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The Fuzzball

High Stepping
Automatic Coil Winder

l r ;

I I ave you ever thought of a project
I l  w i r i r  s  v v u  r  r q s c i q u  l o  p ( r > i u u n  o t  r

I  I  ob jec t  w i th  g rea t  p rec is ion? Maybe you
wanted to  bu i ld  a  p rec is ion  mi l l ing  mach ine  or
rnaybe a  computer  p lo t te r .  My in t roduc t ion  to
prec is ion  pos i t ion inq  came about  f rom a  need
to  rv ind  w i re  co i l s  fo r  so leno ids .  Co i ls  a re  used
for  a l l  k inds  o f  e lec t r i ca l  app l i ca t ions  -  f rom
so leno ids  fo r  e lec t romechan ica i  ac tua to fs  to
co i l s  fo r  e lec t r i c  r ro to rs .

My f i rs t  co i l  w inder  (shown in  F igure  |  )
was  jus t  a  DC motor  tu rn ing  a  co i l  fo rm.  l t
requ i red  a  s teady  hand to  lay  down the  w i re
on the  co i l .  The w inder  rea l l v  had no  idea o f
how many w ind ings  were  on  the  co i l .  What  I
wanted  was an  au tomat ic  co i l  w inder  tha t  I
cou ld  se t  up .  wa lk  away f rom.  and when I
came back .  have a  f in ished co i l .  Even i f  you
do no t  ne .ed  to  w i r rc j  co i l s .  th is  p ro jec t  p rov ides
a good in t roduc t ion  to  p rec is ron  pos i t ion ing
us ing  s tepper  motors  r rnder  compl l te r  con t ro l .

The au tomat ic  co i l  w inder  in  th is  a r t i c le
Lrses  s tepper  motors  to  pos i t ion  the  w i re  i r r
inc rements  o f  0 .00065 I  inch .  The motors  a re
cont ro l led  th ror - rgh  a  persona l  computer 's  (PC)
para l le l  in te r tace .  The V is r , ra l  Bas ic  so f tware
automat ica i l y  es t in ra tes  the  w i re  length  and
s tops  the  w ind ing  process  when the  des i red
number  o f  w ind ings  is  reached.  The co i l s  a re
wound w i thout  any  hurnan in te rac t ion  except

Figure l. First Attempt at Automatic COILWINDER.

to  moLrn t  the  co i l  to rm and to  remor , i
i shed co i l .  The au tomat ic  w inder  i s
w ind ing  a  number  o f  iden t ica l  co i l s .

Stepper Motors

Stepper  motors  a re  we l l -equ ippe, . :  .

p ro jec t  where  ro ta t ion  and la te ra l
'have to  be  cont ro l led  w i th  q rea t  I .
There  are  many s tepper  rno tor  c i
ava i lab le  fo r  do ing  computer  nLrmei

t ro l  (CNC)  r r . rach in inq :  however .  fo t  t '

ec t .  I  dec ided to  bu i ld  a  s imp l i f ie r ' l
motor  cont ro l le r  f rom scra tc l - r .  I  de ,
u s e  a  P C  a s  t h e  " b r a i n s  o f  t h e  c o n t r '
to  use  the  PC para l le l  por t  to  car ry  th ,
s ig r ra ls .  V isua l  Bas i r :  (VB)  was the  I  ,

used to  p rogram the  PC
A un ipo lo r  s tcpper  motor  has  t r r .

tapped co i l s .  A  ur r rpo la r  n ro to r  has  f i r .
e lgh t  leads .  The n lo to r  I  chose has  s r r
ident i f ied  the  two center  taps  by  nr , .
res is tance w i th  a  sLr i tab le  ohmmeter .  T i  '

ance t rom a  te rmina l  to  the  center  td i
the  res is tance o f  the  two te rn t ina ls  o r

