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Introduction

PowerTools cam has the ability to chain or link cam tables, the chaining path can be set at
the time the program file is downloaded to the drive or they can be dynamically modified
by a user program. Chaining has some restrictions on how the data is arranged and this
application note will detail the requirements.

This application note shows how to take advantage of the forward and backward cam
table chaining feature of cams within PowerTools to perform the following common
functions:

1. Break up a single cam table into multiple cam tables
2. Dynamically chain cam tables
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Chaining Cam Tables
Chaining is the procedure of allowing one cam table to blend into another. This allows
for great flexibility in how the cam is implemented.

Let’s start with a single cam table as shown here:

:I Chain To Mext Camn Table
Cam Mumber [0 s

= = Repeat 1

Name CamT able0 Fonward Chain |1 Stop
Cam Type  |Master Follower Backward Chain ,1_ Stop

Time Base ’m

[~ “Wiiteshls

Cam Table ] Cam Globals |

Initial and Final Velocities
Load C5v | Evror Check

Initial “elocity 1. 1evsm
. Save CSY | C:ADocuments and S ettings\mmontouriDesktophcam Full cay
RNy 1L EeEhi Usze keyboard insert/delete keys ta add/remove paints.
¥ Plot Position | Plat Yelocity [~ Palar
™ Legend [ HotSpots [ CrossHairs [™ Zoom Enable
1.00 + MF-Abs tdaster 5] | Follower (rews|
C Start 0.000000 0.0000
C 1| 1.000000 00174
0.75 T 2| 2000000 0.0343
- 3| 2000000 0.0523
r 4 4000000 0.0657
050 5| 5000000 0.0871
C B[ E.000000 01045
’g 0.25 T 7| 7.000000 01218
@ - 8 2000000 0139
E C 4| 9.000000 01564
% 0.00 - 10] 10.000000: 01736
QC_’ L 11] 17.000000¢ 01908
= r 12| 12.000000 0.2073
g -0.25 +— 13| 13.000000 0.2243
= L 14| 14.000000 02413
& C 15| 15.000000 0.2588
-0.50 — 16| 16.000000 02756
B 17| 17.000000¢ 0.25923
C 18| 18.000000 03030
-0.75 T 19| 19.000000 03255
r 200 20.000000 03420
- 21| 21.000000 03583
-1.00 — I o e e Y 29| 22 poonon 0.3745
I I I I I I I I
0 50 100 150 200 250 300 350 23) 200000 03807
Master (s) 24| 24.000000 04067

The table is comprised of 360 rows; the Master column contains values 0-360,
representing an angle in degrees of the master motion or can be real time. The Follower
column contains the value of function Sin(master angle). Creating this table is very
simple procedure when using a spreadsheet program and importing the CSV file with the
Load CSV button.

Control Techniques Americas
12005 Technology Drive, Eden Prairie, MN 55344
Phone: 800-893-2321
Fax: 952-995-8020

G SONTROL
'TECHNIQUES



s PowerTools Pro Application Note

EMERSON. _ PTAN #4, Rev. 1, 3/30/2009

i Applicable Products: Epsilon EP-P, FM4E,
f]ﬁi]{ ustr IEIJ Automation SM EZMOtiOI’], Digitax ST-Z

For our chaining example, we will take this single cam table and split the table up into
four tables chained together. The easiest way to create these tables is to open a
PowerTool EP-P file and click the Save CSV button; this will save a template file onto
disk. The CSV file can then be opened in Excel or other spreadsheet software, the
desired data can be manipulated and saved in a modified CSV file. Then click the Load
CSV file to import the data into PowerTools. Be aware that the header information in the
CSV file contains comment lines that start with a semicolon (;) and a file type delimiter
contained within square brackets (e.g. [MF] ). The file type delimiter must be the last
line before the data values start.

To split the table, use the spreadsheet program to take only the portion of the total table
needed. For our example we took the 0-360 degree array and split it into four tables
every 90 degrees. The first table is 0-90, the second table is 90-180 and so on.

