REFUSEABLE BOX

OR

JUST SAY NO TO TOO MUCH POWER!

HINTS AND TIPS
As some of you know from my previous writings, I spend a fair amount of time in Africa, mainly on the East coast, (Kenya, Rwanda, Mozambique and Tanzania), either teaching electronics or repairing used hospital and laboratory equipment.  This presents some unusual challenges since there are no schematics and you don’t have the advantage of just pulling a bad board and replacing it.  The majority of the repairs are performed by substituting and replacing parts.  To add to my frustration, the only country that speaks English is Kenya.  
Learning equipment repair requires that the students have a very solid basic understanding of electronics.  Recently we purchased several MPLAB PICkit 2 starter kits for teaching microcontroller programming.  I developed a demo board kit which also teaches them soldering techniques for both surface mount and through hole components.  This board provided 16 different programs with examples of tone generation, measuring temperature using linear sensors and thermistors, hall detection interface, photo cell, transducer interface and several others.  
The students I teach have gone through a trade school, but have difficulty with a high a school pretest I give to access their needs.  Basic math skills are missing.  Ask them to take 10% of 100 and they struggle. Calculate the resistance or voltage of parallel resistors and they just stare at you.  The student’s main complaint is that none of their teachers teach how to trouble shoot.  This is most of what the students do once out of school.  There is virtually no preventive maintenance done except in South Africa. Everything is making repairs in a panic mode.  
What they have in lack in knowledge they make up in enthusiasm.  They have a thirst for knowledge and are very bright people.  One of my former students heard I was in Nairobi and came from Eldoret (200 miles) just to get advice on how to fix a baby’s incubator.

Equipment is hard to come by in Africa, so one of my projects was have them build a re-settable fuse box that shows the number of amps flowing when testing equipment while providing fuse protection.  In August’s 2006 Nuts and Volts I published an article titled “Don’t Blow a Fuse”.  The Africans could not obtain circuit breakers so my article didn’t do much good over there.   The parts for that project sold for about $40.00 
In Africa fuses are rare commodities, so the ability to test without using one is most daunting.  Since they have the PICkit 2 this seemed to be a logical step to provide another kit for them to build an updated version of a re-settable fuse box.  The cost of this project came to $35.00 and does a lot more than the August 2006 version.
This project taught them of how to measure current using a voltage drop across a resistor, using a single supply amplifier op-amp configured as a non-inverting amplifier, working with seven segment multiplexed displays, and programming a Pic16F690 with an A/D and look up tables.   

This circuit replaces an existing fuse with an inline relay that can be programmed to drop out using a pot for programming a range from 100 mA to 5 amps (8bit resolution).  It displays the active ac or dc amperage being drawn, and when the amperage, of the circuit being tested exceeds the preset amperage the relay drops out. 

I thought I would share this project as it is simple, easy and a very useful instrument to have for your tool box.  If you don’t have a PIC programmer, the chip and board are available at the end of the article. 

Probably the most useful purpose of this device is to use it in series with a power supply with a new project you are building.  This device can prevent burning out chips if you put them in backwards.  
The unit is powered by a 9 volt battery and the voltage is reduced to 5 volts by a linear LM7805 regulator.  A .01 ohm 1% tolerance current sense resistor is used to provide the voltage drop to be measured. 
Using our old friend Ohms Law E = IR, if you have 1 amp flowing through a .01 ohm resistor the voltage across the resistor will be 10 mV.  The sense resistor can sink 1 watt.  5 amps at .01 ohms = 50 mv.   .05 volts x 5 amps = .25 watts, ¼ of its capacity. However when you look at the calculation of watts, volts2 / ohm = watts, the squaring of voltage places the increase on an expotential curve.  The 1 watt resistor can only handle 10 amps maximum.  
The drop out relay is placed in series with the current sensing resistor.   The voltage across the sense resistor is then amplified and sampled through an A/D.  This amplifier is configured as a non-inverting amp with a gain of 50.  Both ac and dc currents are passed through a 5 amp bridge. When measuring ac the diode provides full wave rectification.  Dc passes through the bridge diode and therefore input polarity makes no difference.  
The Microchip MCP601 has a small offset which is corrected for in the software to avoid extra components.

The ac/dc switch puts in multiplication factors that corrects for minor differences via the software.

