
Autom at ion  I NSI DE

-  PLC hardw are  -  Allen

Bradley  Cont rolLogix  or

Com pactLogix PLC. The

PLC provides overall

supervisory  cont rol  of  the

sortat ion system .  The PLC

is cont rolling the variable

speed of  the sorter.  I t  has

inputs m onitor ing the

am ount  of  product  com ing

into the system  and  going

off.  I t  cont rols all the

VFDs and  the speeds.

Allen Bradley  was selected

because it  is the vendor

predom inant ly  accepted  by

its custom ers in the U.S.

PC- Based  Controller  -

The FlexSort  PC cont roller

is a Pent ium  class,

indust r ial-hardened

chassis to  Dem at ic

specificat ion.  The

com puter  is assem bled

and  provided to  Dem at ic

by Systel

(www.systelusa.com / ) .

This runs only  the sorter

and  gapping devices in the

sortat ion subsystem .  

-  Program m ing  softw are

-  For the PLCs,  ladder

logic for  all system

cont rol.  The operat ing

system  on  the PC is QNX

6.4. I t  is a real- t im e

operat ing  system .  The

program  was developed by

Dem at ic in C+ + .

-  Variable  frequency ac

drives

On all the other  VFDs

(sorter  and  t ransport

conveyor)  Dem at ic is

using Allen-Bradley

PowerFlex. Rockwell

Autom at ion  was selected

because it  is the vendor

predom inant ly  accepted  by

its custom ers in the U.S.

-  Photo eye  and  pulse

posit ion  indicator  -  For

the photo eyes,  Dem at ic is

using Allen-Bradley

RightSight  photoelect r ic

sensors.  Outside of  the

U.S. Dem at ic uses Sick as

an  alternate.

-  The PPI  is m ade by

Photocraft  Encoders.

Dem at ic has stayed  with

them  for  about  20 years

because of  reliabilit y.

-  Linear  induct ion m otors -

Current ly  Dem at ic is using

a linear  induct ion m otor

m ade by Dem ag.

-  Electrom agnet ic divert

sw itches  -  These were

designed and  are patented

by Dem at ic.  No one else

on  the m arket  has

elect rom agnet ic divert

switches.  -  Mitsubishi is

the supplier  for  the VFDs

on  the gapper  device only.

Dem at ic did evaluate all

the m ajor  VFD suppliers.

That  one was chosen for

its latency perform ance

(when you tell  the dr ive to

do som ething  how fast  it

responds) .  I t  is used to

m ake high  frequency  of

adjustm ents to  the belt

speed to  m odify  the gap,

on  the gapper  itself.  Very

precise cont rol  on  these

drives is required for  this

gapping funct ion.

Related reading from  Control

Engineering

-  Precise  new spaper  sort ing

system ;  

-  RFI D  tag  test  results:  Very

fast  ROI  for  som e

applicat ions;  

-  Energy  efficiency: linear

synchronous versus  linear

drive  m otor  technology;

-  Safety  Sensors Rise  to  New

Heights ;  and

-  How  to  select  a  controller .

Sortat ion system  benefits from  sm art  m achine  control,
integrat ion
Sm art  system  integrat ion  and  m achine  control enable  a  new
integrated sortat ion  subsystem  to  redefine efficiency in  high- speed
dist r ibut ion  centers.

Jim McMahon for Dematic -- Control Engineering, 2/10/2010

I n  a  high- volum e dist r ibut ion  environm ent ,
the speed of  package flow  through  the
system  as determ ined by  the sortat ion
equipm ent  often determ ines product ion
speed. I t  has been  a standard  for  som e
t im e that  to  increase throughput  one m ust
increase the speed at  which the sortat ion
equipm ent  is running.  But , running  a sorter
faster  increases vector  st resses on the
equipm ent  and  on the packages,  which
m eans less package cont rol and  m ore
m aintenance effort .  I t  also  decreases the
life of  the equipm ent  and  ult im ately
increases the equipm ent  cost  of  ownership.

This scenario  changed with  the invent ion of
the FlexSort  SL Parallel Divert ing  sorter,
which allows increases in throughput  to  be
achieved  without  increases in system
speed. The design  of  the system  benefits from  sm art  m achine cont rol.  

Avoiding rotat ion

Typical sortat ion equipm ent  with  angled diverts rotate the boxes to  facilitate discharge to

the takeaway  conveyors. When  a package is rotated,  essent ially  it  becom es longer

because one corner  falls back,  this m eans a bigger  gap  required between  packages.