Cam Table 0: 0-90

| ~Chain To Next Cam Table
= Awis 1 Eam hurher |1 :‘ Repeat 1
] ’
= EGWI: e FowadChain |1 Camlablel
rapl -
. T‘ Setip Cam Type Master Follower Backward Chain [3 CamT able3
-0 Devicss Time Base | Rsaltine -
=@ 1/0 Setup I~ iiteable
- ¥4 Motion
"
= Jogs Cam Tabls | Carn Gkl |
Initial and Final Velocities
% it Homes Load C3V | Eron Check
= A Indexes Tnitial Velociy 1. revs/m
# Gearing Save C5Y | £:\Dosuments and Settings\mmortoursDesktopioam(1] osv
e Final Velocity 0. revsém ) _
= amming Use keyboard insert/delete keys to add/remave points
L CamniTabled W Plot Posiion [~ Plat Yelacity ™ Polar
@ CamTablel B et (G (M Gl | T B
@ CamTable2
@ CamTahle3 1.0 MFabs  |Master(s) | Follower fievs)
T Torgue Mode - Start
Ay Profiles L
1| 1.000000 00174
= [@ 4ll Programs 0.9 -
= [ Frogams C 2| 2000000 00349
Frogram0 08 - 3| 3000000 00523
& @ Real Time Programs =T 4| 4.000000 00857
#-[@ cyclic Programs C = 5000000 o871
-’E Network 07 r
4 6 £.000000 01045
= C 7| 7000000 01218
d r
o 0.6 3 8.000000 01331
= C
- = a9 g.000000 01564
5 C
= r 10| 10.000000 0173
2 05 L
z C 11| 11.000000 01908
= C 12| 12000000 02079
5 04 L
z F 13| 13.000000 02249
= = 14| 14.000000 02419
L 03+ 15| 15.000000 02588
r 16| 16.000000 0275
02 17| 17.000000 02923
R 18| 18.000000 03030
01 T 19| 19.000000 03255
C 20| 20000000 03420
00 C 21| 21.000000 03553
-T\‘II\\:\\\\:\\\\:II\\:IIII:II\\:I\\\:\\\\:\\\\:I\ 22| 22 oonoon 03745
0 10 20 30 40 50 60 70 50 90 25| 23000000 03807
Master (s) 24| 24.000000 0.4057
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Cam Table 1: 90-180

il Vlodiy 1.
¥ ot Postion [~ Flot Velocity

™ Legerd I HoaSpots [ Creas Mo
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1.0 +

= @ Al Programs 0.9
B Progams L
@ Programo
+ [ Roal Time Prograrms 0.8 4
e -
+ @ Cyclc Frograms r
& =3 Hatwerk

07
06 +
05

04

Follower Position (ravs)

0.3 4
0.2 4

0.1 +

0.0

90 100

Mo i e L L L1l
L L T T T L T

110

120

130 140 180
Master (s)

150 160 170

MFahs | Master (1) | Foowes reva)
Seat
1| 91.000000 0 3|
2| oo LEH
3,000000 099
4] 000000 0gaTs|
L LE
Bl 26000000 09945
7] 57000000 [k
Ll LE =
& 000000 n8arT|
104 100,000000 0,503
11| 107000000 0586
12} 102 D000 nara
13 103000000 09743
14] 104.000000 09703
18] 108 0O0E00 LE
16| 106000000 09612
17] 107.000000 09903
V] 108 OCEN0 LESL
13 109000000 05455
204 110,000000 09247
F R 0EE
22{ 112000000 9272
23 113000000 09205
24 T34 000K kS

In order to make the chaining work perfectly, the following table’s starting row must
match the preceding table’s ending row. As shown here:

Cam Table 0: 0-90

| i, LUy
87| 87000000
88| 88.000000
83| 83.000000
30| 90.000000

(%= el
0.9336
0.9334
0.9332
1.000

Cam Table 1: 90-180

MF-&bs

Master [g] | Fallower [revs)

Start

e

e L I S et

30.000000 1.0000
31.000000 09333
32.000000 0.9334
93.000000 0.9356
34.000000 0.9375
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Continuing on with the last two tables:

Cam Table 2: 180-270

=k Camming e ik Use keyboard insert/delete keys to add/iemove points.
& CanTablen ¥ Plot Posiion [~ Plat Velocity I~ Polar
I~ Legend [ HotSpats [ Cross Hais I~ Zoom Enable
@ CamTable3 0.0 + MFabs  |Master(s] |Follower [revs]
T Torgue Mode - Start
Ay Profiles [
1| 191.000000 00174
=-& all Programs 0.1 +
= [ Programs C 2| 122.000000 -0.0343
Frogram0 0.2 F 3| 183.000000 -0.0523
# = Real Time Programs e T 2| 184.000000 .0.0897
# Cyclic Programs r
42 Netmark s | 5/ 125.000000 0.0871
Ve T &/ 126000000 01045
i C 7| 187.000000 01218
Q r
2 04 8| 189.000000 -01391
= C
c C 9| 123.000000 -0.1564
=) F
= 051 10| 130000000 01736
IS C 11| 191.000000 -0.1908
= F 12| 192.000000 -0.2079
@ _0 6 .
% F 13| 193000000 -0.2248
3 - 14| 134.000000 -0.2419
07 15| 195.000000 -0.2568
r 16| 196000000 -0.2756
-0.8 I 17| 197.000000 -0.2923
F 18| 198.000000 -0.3090
09 [ 13| 133.000000 -0.3255
C 20| 200000000 -0.3420
00 C 21| 20.000000 -0.3563
-1. T\:IIII:\III:I\\\:\\\\:\\\I:II\\:IIII:\\\I:\\\‘\u 22| 202.000000 0378
180 190 200 210 220 230 240 250 260 270 23| 203000000 03507
Master (s) 24| 204.000000 -0.4067
= @ Camming e e Use keyboard insert/delete keys to add/remove paints
@ CamTable ¥ Plot Position | Flot Velocity I~ Polar
@k CamTahls1 ™ Legend [ HatSpats [ Cross Hairs I™ Zoom Enable
@k CamTable2
= 0.0 + MF-8hs Master (3] | Follower [rews]
T Torgue Mode - Start
oy Profiles L
1| 271.000000 -0.3398
=[@ &l Programs 0.1 ¢
= [ Programs C 2| 272.000000 -0.9994
Program0 0.2 = 3| 273.000000 -0.3386
# [@ Real Time Frograms = 4| 274.000000 -0.9975]
Cyclic Fr r
= B Cyrle Programs F 5| 275 000000 03362
-+ Network 03 I
e T 6| 276.000000 -0.3345
e r 7| 277.000000 -0.3925
S C
¢ -04 1 8| 276.000000 -0.3902)
= r
c - 9| 279.000000 -0.9877
=] F
= 05+ 10| 280.000000 -0.3848
g C 11| 281.000000 -0.9815
= F 12| 282.000000 -0.9781
06 +
g F 13| 283.000000 -0.9743
3 - 14| 284.000000 -0.3703
Lo-07 o+ 15| 285 000000 03653
r 16| 286.000000 -0.9612
0.8 + 17| 267.000000 -0.9563
F 18| 288.000000 -0.9510
0.9+ 19| 283.000000 -0.3455
r 20| 230.000000 -0.9397
0 r 21| 231.000000 -0.933
~1.U NN AN NN 2] 292 oonooo 0907
i i i i 1 1 1 1 1 1
270 280 290 300 310 320 330 340 350 360 25| 233000000 0
Master (s} 24| 234.000000 -0.3135
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Notice on the Cam Table 0 screen the ‘Chain to Next Cam Table’ frame:

Chain To Mest Cam T able

Repeat |1_

Forward Chain |1 CamT abled
Backward Chain |3 CamT able3

In order to chain cam tables simply enter the table number of the Forward or Reverse
chain. PowerTools will fill in the name of the Cam Table represented by the table
number.

In the example below, Cam Table 2 was renamed to Table2_Name. In order to stop the
chaining simply enter negative one (-1) as the chain value:

Chain To Mext Cam Table
Fepeat
Forward Chain |1 Stop

Backward Chain |2 Table2_Marme

Chain values can be changed dynamically within a user program with the following
program command example:

Cam.0.BackwardChain =1
Cam.0.ForwardChain = 2

As cam table 0 runs in the forward direction, it will chain into cam table 2, running in the
backward direction it will chain into cam table 1.

By setting these commands to the appropriate cam table, the cam profile can be
dynamically changed on-the-fly.

Once the chain values are set, the four 90 degree cam tables will operate exactly as the
single 360 degree table.
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Finally, we can click on the top level Camming view and see the summary of the cam
table structure:

‘L Emerson Control Techniques - PowerTools Pro - [ EP-P Configuration [master resume 4 tablesg
W File Edit Device Options Tools Wiew \Window Help

Ol ]3| & ol be i< &L= B2 & ea] 5w m 2]

Mame & | Mumber | F.ey Data
E|' Axis 1 {01 CamTable0 a Forward:1, Backward:3, Repeat: 1, Master Follower, Realtime
----- B Sigtus -k CamTablel 1 Forward:2, Backward:0, Repeat: 1, Master Follower, Realtime
@ Graph {01 Table2_Matme 2 Forward:3, Backward:1, Repeat: 1, Master Follower, Realtime
-1 Setup ik CamTahle3 3 Forward:-1, Backward:2, Repeat: 1, Master Follower, Realtime
-7 Devices
1+ @ 1/0 Setup
Hm Mation
.’ Jogs

- Homes
-/ Indexes
= Gearing
E@} Camming
§ L ramTahlan
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Dynamic Chaining of Cam Tables

Once downloaded, the cam table chain values can be changed by a user program very
easily.

Simply use the cam parameter of Cam.x.ForwardChain or Cam.x.BackwardChain, where
x is the cam number. Set the parameter equal to the cam table number to chain to. If you
chain into an non-existent cam table, the drive will produce a program fault when it
encounters that particual line of code.

To stop a cam from any further motion use the chain value of -1.

In this example, when cam.0 is moving in a backward direction (master moving
backward and the top of the table in then encounted, the cam motion will stop.

If | war.recipe = 3] then
Cam. 0. ForwardChain = 2
Cam.0.EBackwardChain = -1

EndIf

For deterministic operation, a real time program can be used to alter the chain value.
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