W i t h  t h e  c e n t e r  t a p s  i d e r r t i l i .
B L O E E W H I I  L  a n d  B L A C K T ' W H I  I  t

remain ing  w i res  must  be  the  co i l  te rn t rn , ' :
For  the  motor  I  chose.  each en€r rL .  -

a  co i l  shou ld  ro ta te  the  shat t  7  5  r l ,

Figurc 2. Final Completed Automar :
COILWINDER,
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NOTE: The area between the 3/16" tubing and 9/32" rubing
is f i l led with l /4 plast ic tubing (same as coi l  form)

Apply

3/ 16" Dia. Brass Tubing

Flgurc L Detail of Shaft Coupling.
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Flgurc 3. Finished Carriage.

.:rent f lowing through a coi l  pro- r
-es  a  magnet  f ie ld  wh ich  a t t rac ts
ermanent magnet rotor which is connected to the shaft
:he motor. By tr ial-and-error grounding of the terminal

rJs while f ive volts was applied to the two center taps,
: proper sequence for clockwise rotat ion was found to

RED. BLACK, BLUE. and WHITE. Reversing the ener-
: ng order causes counter-clockwise rotat ion.

Two modes of motor operation are user selectable in
. '  software. The default mode is WAVE. which means that

h of the four motor coi ls is energized one at a t ime, in
.uence.  Th is  mode draws min imum cur ren t .  A  second

Figure 2. l f  you decide to use another stepper motor, just
make the  appropr ia te  changes in  the  so f tware  fo r
STEPANCLE and MAX_STEPS. l f  a threaded rod other
than 32 TPI is used, change LEADSCREW_TPI appropri-
ately. To drive the carr iage, a "connector nut" for the lead-
screw should be purchased or made. I  made a connector
nut from a one-inch piece of 9/32" square brass stock.

I dri l led and tapped a #32 thread through the stock.
Figure 3 shows that the carr iage is made up of three
pieces that are clamped together using a one-inch "C"

le is HI-TORQUE. In this mode.
- coi ls are energized at a t ime. This

le requires twice the current of
- iE mode; however. i t  does pro-

e more torque in the motors.
I thought the COILWINDER would

.J i re  two s tepper  motors .  One
:or controls the rotat ion of the coi l
;  is cal led the winding motor. The
Jing motor turns the coi l  direct ly.

i-  other motor controls the move-
. r t  o f  a  smal l  car r iage feed ing  the

. . :  back and forth across the rotat-

;  coi l  form. This motor is cal led the
-"- iage motor. The carr iage motor
.es a lead screw which translates

- rotat ional motion of the motor to
.:ar motion of the carr iage.

Building the
Hardware

The completed unit is shown in
.,E 2005
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Wire feed spool held
by this rod.

clamp: the connector nut, the carr iage unit,  and the wire
feed un i t .  The reason fo r  the  c lamp is  to  a l low
removal/adjustment of the carr iage without the need to
run the connector nut completely off  the threaded rod.
The joining of the leadscrew and winder rod to the step-
per motors was done as shown in Figure 4.

The winder frame was bui l t  from l/2" inch birch ply-
wood. A detai led plan is shown in Figure 5. The assembly
is straightforward, but the bui lder should be careful in
dri l l ing the holes for the motor shafts to ensure that they

Winder
1 Motor

Figure 7. Circuit Diagram for Motor Driver.
: -  

_ -  _  - _ t  
. : l

ldentical Circuitry (not shown) used for Carriage Motor
Connected to Paral lel Port Pins 6-9

5V

i n  F igure  7 .  F igure  B shows the  p inout  fo r  the  PC par
port.  After test ing on the breadboard, the driver cir
was  bu i l t  on  a  3  x  4  inch  pr in ted  c i rcu i t  board  shou '
Figure 9. Heatsinks were later added to the MOSFEI-
keep them coo l  dur ing  ex t ra  long co i l  w inds .  The la , ,
of the circuit  board is avai lable at www.nutsvolts.con