FlexSort  SL does not  need to  rotate the boxes, allowing for  t ighter  gaps between  the

conveyed products.  I nstead  of  6 - in.  to  12- in.  between  packages,  which  is com m on  with

sorters using angled diverts,  the system  requires only  1 - in.  to  3 - in.  gaps.  The take-away

is designed to  com plete the rotat ion  to  the correct  or ientat ion,  using gravity  wheels or

powered rollers that  rotate and  realign the packages.

Because the sorter  runs at  a  slower speed,
it  can  handle packages m ore posit ively
than  contem porary sortat ion  equipm ent ,
which runs 20%  -  30%  faster  and  creates
35%  -  50%  higher  dynam ic loads ( the
effects on packages when  they  change
direct ion  or  speed on the system ) .

Every  dist r ibut ion  system  can  be divided
into five basic funct ions which it  needs to
perform  including receiving,  product
storage,  picking for  order  fulfillm ent ,
sortat ion  and  shipping.  Although each  of
these sectors have experienced
im provem ents due to  technical  advances,
sortat ion  is where significant  leaps in
efficiency  are now being m ade with
Dem at ic's int roduct ion  of  its FlexSort
integrated sortat ion  sub- system .

FlexSort  is defined  by its unique system  integrat ion and  the efficiencies that  the system

provides to  the high -speed sortat ion environm ent .  The logic on  how the system  is

cont rolled is quite different . All  sortat ion funct ions are cont rolled as if  it  is one unified

m achine.  From  the pre-m erge to  the m erge,  to  the t ransport  conveyors feeding  the

gapping,  to  the gapping funct ion itself,  to  the linear  sortat ion and  finally the take-away

conveyors, the ent ire process operates with  single-source cont rol  and  full integrat ion.

The FlexSort  system  is also  defined  by its system -wide,

dist r ibuted,  variable-speed cont rol,  which  is uniquely  based

on  how m uch product  is being fed into the system ,  and

how m uch product  is m oving  out . Unlike any other  system ,

it  will  autom at ically  adjust  its speed increm entally  as

required.

The system  is further defined  by the absence of  rollers and

the extensive use of  belts throughout  the system .  Package

cont rol  is lost  with  rollers,  and  FlexSort  dem onst rates a

m axim izat ion  of  efficient  m onitor ing,  rout ing and  cont rol  of

packages throughout  its ent ire system ,  unrivaled in

contem porary sortat ion operat ions.

Finally,  FlexSort  is defined  by its high -speed,  parallel-divert

sliding shoe sortat ion,  capable of  providing a 20 percent

increase in efficiency  while m aintaining com parable

throughput  volum es.

As a com posite system ,  it  br ings to  high -speed dist r ibut ion

centers a new and  unparalleled  level  of  efficiency  in

product  throughput ,  low  operat ing  costs and  system

availabilit y.

Variable - speed, parallel divert ing sortat ion

When  packages t ip over or  slide on  the conveyor  and  lose

their  intended posit ion, the potent ial  for  side-by-sides,

jam s and  m is-diverts increases,  result ing in reduced

accuracy,  reduced  product ivity  per  m an-hour due to

downt im e,  and  reduced  throughput .  The overall

effect iveness of  the system  suffers in quality  and

perform ance,  not  due to  im proper  operat ion,  but  because

of  the inherent  inefficiencies within  the system 's design

and  applicat ion.

A package t raveling in a st raight  line at  a constant  speed

does not  experience forces that  would cause it  to  topple or

m ove on  the conveyor.  But  when packages t ransit ion from

the m erge inputs onto  the m erge (both  a direct ional

change and  a speed change,  from  a slow m oving  input  to  a

fast  m oving  sorter  feed) ,  t ravel around a curve,  speed up

and  slow down for  gap  adjustm ents and  divert  off  of  the

sorter,  they experience forces that  vary  in proport ion to  the

square of  their  velocity.

A key  feature of  the FlexSort  I SS technology  is its abilit y  to

autom at ically  vary  the system  speed with  its real- t im e

throughput  requirem ents.  The system  provides not  just  a

select ion  of  pre-determ ined speed m odes, but  rather a

gradient  spect rum  of  autom ated variable speeds.

