDust; a reading of 3.3V would nominally correspond
to a register value of 32652. The slight reduction in range from the expected 32767 is due to
the 10 bit ADC as well as some rounding in the filter (The maximum value from the ADC is
1023 * 32 = 32736; Truncation due to finite resolution in the filter accounts for the remainder.)

Differential channel readings are performed by simultaneously sampling the related channels,
converting and then taking the difference (see below for details) are converted to signed 15-Bit
values with a range from —32562 to +32652 counts.

Analog Continuous Read (ACR): ACR puts the
SilverLode servo into a continuous read cycle that takgs Conlinuously readfiter ansog input nta selected
an analog reading every servo cycle (120 usec.). Putting | reaster NOTE: Orly the last ACR s active at

. . . aty given time.
the SilverLode servo into analog continuous read has no Caneel
effect on other operations; the servo performs the EYC N | Analog Channel 1 Desoiiption

readings in a “background routine” that is designed to Fiter  [3700  —————— | Hz I~ Enable
work without affecting the controller performance. When Register

Accumulator [10] |
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continuously reading an analog input the analog value is placed in the selected user data
register after each reading (every 120 usec). This provides a continuous update of the analog
signal allowing for better tracking. See SilverLode Command Reference for details.

NOTE: Analog continuous read can only be set up for one channel at a time. The command can
be re-issued at any time to switch to a different channel or redirect the data to a different user
data register.

ADC readings taken using the Analog Continuous Read (ACR) command are automatically
filtered with a low pass filter having a roll off frequency of 30 Hz. SilverDust units with a
software version of 36 or higher have the option of additional read channels as well as an
optional secondary filter.

Analog Channel Definitions

Analog Channel | External = Single or Description
110 Differential
Line(s)

#1 #4 Single 10-bit resolution scaled to 15-bit value
#2 #5 Single 10-bit resolution scaled to 15-bit value
#3 #6 Single 10-bit resolution scaled to 15-bit value
#4 #7 Single 10-bit resolution scaled to 15-bit value
#5 #4 - #5 Differential 11-bit resolution scaled to 16-bit value
#6 #6 - #7 Differential 11-bit resolution scaled to 16-bit value
V+ (Main Bus Voltage) | Internal N/A Raw ADC of main bus voltage
Temperature Internal N/A Raw ADC of processor temperature
V+ Scale Factor Internal N/A Main bus voltage scale factor
Processor V+ Internal N/A Raw ADC of processor voltage
Driver Temp Internal N/A Raw ADC of driver circuit temperature
Processor V+ Cal Internal N/A Processor voltage calibration factor
Velocity Internal N/A Raw Velocity measurement
Torque Internal N/A Raw Torque measurement
Position Error Internal N/A Raw Position Error measurement

Single Channel Inputs

The single channel analog input is the simplest way to input an analog signal. For single
channel usage, the analog signal is referenced to the servo logic ground. An input capacitor
may help minimize external noise pickup and will provide a low impedance source for the
sampling ADC built into the DSP. The low impedance is needed to minimize the voltage
variations induced when the ADC samples the input - momentarily connecting its small internal
sampling capacitor across the input.

Differential Channel Inputs

Analog “channels” #5 and #6 read the differential analog input for analog channels #1-#2 and
#3-#4 respectively. The differential channel analog input provides noise rejection of the analog
signals. In addition, the differential readings also double the resolution of the ADC reading from
10-Bit to 11-Bit if both inputs are varied differentially. The value read in by the analog inputs
digitally scale from -32562 to +32562. To achieve the full range, both inputs must be active. If
on the SilverNugget, for example, channels #1 & #2 are used in differential mode, +32562 will
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be read when #1 is at +5 volts and #2 is at 0 volts, -32562 will be read when #1 is at 0 volts
and #2 is at +5 volts. The two inputs are sampled (essentially) simultaneously, so common
mode noise and ground voltage offsets may be effectively canceled.

Special Internal Analog Channels
Several internal signals are also measured via the ADC and may be selected.

V+ Main Bus Voltage: This power supply voltage (and processor voltage is no separate
processor input voltage is present) is scaled down by an internal voltage divider. The resulting
non-calibrated V+ supply ADC count may be converted to volts using the V+ Scale Factor. The
scale factor is a calibration value determined at the factory and stored to non-volatile memory.
The voltage is calculated as follows:

V(volts) = (raw ADC ) / (V+Scale Factor)
See below for V+ Scale Factor.

