MM2001 Interface for CNC@NET Foam Cutting Table

Low-cost interface based on a PIC microprocessor and ULN2803 (or 2804) drivers,

with on-board PIC Programming.

VERSION  « MM2001 0.62 »  05/2001

Translation  G. Muller 11/2001

Note from G. Muller:

Do not send me mail about the MM2001. I will not be technically able to answer them. Please send them (in English or French) to decoupecnc@yahoogroupes.fr.
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The main advantage of this interface board is to require only a limited number of integrated circuits and electronic components. Also, this interface provides support for all functionalities of the CNC@NET software.

· 2000 or 4000 Hz timer.

· Control of  4 unipolar step motors, max. 1A / 50Volts, wiring compatible with previous GP98 and BB2000 interface boards.

· Support for zeners diodes that increases motor torque and speed.

· Support for half-step and full-step motor mode.  The motor mode can be select during the power-on sequence using interface push buttons.
· Wire heat control by the software.
· Urgency switch for stopping step motors.
· On-board programming of the microcontroler PIC16F874.
You will need: 

· 1 PIC16F874-20IP for controlling step motors and wire heat.

· The PIC software in the file MM2001LVP.HEX
· The executable MM2001PROG.exe for on-board programming. Caution: this software only runs on windows 95 and 98.

Functionnality of the MM2001 interface: (improved version of the PICACHOF software)
The RE1 output (S_CHAUFFE) gives a rectangular signal whose frequency is 100  times slower than RE0 (TIMER). Thus, it value equals 20 or 40 Hz depending the TIMER frequency (2000 or 4000 Hz).

You can switch the TIMER frequency at initialization time, by pushing on the BP-  button. The selected frequency is stored in EEPROM for the further uses of the interface. You can verify the selected frequency in the CNC menu “CNC->Timer tuning”. The timer value should be 0.5s for 2000Hz and 0.25s for 4000Hz. Don’t forget to modify accordingly the value of the “Timer value“ field in the dialog “CNC->Configuration”.

RE1 outputs on the cutting wire through an optocoupler and a MOSFET power transistor. The cyclic ratio on RE1 can be adjusted between 1% and  99%.  This ratio allows the heat wire to be adjusted.

The switch Manual/PC selects the wire heat to come either from the interface or from the computer. When PC is selected, the RB1 input receives the heat signal coming from the computer. This signal is then reshaped and re-emitted on RE1.

After the initial power-on, the heat value equals 99%. Therefore, it is recommended to not plug the heat wire on the first test of the interface, since a 99% value may break the wire. In manual mode, the heat value can be adjusted during usage by pushing on the buttons BP- and BP+.  The last heat value that has been selected is stored in EEPROM and is automatically recalled after the next power-on sequence.

The MM2001 interface allows the user to specify a maximum heat value. If the computer generates a higher heat value that the MM2001 maximum heat, the interface limits the heat on the wire to that maximum. Also, if the computer heat signal is stuck at one, the heat generation is stopped. However, the signal sent back to the computer is still set to one. In order to inform the user that the maximum heat value is currently overridden, a buzzer or a led (with a 270 ohms resistor) can be plugged to the J9 connector.

After the initial power-on, the maximum heat value is set to 99%. To memorize an other maximum heat value, first change the current heat value to the maximum desired heat value, then press simultaneously on BP- and BP+.

To revert the maximum heat value to 99%,  push on BP+ during the power-on sequence or when reseting the interface by pushing on the RESET button. The switch Manual/PC must be set on the MANUAL position.

NOTE: the voltage value to power motors (screw connector J1) may be different than the interface one (screw connector J6).  The motor power voltage can be up to 50V. The interface power voltage can be up to 15-18V.  We recommend to mount a 12V voltage regulator (7812) to power the interface.

MM2001 : Using Push Buttons BP+ et BP-

Button behavior after initialization (standard behavior)

The switch «Manual/PC» must be on the Manual position.

BP+

BP-

OFF

OFF
=> no action

ON

OFF
=> increases the heat value

OFF

ON
=> decreases the heat value

ON
ON
=> Memorize into the Eeprom  the current heat value as the maximum permitted heat value

Button behavior during initialization

(Power-on sequence or push on the RESET button) 

The switch «Manual/PC» must be on the Manual position.

BP+

BP-

OFF

OFF
=> No action.