Parallel lnterface

Writ ing programs to talk with the PC palal lel  port . .
pretty easy in the old DOS days ,
in Win95/98. too. With the new er.
NT-clone operating systems l ike \ '
NT4,  W1N2000.  and WINXP a l l
simplici ty goes away. Trying to rt .
computer  p rogram access ing  lhe  :
a l le l  por t  on  a  WINXP computer
give a "PRIVILECED INSTRUCTI
EXCEPTION"  er ro r  message.  B .
relat ively securc operating syste:
Windows NT/2000/XP assign sc
privi leges and restr ict ions to dif fer
types  o f  p rograms.  l t  c lass i f ies  a l l
programs into two categories: Ll

are paral lel.  The tensioning
on the carr iage pins are use
increase the tension on the ., .
ing spool. The number of ter,.
ing  p ins  used is  dependent  o r
wire gauge. The frame end
ports are adjustable which slr
al low for winding up to 1 I " cc.

The motor driver circuit  i :
a t i ve ly  s imp le  and was In :
bui l t  on a breadboard, as shor,.
Figure 6. While the paral lel
does provide 0-5 volt  srgna
does no t  p rov ide  enough c r r
to drive the motors. For this
son, a separate power supp
needed for the motors. In the
of f ive volt  motors I chose, i t
f i ve -vo l t  power  supp ly  capab i .
s u p p l y i n g  2 . 8  a m p s  a t  f i v e  v o ' '
you are usrng a stepper motor '

uses a dif ferent voltage. you r '
provide an adequate power sur

The circuit  diagram is sf:

Figure 5. Completed Motor
Driver Circuit.

NOTE:These pieces are screwed into base (not glued) to allow for adjustment.

Figure 5. COILWINDER Drawing.
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Jde and Kernel mode.
The programs tha t

-ers general ly write fal l
ro the user mode cate-
,ry which does not al low
:ect access to the paral-

port.  The workaround
the above problem is
write a kernel mode

'ver  capab le  o f  read ing
d writ ing data to the

; ra l le l  por t  and le t  the
:eT mode Program com-

| l

(t
(DSOeOOO6ta@?

: : :  : r : : :  a a : - :

Figure 8. Parallel Port Pinout. I ) Figure 9. Printed Circuit Driver Board.

) r t .
/ s .

€ l  . :

l t l

) l L .

t e :

:TI ,
Be

S (

c t ^ .
t l e l

a l l  
'

:  ( r

.rnicate with the driver. Fortunately, someone else has
'eady  incorpora ted  the  dr iver  in to  a  dynamic  l ink  l ib ra ry
: l led  INPOUT32.DLL,  and i t  i s  ava i lab le  fo r  f ree  a t

.r ww.logix4u.net/ inpout32.htm
The outstanding feature of INPOUT32.DLL is that i t

rrks with al l  the windows versions without any modif icat ion
the user code or the DLL i tself .  The DLL wil l  check the

:.erat ing system version when functions are cal led, and i f
:  operating system is WIN9X, the DLL wil l  use INP and
tiT functions for reading/writ ing to the paral lel port.  On the
' lrer hand, i f  the operating system is WIN NT, 2000, or XP.
.vi l l  instal l  a kernel mode driver, HWINTERFACE.SYS, and
k to the paral lel port through that driver. The user code
I not be aware of the OS version on which i t  is running.

The statements that make the paral lel port input ( lNP)
;d output (OUT) functions avai lable to the VB program are:

.ol ic Declare Function INP Lib " inpout32.dl l"  _
'as "lnp]2" (Byval PORTADDRESS As Integer) As Integer
.bl ic Declare Sub OUT Lib " inpout32.dl l"

as "Out32" (Byval PORTADDRESS As lnteger, ByVal VALUE As
:eger)

The DECLARE statements simply tel l  VB that the pro-
.rmmer wants to use a function cal led OUT in his program
rt is known as Out32 in the INPOUT32.DLL located in the
INDOWS/SYSTEM directoly. The OUT function takes an
gument cal led PORTADDRESS which is the address of the
:ral lel  port and an argument cal led VALUE which is the data
be writ ten to the paral lel port.  Program t iming is control led

. a cal l  to the WINDOWS application programming interface
-EEP function using another DECLARE statement.