Because the system  runs at  a lower  average speed,

packages will  experience significant ly  lower  average forces

when they change direct ion or  speed.  A system  that  is

designed to  handle a high  peak  rate, for  exam ple,  but  on

m ost  days is only  ut ilizing 60 percent  of  that  peak  realizes

a net  speed reduct ion  of  46%  with  FlexSort  I SS versus a

fixed-speed system .  Force is not  linearly  proport ional  to

velocity,  so in this exam ple the forces on  the packages and

com ponents of  the system  are reduced  by 70% .  

3 0 0  cartons per  m inute

The Dem at ic FlexSort  SL is capable of  processing 300

cartons per  m inute (CPM)  at  the sam e speed that

contem porary high -speed sorters can process 250 cartons.

Conversely,  it  can process the sam e num ber  of  cartons at

590 feet  per  m inute (FPM)  com pared to  the indust ry

standard of  650 FPM.

A unique feature of  the sorter  is its use of  linear  induct ion

m otors (LI M)  -  elect ro-m agnet ic dr ives that  m ove a

m agnet ic field across the face of  the dr ive and  m ove the

alum inum  slats of  the sorter  without  m echanical  contact .

An  air  gap  exists between  the elect rom agnet  and  the slats,

which  have steel inserts inside.  The shoes are also

elect rom echanically  directed into divert  rails and  pushed

across the sorter.

Norm ally  on  a slat - shoe sorter,  all the slats are joined

together  by a chain that  is dr iven by a sprocket  with  a

convent ional dr ive.  The FlexSort  SL sorter  has no  belts,

dr ive chains,  gears,  sprockets or  divert  switches.  This

feature elim inates the need for  lubricat ion.

Most  sorters use a m echanical  divert  switch. This new

system  uses elect rom agnet ic divert  switches that  elim inate

pneum at ics and  significant ly  reduce com ponent  wear  as the

show pins are "pulled"  into the divert  rail  rather than

pushed  (no  m echanical  im pact ) .

Typical sorters provide a divert  confirm at ion,  but  do not

t rack individual slat  I Ds. This lim its specific t racking of  packages within  the system .  The

FlexSort  SL em ploys sm all  m agnets on  designated  reference slats which  are read  by a

sensor,  the data is constant ly  sent  to  and  updated  by the cont roller  to  determ ine slat

locat ion,  speed and  operat ional  status.  This allows exact  real- t im e locat ion of  any

package in the sorter.  

Sortat ion system  upt im e

The upt im e of  a sortat ion sub -system  is im pacted by how long the equipm ent  lasts,  how

m uch t im e it  takes to  repair,  and  how easy  it  is to  perform  prevent ive m aintenance.  I t  is

also  im pacted by the availabilit y  of  the system  in term s if  redundancy.  Most  sortat ion

sub -system s use drive t rains which  can act  as single points of  failure  br inging down the

ent ire process.  Because its dr ives are dist r ibuted throughout  its system ,  FlexSort  SL is

designed to  withstand losing  up  to  10%  of  its dr ives and  st ill  m aintain operat ion and

product ion  for  the facilit y.  And  because it  can handle m ore packages within  the sam e

unit  of  t im e com pared to  convent ional system s,  the sorter  can reduce the cost  of

ownership by lowering  the operat ing  cost .

I ntegrated control

The philosophy  behind FlexSort  cont rol  of  the sortat ion

sub -system  is different  from  what  is typically  done.  I t  is

m ore along the lines of  a PLC/ PC-cont rolled unified

m achine.  Dem at ic calls this an  I ntegrated Sortat ion  System

( I SS) .  The philosophy  if  I SS is to  t reat  all of  the sortat ion

sub -system  separate com ponents as one m achine.  As such,

the system  is constant ly  adjust ing speeds based on  how

m uch volum e is com ing  through  this sub -system  upst ream

of  the m erge,  how m uch volum e is com ing  off  of  the

sorter,  and  how m uch volum e is en route from  the pre-

m erge through  the sorter.

From  a speed-set t ing viewpoint ,  the sorter  acts as the

m aster  device that  everything else in the sub -system

follows.  FlexSort  funct ions on  a closed- loop speed cont rol.

The sorter  is the variable speed unit ,  the system  is watching how fast  the sorter  is going

and  all the other  sub -system  equipm ent  adjusts to  it .  

The system  is fully  integrated  from  a single point  of  cont rol.  I ts PLC handles the system

cont rol,  while the gapper  and  sortat ion equipm ent  is PC cont rolled to  handle the diverse

I / Os.  Dem at ic's SortDirector  program  interfaces with  the host  system  and  the system

scanners to  tell  it  what  to  do with  the packages once they are ident ified.