ON

OFF
=> Reinitialize the maximum heat to  99%

OFF

ON
=> Change Timer frequency: 2000Hz (( 4000Hz (2000Hz by default)

ON

ON
=> Change step motor mode: full-step (( half-step (full-step by default

MM2001 V 0.62 – Components list:

	Quantity  
	Designation
	Value
	
	Reference for ordering
	Usual Price in FF

	
	
	
	
	
	Unit
	Total

	Resistor
	
	
	
	
	

	8    
	R1,R2,R3,R4,R5,R6,R7,R8               
	See note 1
	
	
	5,50


	44,50

	2    
	R9, R16                     
	10k
	
	
	0,40
	0,80

	1                    
	R10
	4.7k           
	
	
	0,40
	0,40

	1                                 
	R11
	120
	
	
	0,40
	0,40

	2                               
	R12,R17
	270
	
	
	0,40
	0,80

	1
	RP1
	6 x 10k
	6 resistors with vertical mounting
	0,40
	2,40

	
	
	
	
	
	
	

	Capacitors
	
	
	
	
	

	
	
	
	
	
	
	

	1                      
	C1
	470uF/16V      
	radial
	
	3,00
	

	1                      
	C2
	220µF/16V      
	radial
	
	2,50
	

	6              
	C3,C4,C5,C6,C7,C8   
	100nF /63V
	Type MKT 5,08mm mounting
	
	1,75
	10,50

	2               
	C9,C10              
	27pF
	Ceramic 2,54mm mounting
	
	1,00
	2,00

	
	
	
	
	
	
	

	Integrated circuits
	
	
	
	
	

	
	
	
	
	
	
	

	4            
	U1,U2,U3,U4         
	ULN2803
	
	or ULN 2804
	9,00
	36,00

	1                                 
	U6
	7805
	regulator
	
	5,00
	5,00

	1                                 
	U7
	7812
	regulator
	
	5,00
	5,00

	1                               
	U8
	CNY17
	Optocoupler CNY17,4N35,…
	4,00
	4,00

	1                      
	U9
	PIC16F874-20IP      
	PIC 20 MHz 40 broches
	Farnell : 300-2524
	78,07
	78,07

	
	
	
	
	
	
	

	Transistors
	
	
	
	
	

	
	
	
	
	
	
	

	1                              
	Q1
	BUZ11
	Transistor MOS FET canal N
	10,00
	10,00

	
	
	
	
	
	
	

	Diodes
	
	
	
	
	
	

	
	
	
	
	
	
	

	2             
	D1,D3               
	1N4007
	
	
	0,50
	1,00

	1                               
	D2
	BY255
	Diode 3A
	
	2,50
	2,50

	1                             
	D6
	1N4148
	
	
	0,30
	0,30

	4
	DZ1,DZ2,DZ3, DZ4     
	BZX85C15
	See note 2
	
	2,50
	10,00

	
	
	
	
	
	
	

	Other parts
	
	
	
	
	
	

	          
	
	
	
	
	
	

	1                      
	J1
	Motor Power supply    
	Screw connector 2 pins for IC 5,08mm mounting
	4,00
	4,00

	2    
	J2,J3               
	CONN-HE10-26   
	
	
	
	

	1                     
	J4
	Hear Power suplly   
	Screw connector 2 pins for IC 5,08mm mounting
	4,00
	4,00

	1                                  
	J5
	FIL
	Screw connector 2 pins for IC 5,08mm mounting
	4,00
	4,00

	1                             
	J6
	12 à 18V
	Screw connector 2 pins for IC 5,08mm mounting
	4,00
	

	1                           
	J7
	DB 25 MALE
	90° shape for IC

Caution: a female will not work
	14,00
	14,00

	1                      
	J8
	Standard/Programming  
	Jumpers + connector (3 pins) 
	
	

	1                      
	J9
	BUZZER        
	To connect the buzzer
	Buzzer with internal oscillator, Type DM-06 

Ref Selectronic: 21-6507 
	12,00
	12,00

	1                           
	LD1
	Red LED
	Power on
	
	1,00
	1,00

	1                           
	LD2
	Yellow LED
	Heat on
	
	1,00
	1,00

	1
	LD3
	Green Led
	Motors ON
	
	1,00
	1,00

	1                       
	SW1
	Motor OFF/ON
	Simple switch
	
	11,00
	11,00

	1                           
	SW2
	PC/MANUEL
	Double

switch
	
	12,00
	12,00

	1                     
	SW3
	Heat OFF/ON
	Simple switch
	
	11,00
	11,00

	1                     
	SW4
	BP+            
	Push button
	
	4,00
	4,00

	1                                 
	SW5
	BP-
	Push button
	
	4,00
	4,00

	1                              
	SW6
	RESET
	Push button
	
	4,00
	4,00

	1                              
	X1
	QUARTZ
	16 MHz package HC18
	Ref Farnell: 492-978
	10,00
	10,00

	1
	
	40 pins IC support
	
	7,20
	7,20

	4
	
	18 pins IC support
	
	3,20
	12,80

	1
	
	6 pins IC support
	
	1,20
	1,20

	1
	
	Single side printed board 100 x 160mm
	Ref IMPRELEC: CNCNET MM2001 V0.62
	50,00
	50,00

	
	
	
	Prix Total TTC
	380,80 Frs


NOTES :

Note 1 : Resistors R1 to R8

These resistors adapt the motor power voltage (maximum 50V) to the nominal motor power voltage. They should be mounted in serial manner with the motor.