Processor Temperature: This is the non-calibrated processor temperature of the SilverLode
servo. The temperature sensor is mounted to processor PCB for the SilverNugget, or to
processor/driver board for the SilverDust. It measures the component temperature which is
above the ambient temperature.

SilverNugget: T(C") = (raw ADC —9011)/ 147 + 3
SilverDust: T(C®) = (raw ADC - 4960) / 99

V+ Scale Factor: This is not really an analog channel; it reports a voltage calibration value for
the V+ Main Bus that is stored in the non-volatile memory (NVM).

Processor V+ (not available on all SilverLode products): This is the non-calibrated
processor voltage. It requires a calibration factor in order to get a usable result in volts.

V(volts) = (raw ADC) / (V+Scale Factor)

Driver Temp (not available on all SilverLode products): This is the non-calibrated driver
temperature of the SilverLode servo amplifier. It is measured via a thermistor bridge and
requires a calibration equation for a usable temperature result.

SilverNugget:  T(C°) = (raw ADC —9011) / 147 + 3

Processor V+ Cal (not available on all SilverLode products): This is not really an analog
channel; it reports a voltage calibration value for the V+ Processor that is stored in the non-
volatile memory (NVM).

Velocity (SilverDust Revision 36 and higher): This data reads from the upper word of
register 7. Normally, reading the actual velocity may be somewhat noisy due to the wide
bandwidth needed by the velocity signal as used by the control loop coupled with the
incremental nature of the encoder from which it is derived. Filtering the velocity signal provides
a better view of the actual velocity of the load.
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Torque (SilverDust Revision 36 and higher): This data reads from the lower word of register
9. This signal may be filtered (if selected) to remove higher frequency components present due
to the incremental nature of the encoder as well as the action of the control loop. This
produces a better estimate of the short term average torque than may be determined from a
single reading of the raw value.

Position Error (SilverDust Revision 36 and higher): This data reads from the lower word of
register 6. The raw error signal is highly dynamic. This function allows the signal to be filtered,
thus removing rapidly changing artifacts.

Connecting +/-10 VDC to SilverLode Analog Inputs
Tthe following circuit will convert a +10
to -10 V analog input signal to the 0 to i
5V or 0 to 3.3V signal level required by l

R

SilverNugget or SilverDust

respectively. +H-10%DC

Pectively input (V1) T
: )
Note: The two resistor networks have 3

the same schematic. The +/-10V is R2

read into analog channel #1 through ;E
the network as Va. The following

equation was used to calculate the
resistor values in the table below. V+ is
the 5v reference voltage provided via W
the SMI interface.

J_ f_jﬁnalng Channel #1
ofuF

zero reference

o—AAN,
(Vi-Va)/R3 + (V+ - Va)/R1 = Va/R2 R3 R

T
+H-10WDC % R

J_ |Analog Channel #2

;|;’EI.EI1L|F

SilverLode V+ Va Va

(Vi=0)  (Vi=-10)
SilverNugget |5V  |1K |[2K |2K |5.00V | 2.50V | 0.00V

SilverDust 5V 1K [ 2K 667 3.33V 1.67V_ | 0.00V

Although the channel #1 could be read by itself, QCl recommends reading channel #1 - #2.
Feeding the +/-10V zero reference into channel #2 compensates for differences in the
controller’s zero reference (logic ground) and the +/-10V zero reference. QCI recommends
using 1% resistors.
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Converting a 5V Signal to a 3.3V Signal

To convert a 5V signal to a 3.3V signal, use a voltage divider.

3.3v
5V V2
V1 -;: |
Analog
Input # 1
R1=1K nput #
noiuF
V2 =V1( R2 ) R2=2K
R1+ R2
V2 =8V 2K ) .
1K + 2K Figure 3 -5V to 3.3V
V2 = 3.3V

N

SilverDust 0-3.3V.

N

Note the above voltage divider is ideal for converting the SilverMax/SilverNugget 0-5V to the

A similar conversion can be achieved between using just software. To go from 3.3V to 5V,
multiplying the analog value by ( 5V / 3.3V ). To go from 5V to 3.3V, multiply the analog value

by (3.3V/5V).

