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Pitch DiameterPressure Angle

OD

TYPICAL SPUR (PINION ) gears
 Psr =   Pinion Speed increase ratio = Pitch Dia [in inches] * PI (3.1416)/1
                                                             = Pitch Dia [in mm] * PI (3.1416)/25.4

Example:  1” Pitch Dia pinion will have a step up ratio speed increase of 3.14  
(approx 3) 

Belt reduction decreases speed by Raw Speed/Belt Reduction Ratio.
Belt reduction increases linear force by normal force X Belt Reduction Ratio.

R

FIXED

R1

R2 R3

Linear Force

Belt Reduction Ratio = 
             R2/R1

Raw Motor Resolution = 1/200 = .005” linear [.127mm] 
Final linear resolution = .005/Belt Reduction Ratio 

P1

P2

P3

Forces:  
T1= Rated motor holding torque  (Oz-in) / R1
T2 = Shaft holding torque of P2 = motor holding torque * Belt Reduction Ratio
T3 = Torque (oz-in at pinion (teeth) = T2 * R3 

Note: Motor torque decreases with Motor RPM so a number of about 50% of the holding torque 
should be used for most calculations.

RACK

Numbers for direct pinion drive are 
:simply Psr * Motor RPM = IPM 
(speed) 
Torque(oz) = T1/ R3 

LINEAR MOTION WITH RACK & PINION

Motor constants:   (based on stepper motors provided by CandCNC)
Typical USABLE RPM of hybrid steppers (moderate load) with different DC power
                             24 VDC  = 400 RPM
                             48 VDC  = 600 RPM
                             65 VDC  = 800 RPM
Number of steps for 1 motor REV = 3200 (this is a fixed number based on Microstepping X16)
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EXAMPLES

620 oz-in Stepper motor @ 48 VDC with 1” dia pinion gear & direct drive:
Max possible IPM = 800rpm X 3.142 = 2400 IPM

* 50% RPM linear force = 50% Stepper motor torque/pinion Radius/Pinion Speed 
Ratio = (310Oz-in/.5in) / 3 = 206.66 linear oz of force 

Same design but with 3:1 belt reduction from motor to pinion shaft:

(310OZ-in/.5in)/1  = 620 linear oz linear force.  

*  in the above calculations the motor RPM and torque numbers of 50% were used 
to operate the motor in the center part of it’s torque-RPM curve.

Calculating the beginning Steps per UNit on an AXIS

Use the following formula to get a ballpark steps per unit number in MACH:

Psr = Pinion Speed increase ratio = Pitch Dia [in inches] * PI (3.1416)/1
Target Steps per Unit = (Psr X 3200)/Belt Reduction ratio
NOTE: New SMOOTHMOVERII Drivers use 16 micro steps per step
This will give you the required number of steps it takes to move 1”

Once you have the calculated number of steps it takes to move the axis one inch 
then put that number into the STEPS per UNIT of the motor.

Based on the speed numbers you have calculated from the previous pages set your 
velocity to a value of 60 to 80% of that number.

Set your Beginning Accelerations to a low number like 10

To fine tune the calibration see the next pages.
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Setting the initial Steps per Unit in CONFIGURATOR motor tuning.
Every table will have different Steps Per Unit, Velocity (max speed) and Acceleration settings.  To do 
testing on the table you must determine the correct settings for your table.  Use the following method:
For Steppers:

1. Determine the number of steps your motors need to make one full revolution (Normally 
200 for most steppers) 

2. Multiply by the Motor Driver microstepping rate (16 for SmoothMoverII drivers) = 
3200 steps for one motor revolution.

3. Determine the drive ratio of your mechanical drive (how far does the leadscrew or pinion 
move the load with one revolution of the motor).

4. Convert everything to your Units (inches/millimeters) and same time measurements 
(seconds or minutes).

Using 1 and 2 above we know we have to send 3200 pulses (step pulses) from CommandCNC to rotate the 
motor one complete revolution (360 Degs). 

 The rest of the math is based on the transmission ratio(s) between the motor and the final drive element.  
If it's Rack & Pinion you need to know the DP (diametric pitch) or the tooth count of the pinion gear and 
the TPU of the Rack (Teeth per unit).
If it's a direct drive leadscrew you need to know the treads per unit  (TPI for inch units).