Oesigning the Software

The software was writ ten in Visual Basic for an IBM
;mpatible PC and runs on al l  Windows operating sys-
rns. The actual winding of the coi l  begins when the
rJILD COIL command button is pressed. For the actual
,nding of the coi l  software, I  decided to use programming
:nsist ing of "state machines." The use of state machines
r each function enables the software to be small  yet
'spond quickly to real-world events giving great precision

iNE 2005

to the motor control.  Each function consists of a number
of states. Each individual state reguires only a few instruc-
t ions to complete before passing program control to the
next function. This process of breaking functions up into
smal l  s ta tes  is  a  super io r  fo rmal ism fo r  mode l ing  dyu  namic
real-t ime behavior. The program consists of four functions.
Each ftrnct ion has mult iple states, as shown in Table |  .

The func t ions  are  ca l led  sequent ia l l y  and the  s ta tes
repeat the same actions unti l  the state is changed. For
example, once the winder motor is put into FORWARD
state, i t  wi l l  continue winding on each execution unti l  some
new condit ion changes the state. Each state is a separate

43
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For  the  case o f  i32  mag US
wrre, we get:

Round(0 .00795 |  inch  /0 .00Cr '
inches/thread) = Round(12.21) = Step,
carr iage motor = 12. = STEPSPERTUF'

CASE in the Visual Basic SELECT CASE statement. The
CONTROL_CARRIAAE function is a sub-function of the
CONTROL,WINDER function.

One o f  the  key  parameters  in  the  program is
INCH_PER_STEP. This parameter defines how far the car-
r iage moves lateral ly on each step of the carr iage motor.
I t  is based on the steps per revolut ion of the carr iage
motor and the threads per inch of the carr iage lead screw.
For the motor and lead screw I chose. the STEPSPER-
REV=4SandtheLEADSCREW TPI=32. INCH PER STEP
is calculated as fol lows:

INCH_PER_STEP = 1.000 / (LEADSCREW_TPI * STEPSPERREV) =

0.00055 | inch per step

The main problem in the coi l  winder is determining how
many revolut ions the carr iage motor should make per revo
lut ion of the winder motor. The value is calculated as fol lows:

One revolution of winder moror = WIRE .DlA = Steps of carriage
motor * INCH PER STEP

Forty-eight steps are required for one revolut ion of :
winder motor, therefore an output step to the carr ia
motor should occur every four winder steps=STEP RAT
If this is a non-integer value, i t  is rounded. In no case ,:
more carr iage steps output than STEPSPERTURN :
winder revolut ion.

Since the coi l  winder is desioned to wind coi ls , . \

mult iple layers of windings, a second problem was to del.
mine when the carr iage motor should reverse direct ion
lay down the next layer of wire. This was accomplished :
using the SLIDESTEP counter and comparing i t  to i
maximum sl idesteps per layer. MAX_ SLIDESTEPS. F
example ,  fo r  a  one- inch  co i l  us ing  #32 magnet  w i re :

MAX_SLIDESTEPS = Int(WINDS PER._LAYER *STEPSPERTURN

r 5  t 2

Where WINDS PER LAYER =

WIRE-DIA)  =  Round(  125.77)=  126
Round(COIL  LENGT-

ln theorv. the calculat ions above should result rn a p
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' -oi l .  Unfortunately, the wire diameters in the code are
.., . t  on wire gauges that do not include the insulat ion
' ress. When I measured my #32 wire with insulat ion, I
r  diameter of 0.01 136 instead of the specif ied 0.0080. I
:  f ied  the  proqram to  use  the  cor rec t  .01136 d iameter
'r \  i32 wire, but for other wire gauges, the user wil l  have
' :dify the wire gauge/wire diameter lookup table after
1 :u r ing  the i r  w i re  d iameter  w i th  insu la t ion .  The VISUAL