Examples: SilverNugget/SilverMax ->

3.3V =21,626.22 21,626.22 * (5/3.3)

SilverDust ->

2.0V =19,858.79 19858.79 * (3.3 / 5)

SilverDust

32,767 = 3.3V

SilverNugget/SilverMax

13,106.8 = 2.0V

Label

Cormmand

Analog Fead Input:
“doccumulator[10]" = “Analog Channel #1"

Convert 5V to 3.3V.qcp Liet
This program uses a special CLD multiply command =
to, in software, convert 5V to 3.3V. See Technical 14
Document “QCI-TD026 Calculation Commands” for 5 FEM
details.

FCLD

Fultiply by 3.3 /5

Scale factor iz [3.3 /5] 6B53E = 43254

Corverted ADC reading[11] =
[Accurmulator10] © 43254 =18
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Example: V+ Main Bus Voltage

The V+ main bus voltage channel is read using ARI or ACR. In the example shown, a single
read of the channel is done and placed in the accumulator (Data Register #10). A single read
of the V+ Scale Factor is also taken and placed in Data Register #11. The accumulator is
divided by Register #11 to achieve the calibrated voltage. This is stored in Data Register #11

for future use.

Linet
Oper

1:REM

Voltage Calibration Equation S REM

ZARI

RV
CF

Raw V+ Main Bus Voltage
V+ Scale Factor

4:REM

5ARI
B:RE M

V+ Buss Voltage (vdc) = RV / CF

#:CLE
2REM
S.CLE

Label

Comrmand

Thiz Program reads the current %+ power supply vwaltage convertz it to a
Lzable value and stores it in Ueer Data Register #11

Read inthe "raw' W+ voltage walue into the accumulatar

Analog Read Input:
“tocurmulator[ 0] = "+ [Main Busz Wolkage]"

Fead the Y+ zcaling factor form Mon-olatile memony and store it in User
Data Register #11

Analog Read Input:
"Uzer11]" = "%+ Scale Factor”

Divide the W+ raw value by the zcaling factor to give a reading in "olts
“tecurnulator10]" = "Accumulatar 100" 'Uzer 117"

Write the calibrated voltage value to Data Register #11

"Uze11]" = "Accumulator[10]"

QuickSilver Controls, Inc.

Reading & Calibratina Main Bus voltage
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Example: ACR Velocity.qcp

The Velocity channel can be read using ARI or ACR. Using ARI to read Velocity is the same as
reading the lower half of register 7. Using ACR allows the typically noisy velocity signal to be
filtered. In the example shown, an ACR is used to read Velocity into User[25] through a 50 Hz
low pass filter.

Lines 5 through 7 are some simple moves to allow us to Linett Label | Command

analyze the low pass filter effect. Deet

1-REM keazure the Welocity during a

mote,

Apply ACR toVelocity with & low
pazs filter at a frequency of 50
Hz. Thiz outputs to a zelected
register
Analog Continuous Read:
FACR "Uzerl20]" = Welocity

50 Hz Filker

Warious Movements to display
different velocitiss

kowe 1000 counts (5
BMRT ramp time=99.96 mSec
total time=1000.02 mSec

biowe -2000 counts (2
E:MRT ramp time=99.96 mSec
total time=1000.02 mSec
biowe 3000 counts (2
TMRT ramp time=99.96 mSec
total time=1000.02 mSec

2REM

4:REM

Charting register 25 verses the unfiltered Velocity is a good way to understand the effects of
the filter.

To access the charting

program: B} QuickControl - [Q:\Supportiinfo DB\DeviQCI-AN Application Notes\QCI-ANO23_AnaloginputsiaC... (2(E][X]
File Edit Yiew NGy Tools Setup  Window Help
Add Line
Programs-> Tnsert Lins
N Edit Line T
Download and Chart S Edit Line Details T R NO
23H3 POL
. . i = i i 16:Dev #1 Diew #2
Program Line— Delete Line azure the Yelocity during a
(See flg u re)‘ Add [Critl-4) Disable Line VIE.ACF! Vel ith a | EINOJ- EINOJ_
Enabls Line iy b Welocity with a low ey B
Ingert [CntH] 2 filter at & frequency of 50 Dev #3 Diev 4
This will download the . oL
. Download | De Delete Progra!ﬂ alog Continuous Read: Dev #5 BLED ||Dev #15 BLED
current program and bring D2 Program Detais o2 = Velciy —
th t . h rt d . | Scaling L Scaling Hz Filter Dev #1 counts
1o | Rengister Fil rious Movements to display
oo ¢ STIP char dialog Tesle [P P i[5 J5 A58 T
OX Debug | 10 Names e 1000 counts & 100+ Iililililililili