To compute R1-R8, you must know:

( Valim = DC motor power voltage

( Vn = nominal motor power voltage (printed on the motor)

( In = nominal current for a single motor phase.

If  In is not printed on the motor, measure with a multimeter Rphase, the resistor of one of the motor phase. Then computes In as: In = Vn / Rphase.

To compute the values of  R1 to R8, the formula is:





Valim – Vn




Rx = ------------------





    2 x In
( 2 phases are powered at the same time

To compute the nominal power dissipation in resistors:





(Valim – Vn )2



P = ---------------------  in Watts (W)





       R 

Example : 12V motor, 40 ohms/phase, Valim = 18 V

          12




18 - 12

In =  ----- = 0,3 A 
(

R =  ------------ = 10 ohms

         


          40




2 x  0,3

(18 – 12)2

P =    ------------  = 3,6 W ( standard value 5 (or 7) Watts




    
     10

Note 2 : How to choose Zener diodes

The Zener diode improves motor phase commutation by allowing the driver transistor (ULN2803 or 2804) to switch faster from In to 0 when blocking the output current. The motor commutes step faster and you get an increase in speed.

In theory, higher is the Zener voltage, faster is the switching. However, during switching duration (few µs...), the Zener voltage is summed to the motor power voltage (Vce = Vz + Valim). Therefore, the driver transistor must be able to support Vce. Otherwise, you will observe some fume and you will have to go to your favorite dealer and buy a new IC…..


The maximum voltage for the ULN2803, ULN2804, UCN5804 drivers are:

· 35V in continuous usage

· 50V for short pulses. This is the situation of interest to us. This value is valid for a current variation of 1.8A to 0 and an inductance of 3 µH. Caution: the latter value is not always known for used motors.


Example:

For a 12V powered motor, it is possible in theory to 

 pour un moteur alimenté en 12 V on peut THEORIQUEMENT monter une zéner de 50 - 12 = 38 V, mais si l'on ne veut pas tenter le diable on se contentera sagement de Vz = 40-12= 28V et là (en principe) le transistor de sortie ne risque rien.

In practice …, a simple approach to choose zener diodes

A reasonable solution to chose diodes is to have a zener voltage close to or slightly greater  than the nominal voltage of the motor:

* Vn = 5 V
( Zener voltage equals 6 to 8 Volts

* Vn = 12 V
( Zener voltage equals 12 to 15 Volts. This is the solution used by the author (12V motors, 15 V Zener - BZX85C15V)

Nominal power of Zener diodes : 1W or 1,3W (BZX85CxxV). This value is non critical for the power dissipated by our motors.

Electronic schema:
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Component location:
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jumper: Standard mode (( Programming mode

Modification to perform so as to have a working heat acquisition (depends on your PC motherboard)
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The modification is really simple. You must replace the strap between pin 14 of the connector and SW3 by a 100 Ohm resistor.
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Board at 1:1 scale.
Dimensions 100 x 160 mm
Components side (with strap positions for a single side board).

   [image: image5.png]-1-2-0-0-0-0-0-0-0-0-0-0-] -1-2-0-0-0-0-0-0-0-0-0-0-]
00 0000 0000 0000 00O
o ° o ° o
° - 5§ | g
ag0og0Aaen o QOQoQpOQoQOGER o OQQDOQROGBR o QpOQOROARER O
o
© n©opppoonon opogpoognn opogpoognn opogpoognn
Interface pour CNCENET B
MM2dd 1
° ° Vv 2.62 co O
onon o ppm GoponEERERAORARAEAAE -
o O ————C)) oo -
o agn
O————C))
: oo - Om——— oo
° ° - | oo ° noopopppopopppopopogan ogp
] - T-0-R-K-R-] °°°° ° °
Rl i — 000 oo .
a
o0 O ————— ) o





Copper side view by transparency from the component side
Print on a slide transparent and insolate with the ink side close to the copper. 
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Copper side view

This view is for an industrial building of a master. You must give it to your provider when ordering the circuit. 
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Printed circuits to connect motors to a flat cable. These circuits are usefull but not mandatory.
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Copper side view.

Dimensions 74 x 21.5 mm

You can order these printed circuits under the reference CNCNET MM2001 V0.62 from 

IMPRELEC 

102 rue Voltaire 

F-01100 OYONNAX

FRANCE

tél. 04 74 73 03 66

Fax 04 74 73 00 85

imprelec@wanadoo.fr
To reduce the build cost of these 4 circuits, you print them on a single board and separate them by yourself later.
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Connecting step motors to the interface 
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Picture of a modified MM2001 V 0.61 (built and tested by Gérard Prat)


The final version (V 0.62) differs by minor modifications.
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How to connect the interface and motor power supplies





Separate power-supplies				Common power-supply





Motors  from 5V to 50V				    Motors and interface from 12V to 15V


Interface  from 12V  to 15V					
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