' - rC source  code and ins ta l la t ion  package fo r  the  COIL-' .DER program are avai lable from www.nutsvolts.com

Using the System

ic wind a coi l .  f i rst a coi l  form is needed. I  bui l t  my
' ' , s  f rom l /4 "  s ty rene p las t i c  tube and 0 .06"  th ick  sheet
..ne. both avai lable from your local hobby shop. I  used a
-l  hole cutter to cut out the round pieces of the coi l
; j .  l t  a lso  makes a  n ice  l /4 "  ho le  in  the  center  fo r  the
rube.  The spoo l  end p ieces  are  g lued on to  the  p las t i c
: rg  w i th  s ty rene p las t i c  g lue  us ing  an  a l ignment  too l  fab-

: :ed  f rom a  th read spoo l .  Smal l  ho les  are  dr i l led  in  the
; piece for the wire feed and wire exit .  and in the tube for
co i l  p in .  The too ls  and p ieces  are  shown in  F igure  10 .
The drive pin from the winder shaft is removed. freeing

-. ir , ' inder shaft.  The form is placed on the winder shaft

l-{-t
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and secured from free rotat ion with the coi l  pin. The winder
shaft is reattached to the motor with the driver pin. Wire is
fed  f rom the  supp ly  spoo l ,  th rough the  tens ion ing  p ins ,
th rough the  need le 's  eye .  on to  the  co i l  fo rm.  and ou t  the
coi l  feed hole. We are now ready to wind!

When the program is started. i t  f j rst checks to see i f  the
COILWINDER is connected to the paral lel port.  The user
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- RCM230O RabbitCorerM '29

.  256K Flash,  l28K SRAM 
qrv r@

. 29 general purpose l/O
via pluggable pin headers

" Complete development software
(not a trial version)

. Hundreds of sample programs and libraries T.

. Development board with prototyping area

. AC adapter and complete documentation

Buy Development Kit Online!
Add the RcM2200 Ethernet Rabbitcore
to your kit order for only S27.50 ireq.rssr.
www.tinyrabbitrcm.com
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rn te r face  a t  p roqram s tar tup  is  shown in  F ig r - r re  11 .  The user
car )  en ter  w i re  qauge.  co i l  d iameter .  co i l  leng th .  the  number
o l  co i l  w ind ings ,  and the  w ind ing  de lay .  The user  nex t  p ress-
es  the  CALCOLATE command but ton  and the  program ca l -
c t i la tes  the  es t imated  fee t  o f  w i re  reou i red .  the  number  o f
wrnd inq  lavers .  the  w i re  d iameter .  the  ou ter  d iameter  o f  the
co i l .  and  the  number  o f  car r iaqe s teps  per  laver .

Sorc7
20t23,tcL

Sources and References
Source I

Magnetic Gun Club
http://mgc3 | 4.home.comcast.net/

index.htm

Source 2
Eddy Cu rre nt Tesung I nformotto n

www. ndted.orglEducation Resources
/CommunityCol legeiEddyCurrents/

cc ec index.htm

S.qc!:ee_.,1
Ies/o coll destgn

www'noonco.com/tesla/

Souree i - www.allelectronics.com

Source 5 - www.jameco.com

t..t6 I t3.68

Next .  the  program ca lcu la t t -
the  es t imated  co i l  res is tance and . ,
recommended max imum vo l tac . '
based on  the  res is tance and the  c i i
ren t  l im i t  o f  the  w i re .  The progra i '

also calculates the rat io of wind...
s teps  to  car r iage s teps  us inq  t l - .
e q u a t i o n s  a b o v e .  a s  s h o w n
Figure  12 .  The number  o f  fee t  ca
cu la ted  is  accura te  to  w i th in  abo. .
10"  .  The proqram reca lcu la tes  t i
number  o f  w ind ings  based on  cc . r :
p le te  w i re  layers .  l f  you  want  i :

lead  and ex i t  w i re  to  be  on  the  sar '
end o f  the  co i l .  make sure  the  nr l
ber  o f  layers  i s  even.  For  oppo. '
ends .  use  an  odd nr rmber  o f  layc : .