. p time=99.98 mSec
Program List e o 2l lime=1000 08 mGec II II II II II 14 II II
Frogram Name ettt ve -2000 counts @ Scan Network | [Nt Paling
Erase Application in Device

p time=99.95 mSec
I al ime=1000 08 mSec Sligus Loy

Toggle Breakpoint F9 e 3000 counts @ 01 Comm Part Setup:
Clear all Breakpoints Shift-Fa p time=39.95 m5ec 02 8Bit ASCH Pratocol
Single Step F11 al time=1000.08 mSec 03 5?05'310 Baud Rate
Real-Time Trace shift-F11
Jurnp T Line

Device To Prog

Download the current program and open the chart,
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Figure 6 - Strip Chart Dialog Box

0 D 0 Q ppo 0 DB\Devi() Applicatio otes\Q
File Edit “ew Programs Tools Setup ‘window Help
D &|e| &) B &|=@ 5 2 B
Program Info Toolba Iai;:? Label  Command
. . , Frogram Line 1REM :De::ure the Welacity during a
CIICk Select C han neIS and | Add [CrthA) Edit [Cntl-E] Apply ACR to Yelocity with a low
H Insert [Crtl-l] | Delete [Crt-D] ' pasz filter at a frequency of 50
SeleCt Ve|OC|ty and User 25. ZREM Hz. This outputs to a selected
Programs Tegister
Analog Continuous Read:
Download | Download R estart T "
. ‘ y = 3ACH User25]" =Velociy
CI|Ck Run and Chal’t . Scaling Download/Fun 50 Hz Filter .
Test Line ‘ Fun wio Downlaad | 4REM \lj\‘fafl?::lhigl\;fi?ieezts to dizolay
Debug r tove 1000 counts @@
1 . EMRT ramp time=99.96 mSec
The program will execute and Progrem Lis fanp line-93.86 e
H H Program Name [0] hd Mave -2000 counts @
upon completion, the strip e o roe 35 B e
. . total time=1000.08 m5ec
Chart data WI” dISplay. Devi bove 3000 counts &
evice To Program :
TMRT ramp time=99.96 mSec

Restart |

total time=1000.08 m5ec

NOT
ENi=
Dev #2 BLED

0T NOT
ENA=
Dev #4 BLED

Dew #3 BL|

0T HOT
Dev #5 _BLED [IDev HE ﬁ
Dev #1 ’7 counts
\v0 [ [ [ T
oo P 1 I T
Vi [ T i s
Secan Network, Mot Polling

Statuz Log

01 Cornm Part Setup:
02 8-Bit ASCH Protocol
03 B7600 Baud Rate

Notice how the 50Hz filter

v

smoothes out the raw velocity.

=21 =1 e !

3937

Sample{ms] [3000

Select Channels | Fun and Chart |

3208

2479

1750

. “elocity - cps

1021
292
-437

“elocity, Reg 25

-1166

W Userzs) -
cps

-1895

2624

-3333

Timelms)

0 200 400 E00 3800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
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Example: ACR Torque.qcp

The Torque channel can be read using ARI or ACR. In the example shown, an ACR is used to
read Torque into User[25] through a 50 Hz low pass filter.