One disadvantage of running the dc through the bridge diode is that a voltage below 1.6 volts will not pass due to the forward bias voltage of the diodes.  

The unit is preprogrammed by holding down the program switch while adjusting the potentiometer to the desired setting. At that point the relay is held open.  Once the program switch is released, the setting is recorded in memory of the microcontroller and the relay closes.  Even if you bump the pot nothing will be changed unless the program switch is held down.  Either ac or dc can be input.  Pressing the ac/dc switch will alternate the input measurement mode.  Once pushed and released the display will display the mode it is in for three seconds.

BUILDING THE UNIT:

The top side of the board has the components printing and the name of the board is on the bottom.  Solder all the components to the board with exception of the relay and the header.  The battery wires go through the hole on the bottom to act as a strain relief.  (Make sure to put the battery holder in its compartment first.)  The current resistor goes between the heavy traces on the top side. S1 and S2 use two 6 pin sockets to get height.  Now place the relay along with the header on the bottom side of the board and solder.
ENCLOSURE:

Copy the template in Figure 1.   Turn the top cover on its back with the spacer mounts facing away from you.  Turn it over. Cut out the template and using glue stick paste it on the top of the box. Make sure that rectangle cutout is facing away from you at the top..  

The enclosure is drilled using the template.  The rectangle can be cut with a Moto tool or milled.  The red lens is then cemented from the top side using superglue.  

Two 5/16” holes are drilled into the half of the box with the battery compartment using the template.  These two holes are for the mounting of the banana jacks in the box.  The holes are spaced for ¾” male plugs
S1 & S2 are placed into their respective sockets, and the micro is placed in its socket.  You will need a programmer if you are going to use the code provided on the Nuts & Volts website or you can order a preprogrammed chip. If you have a PICkit 2 you can program the micro by using the header.  
Solder two 1” green wires to the bridge diode ac input.  Solder a 2” black wire to the minus terminal and a 2” red wire to the plus terminal.  Use shrink tubing to insulate the solder joint.  Glue or screw mount the diode to the bottom of the box.  Solder the two green wires to the jacks.  Solder the black wire to the – hole on the board and the red to the + hole on the board.   

Once the enclosure is prepared, the board can be slipped into the top side of the enclosure and mounted using 2 # 4 3/8” self tapping screws.  
FUSE ADAPTERS:
The fuse adapters are made out of fuses with the glass removed.  This can be done with a pair of pliers or a vice.  Place a piece of tape around the glass before cracking the glass to prevent the glass from being scattered.  Remove the excess glass from the ends of the fuses using a drill bit.

For the .25” x 1.25”, I used 3/16” hollow PVC tubing available from most hobby shops.  Cut the tubing to 1 inch and drill two 3/32” holes ¼” apart from the center of the tubing.  Thread two # 20 gauge stranded wires into the holes and through the tubes out the ends.   Solder the wires to the inside of the caps.  Place some 5 minute epoxy glue into each end and gently pull the wires so that the PVC fits inside the caps.  

For the 5 mm X 20mm fuses I used the same 3/16” hollow PVC tubing but turned it on a lathe to 11/64” in diameter.  You can use a drill press and sand paper if you don’t have a lathe.  Cut the tubing to 5/8” and follow the above procedure. Place two banana plugs on each end of the wires coming from the fuse adapters.      See Figure 2
For testing your projects, use two flexible wires with alligator clips on the ends.

HOW TO USE IT:

1. MAKE SURE THE POWER IS OFF ON THE PIECE OF EQUIPMENT YOU ARE GOING TO TEST.
2. Remove the fuse and replace it with one of the jumpers.

3. Plug the jumpers in to the “Refuseable box”.  If testing one of your projects, make sure the polarity is correct.

4. Turn on the “Refuseable Box” by pressing the on/off switch. (Red switch)
5. Prg will be displayed.  Hold down the “Program Switch” (just to the right of the on/off switch) and adjust the pot for the amperage tripping point you want.  Release the “Program Switch”

6. The unit will display “AC” indicating that you are in the ac mode.  (During this period the relay will be open for safety reasons.)

7. If you want the dc mode, press the “AC/DC” switch. (Above the program switch.)
8. Now turn on the piece of equipment you are going to test. 
a.  If the equipment exceeds the preset amperage value the relay will open and the unit will display "BAd”.  Turn off the equipment you are testing!!  You will have to turn off the “Refuseable Box” to reset the relay.
b. If the power is less than the preset value it will display the amount of amps it is pulling.
Please go to Nuts & Volt website www.nutsvolts.com for more files and information.