Precision  control of  gapping

The FlexSort  system  elim inates all roller  conveyors in gapping,  and  between  all funct ions

from  the pre-m erge conveyor  through  sortat ion,  replacing them  with  belts.  Com pared to

rollers,  belts require a m uch higher  level  of  cont rol  over their  speed and  operat ion.  I t

would be unacceptable to  have one belt  stop and  another  one upst ream  cont inue to  run,

for  exam ple.  So the system  uses variable- frequency  AC drives in the gapping funct ion,

and  throughout  the ent ire sortat ion sub -system  to  provide precision  cont rol  of  its belts.

Tradit ionally,  with  high - rate sortat ion system s,  very  heavy  duty  servo-drives are used

with  their  own separate servo-cont rollers.  Because these drives are cost ly,  system s are

typically  set  up  with  a m ain  servo-drive powering two or  three m echanically -dr iven slave

belts.  The sam e drive is powering m ore than  one belt ,  so the rat io between  those belts is

m echanically  fixed.  The speed of  these inter locked belts cannot  be change independent ly,

they all operate at  a constant  speed determ ined by the servo-drive.  This int roduces

inflexibilit y  in the speed cont rol  of  individual belts.

FlexSort  overcom es this problem  by ut ilizing an  independent  prem ium -efficiency  dr ive for

each belt  in its FlexGap gapping device,  equipped with  a high -perform ance,  variable-

frequency  cont roller  instead of  a servo-cont roller.  The m otor  is dr iving each zone (belt )

independent ly, so there is no  gear  reduct ion, giving  very  good cont rol  over the rat io from

the speed of  one belt  to  the next .  This m eans m ore precise gapping.  

The quant ity  of  belts being em ployed with  FlexGap has been increased as well,  com pared

to  convent ional gapping devices.  The belt  size,  and  each now being independent ly

cont rolled,  has sizably  increased the precision  of  package m ovem ent  within  the gapping

system .

Mechanically,  the belts do not  require t racking or  tensioning,  there is no  adjustm ent

needed.  With direct -dr ive (no  reducer)  cog belts,  there is vir tually  no  m aintenance

required either.  This sim plified  design has reduced  the m ean repair  t im e to  less then  15

m inutes.

Typical gapping system s ut ilize one photo eye and  a PPI  (Pulse Posit ion I ndicator)  on

each belt  of  the gapping m achine.  The PPI  is an  elect ronic wheel that  r ides on  a belt ,  or

uses som e other  m eans of  physically  m onitor ing the belt .  The wheel sends out  a signal,

typically  a couple hundred  t im es per  rotat ion. When  the PPI  wheel is turning,  the PLC is

get t ing pulse signals that  indicate the belt  has t raveled a specific distance. The PLC tells

the gapper's servo-cont roller  what  gap  is needed between  packages.  The cont roller,  via

the photo eye, knows where each package is located  on  the belt ,  and  using the PPI  it

can then  predict  where that  package is located  after  it  has been seen by the photo eye.

I t  knows how fast  the belt  is m oving  and  the distance t raveled,  so the system  can t rack

the t im e and  predict  where that  package will  be.  When  the package gets to  the next  belt

t ransit ion it  can adjust  speeds accordingly  to  achieve the gap  desired.

Array  sensors for  greater  precision

FlexGap handles this task  different ly  and  m ore precisely.  I t  incorporates horizontal array

sensors for  gapping in place of  the t radit ional  PPI  and  discreet  photo eyes.  I t  uses a solid

state photo eye array  with  a very  sm all  2  m m  pitch between  photo eyes for  the length of

the gapping device,  which  is watching each package in real t im e. Because the system  is

t racking the packages and  t racking the gap  between  packages in real t im e, it  can adjust

the speed of  the belts to  m anipulate the gap  m uch m ore precisely.  By  not  using the PPI ,

it  has elim inated  a com m on  failure  point  in norm al sub -system s.  I f  the PPI  stops

working,  which  occasionally  happens,  then  the sorter  will  shut  down.  This liabilit y  to

upt im e has been rem oved with  FlexGap.  www.dem at ic.us

 

Jim  McMahon ( j im .m cm ahon@zebracom .net )  is a writer  for  Dem at ic Corp.,  Grand Rapids,

MI .  Dem at ic provides integrated  m aterial handling solut ions that  incorporate process

im provem ents,  m aterial flow technologies,  cont rols,  and  software. Prior  to  adopt ing the

Dem at ic nam e,  the com pany  was known as Rapistan.
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