ACR Torque.qcp Download and Chart
EIEEF Label | Command CJolx
1-REM M eazure the Velocity during a 0| | S| |l B| %|%|e| 52| @ “Device Status Monito
: mave. . T T e T | Conmard pares Nox
Apply ACH to Torgue with a low Measure the Velociy duiing a TEDev i1 Deviiz  BLED
pasz filker at a frequency of B0 P’Xiif[”c“l”i] e ||| e NOT NOT
it it [CritH i - -
<REM Hz. Thiz outputs to a zelected Insert (CrtH) | Delete (Crtt0)| ||| o e Eﬁfl:@fri{ﬂ{i?u“:nﬁ‘“éfééw Dev #3 ﬁ Dev #4 ﬁ
. t — 'eZ.‘S E'\S outputs 1o a selects NOT- NOT-
:glsl & I: t H d Eujnluad Download/Restart JACR .:-‘I\Lnlgalégzg?lmiir}uous fead i 58 ﬁ —— ﬁ
JACR ..IjI a ':'[925]'? .r-l_lr:ll-l'“:'uS Fad Soaing | Downlaad/Aun i i Dev #1 (400003 counts
: s T’_‘f; e nraue e e | | i oo o o
; : G L SMRAT o e S e op. D1
4FEM Warious Movements ta display e et o
different torques Wﬂ;;m”aum; (0} s Y| | - Hore Yo Stop Poling | [Poling
b avwe 100000 counts (& W10 wsed | ::ta\ tur;;;;ggu.na ng S;gt?;Lo‘gas
i . . [revice To Program ouE SN - Motar=l -Grade -
T ot it 000 0 s M A | MR
MDVE -2[":":”:":' EDuntS @ File Edit View Setup E”E‘El
B:MRT ramp time=99.96 mSec .
tntal time:'l DDDDB |T|S er == EAr=1 @ ‘ Sample[ms]‘dUUU Select Channels ” Run and Ehall ] .
b e 300000 counts (2 -
TMET ramp time=99.96 mSec =
total time=1000.08 m5ec =
21
This program configures User[25] to store T
the torque data. This data runs through a g t
50Hz low pass filter. Without the filter, the - [ I
raw torque data contains more high
frequency components associated with the .
operation of the control system. The 2 ?
filtered data may be seen in the chart. 5
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000
Timeqms]

QuickSilver Controls, Inc.
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Example: ACR Pos Error.qcp

The Position Error channel can be read using ARI or ACR. The ACR provides the option of
using a filter to remove high frequency components associated with the use of an incremental
encoder. In the example shown, a continuous read of the channel is used, with the filtered
output placed in User[25].

ACR Position Error.qpc

Linet
Oper

1:REM

ZREM

3ACR

4:REM

BMRAT

E:MRAT

TMRAT

Label

Command

Meazure the Velacity during a
Moe.

Apply ACR to Poszition Ermar with
a low paszz filker at a frequency
of 1800 Hz. Thiz outputs ta a
zelected register

Analog Continuous A ead:
"Uzer[25]" = Position Error
1502 Hz Filter

Warious Movements to dizplay
different errar

bdovee 100000 counts &
rarmp time=99.96 mSec
total time=1000.08 mSec
Mowe -200000 counts (@
ramp bime=93.96 mSec
total time=1000.08 mSec
ke 300000 counts (&
ramp time=99.96 mSec
total trne=1000.08 mSec

QuickSilver Controls, Inc.

Download and Chart

&94.‘"‘-\.- Contro -] Q:\Support

S\0CI-A

Program Line:

Add [CrthA) Edit [Crtl-E]
Insert [CrtH] | Delete [Crtl-D)
Programms
Download | D ownload/Restart
Scaling Dawnload/Run
Test Line | Run w/o Download

Debug [
Prograrm List

Program Name [0] -
30 of 1023 words used

Dievice Ta Program

Restart

File Edit WView Setup

D|@|2|a|f| 6 4|%6 s/ 8

Ei;j Label | Command
teasure the Welocity during a
T:REM s
Apply ACR to Pozition Eror with
SEEN alow pass filter at a frequency
d of 50 Hz. This outputs to a NOT NOT
selected register EHA= ENA=
Analog Continuous Fead: Dev #5 BLED ||pey #t5 BLED
ACR "User28]" = Position Errar
1502 Hz Filter Dev #1 ||200003 counts
; Warious Mavements ta display
LRl different eror B Iilililililili
Move 100000 counts @ 5 i i i i i [
BMRT ramp time=39.96 mSec B
total time=1000.08 mSec lililililililili
Miove -200000 courts @ Stop Paling Palling
EMRT ramp time=33.96 mSec
tolal lime=1000.08 mec Status Log
tove 300000 counts @ 1716 Motor=0Cl 1-Grade 23H-3 A
TMRT ramp time=33.96 m3ec
total time=1000.08 mSec

=] B = R

48

Sample(ms) [4000

Select Channels Il Run and Chart |

[ Position Error -

courts

37

26

W User[25] -

Posttion Error, Reg 23
]

-29

courts

-40

-51

-62

h

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000

Time(ms)

Page 11 of 11