Happy are those who just RE-FUSE!
Written on November 27, 2008

Please note:  That the above was the original article that was submitted to Nuts & Volts before it was cut.

Revised 9/4/2009
ERRATA:
Please note that when programming, the  IC1 (op amp) needs to be removed.  I recommend placing it in a socket for ease of reprogramming.
PCB FILES:

The pcb file can be looked at by going to www.expresspcb.com and down loading their free CAD software.  These files can be printed out by top or bottom layers and enlarged.  If you are going to make multiple units, please feel free to order them direct from expresspcb.  This will save you half the cost.  They will provide a minimum of 3 boards (2 units per board) for about $60.00.  You will need to cut each board in half and mill out the indentations for post and screws.  
FINE TUNING THE UNIT:

The unit can be fine tuned by placing multiplication factors at line 222 for dc and line 228 for ac.
Changing the Refusable to 20 amps:  

You will need to go to a larger relay to carry the current.  Larger relays will require more driving power to power them. Keep in mind when the unit is on, the relay is closed and drawing power.  Consider using a larger box and using C or D batteries.  Also you can use a triac e.g., Sharp S216S02F with proper heat sink will provide 16 amps.  There are bigger triacs however they are expensive.
You will need to change the sensing resistor as it is rated at 1 watt.  20 amps @ .01 ohms = 4 watts.  
The op amp resistor R2 needs to be changed to 2K 1% to decrease the amplification from 50 to 25.  
Programming:  
If you need the program for 20 amps, please contact me at sjnewt@att.net and I will send it to you free of charge.
MORE ON THE SOFTWARE:
I will give a brief explanation by moving down the assembly code discussing some of the labels.

There are several counter registers and other registers for the performance of conversion of binary to BCD, multiplication and division. 

INITIALIZATION is straight forward directing the micro’s ports and registers. The PIC 16F690 ports A, B and C have several other registers which affect how they run.  
START is setting the display to display prg for program and turns off the relay.

START1 turns on the relay and checks to see if the dc button or the program button has been pushed.
DIRECT starts the measurement of the voltage coming from the op-amp using the a/d converter.  It performs this 35 times and takes an average to smooth any glitches.  The op amp has a + offset and this was corrected by subtracting 5 from the a/d hex reading.
When the dc/ac button is pushed it sets or clears flag 1.  This flag allows correction factors for dc and ac due to the bridge diode.  To make the small corrections and avoid decimal problems using hexadecimal I divide by 50 and multiply by 200 (approximately) which increase by a factor of 4.  
CONT applies the factors to the direct results by division, multiplication and converts to BCD.
CONT1 compares the display of the direct vs. the display of the pot setting.  This may seem a strange way as when you first look at it one might say just compare the ADRESH registers of the direct to that of the pot setting.  Due to the subtraction of the offset and application of factors, this was a sure way of getting the proper tripping points.  
This section is performing a simple subtraction of ones, tens, and hundreds, (thousands if using the 20 amp version).  If the direct exceeds the pot setting it jumps to BAD.
S4 (BAD in the 20 amp) opens the relay and displays bad and goes into a loop until the program switch is pushed.

MULTIPLY is a canned program from microchip.
DECIMAL (misnomer) is a canned program from microchip, converts the binary to BCD for proper display.

DIVISION is a canned program from microchip.
CHANGE_AC When the dc/ac button is pushed it jumps to this area.   It then sets or clears flag1 and displays either dC or AC for about three seconds.

REPROGRAM when the program button is pushed it jumps to this section.  It measures the voltage from the pot and converts to digital using the a/d converter and applies a factor of 2 (10/5).  It stores the results for future use in CONT1 section.  When the program button is released, it will start measuring.

DISPLAY is multiplexing the three seven segment displays by loading digits ones, tens and hundreds and switching on and off their common.  It sets the decimal point also.  It uses a look up table PATTERN and jumps back and forth and places its result into port C (not port B as in the comments)
PATTERN is a look up table that sets port C for the 7 segments display by turning on and off segments.    
20 AMP VERSION:
Sections of code have been added to switch the display to display above 10 amps.  This also requires the switching of the decimal point.  This was done by using a flag2.  The factors have changed also.   
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