W h e n  t h e  B U I L D  C O I L  c c
mand button is pressed. the STATUSBAR first instructs :
user  to  pos i t ion  the  car r iage to  the  s ta r t  w ind ing  po in t

u s i n g  t h e  ' L  a n d  " R '  k e v s .  T h e ' H "  k e v  i s  u s e d  t o  i n d i c ,
tha t  the  car r iaqe has  reached home pos i t ion .  Nex t .  the  u .
i s  ins t ruc ted  to  h i t  'S"  to  s ta r t  w ind ing  the  co i l .  When the
key  is  h i t .  the  w ind ing  s ta r ts  and the  STATUSBAR cont ; '
ous ly  updates  the  car r iage s teps  per  laver  and the  nunr t

o f  w ind ings  comple ted .  as  shown in  F ic tu re
The "T"  key  can be  used to  te rmina te  the  w inr j

a t  any  t ime.  When the  w ind ing  is  comple te .
motors  s top  and the  "L"  and "R"  keys  are  ac t i r
ed  fo r  in i t ia l i z rnq  the  nex t  co i l .  Dur ing  the  w inc t
process .  the  "P"  key  can be  used to  pause

wind ing  and the  "C"  key  can be  used to  cont in
In  o rder  to  n rax imize  the  speed o f  the  wr

ing. whenever a f irotor is started, there is a ,
s tep  motor  s ta r tup  sequence where  the  f i rs t  : i

takes  -22  1  t imes the  input  mi l l i second de l
The de lay  is  reduced exponent ia l l y  un t i l

28 th  s tep  takes  the  input  mi l l i second de lay .  T '
was  done to  a l low the  motors  to  s ta r t  up  gra

a l l y  to  p revent  motor  "chat te r "  tha t  occurs  u  i
s tepper  motors  a re  cyc led  a t  the i r  maxtn .
rate from a dead stop. l f  chatter st i l l  occur:
the  motors  ge t  up  to  speed,  then the  input  '

l i second de lay  shou ld  be  inc reased.

Summing it Up
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| 5 volt/,l mp OC porer supply

i SPST sub-miniaurc omr
I r$tch

1/2" x 18" x 8" birch
pb/rcod

ll2" x 1" x 1.25" birch

16" x {" x 8" birdr

An interesting project of an automattc l lJ i

I  I  w inder  has  been cons t ruc ted  fo r  less  than S35
i  The un i t  can  au tomat ica l l v  w ind  h igh  qua l i t t  .  . ,_
I  as  shown in  F igure  14 .  l t  took  approx imate l '
I  minutes to wind lhe 224 foot coi l  of " 32 ma,.,  - l , .6J
I  w i re  cons is t ing  o f  1 .800 w ind ings .  us ing  a  d '  f

of three mil l iseconds. This project provide'
in t roduc t ion  to  V isua l  Bas ic .  the  PC para l le l  l

t )
I  i  and steDDer motors.
i .  -

I i 5 wh l.l8 mp, ,18 step/a,
I l'41. H2 i 0.25" di:mctei x l" shift.
I i >tappf rcror

'  i  Tr i *10 x 32 rhEds per inch :' '  i  12" rod ud conn:ctor nut

i_ " _ "' _t_il- ;rbff if,gl,cu
1 DBI I D&25 conncctor (male)
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