We have to determine how far the load moves (in units) for each REV of the motor.  

Lets do a direct drive leadscrew of 5 TPI:

It takes 5 turns to move the load one inch of linear movement so the steps per inch (unit) of the axis is 
simple: 3200 [number of steps for one rev] X 5 [number of Rev to move one inch] = 16,000 steps per 

thinch.  (.0000625”) resolution.  About 6 to 7 times the torque.  1/5  the motor Speed.

Now let's do a R & P direct drive and an R & P with a belt reduction transmission:

For a R & P the distance traveled per rev of the pinion is given by the Diameter of the pinion X PI [3.1416].  If 
we use a 1” Diameter pinion the distance traveled is 3.1416” per rev of the pinion   So a direct coupled motor 
gives us over 3” of travel per rev.  To get it back to a Unit (1“) it would be the number of steps (3200 from 
above) / 3.1416 or 636.6183….as you can see, the resolution at .00157 per step is MUCH courser than 
the 5 TPI leadscrew.  The max velocity (speed would be over 8 times the leadscrew but with 1/3 the 
torque of the motor specs) is over 2000 IPM.

To gain back the lost resolution and torque you should belt reduce between the motor and pinion.  With a 
5:1 ratio you would see the numbers change to:

3200 /3.14165 X 5 or 5092.94 steps per inch (.000196 inch).  Torque would be 1.66 times greater than 
motor rated torque.  

NOTE:  DO NOT use the microstepping in a “true” resolution calculation for accuracy.  Microstepping is 
for motion smoothness and cannot be counted on to actually position the motor shaft at a fraction of a 
motor pole (between poles).  It can be off and the faster the motor spins the less effect microstepping 
has.  The only true resolution will be the 200 steps per rev of the motor.  In practice it will be somewhat 
better especially at slower RPM but it varies.
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Testing the BladeRunner for motor control
.  In order to get motion and you need to have CommandCNC running with it out of E-stop and 
the CP LED on the front panel if the MP3600 or on the side of the BladeRunner.  Without CP 
active, you will not get motion.

 Make sure all of the cables are connected. 
 Power up the Main Control.
 Load CommandCNC with the proper profile (BladeRunner) and Screen.
 Turn on DC Motor power using the ON button on the Front Panel (ESPII boxes). 
 Motors should “lock” when power comes on to the motors.
 Hit the Reset button.  The Button Text will change from E-STOP ACTIVE to PRESS 

FOR E-STOP.
 The CP LED on the front panel of the BladeRunner or MP3600 will turn solid Yellow 
 Use the keyboard arrow keys to jog your machine.  Make sure they move the right 

direction based on the DRO. Movement away from x0 Y0 and Z 0 should cause the 
respective DRO to INCREASE.

  Use the MDI screen to enter a motion command (Example:   G0 X10.0 )  and check 
that the axis moves in the right direction and the proper distance.

NOTE:  Sample numbers  Yoursystem will be different

It is important to note here that the motion of Z for jogging and via G-Code is set 
in the CONFIGURATOR but the DTHC settings ARE INDEPENDENT and if you 
need to, refer to the CommandCNC-DTHCIV Manual for proper setup and 
tuning of the DTHC for Z. 
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At this point you should have motion on all axis using the keyboard keys to scroll with.  
In this section we will set the direction of motion for each axis and match the keyboard 
keys to that motion.

IF YOU HAVE THE MOTORS ON THE BENCH AND LABELED YOU WILL NEED TO 
ORIENT THEM LIKE THEY WILL  BE MOUNTED ON THE TABLE AND WATCH THE 
DIRECTION OF TURN OF THE SHAFTS.  IF YOU DECIDE TO MOUNT THE 
MOTORS ON THE TABLE,  YOU SHOULD DISENGAGE THEM FROM THE TRAVEL 
MECHANISM UNTIL YOU GET ROTATION DIRECTION RESOLVED.  THIS IS 
ESPECIALLY TRUE FOR THE SLAVED MOTOR ON THE GANTRY AXIS.

1. Load CommandCNC and the Plasma or Router Profile.
2. Power up the BladeRunner AIO and the DC to the motors.
4. Move Each axis several inches away from the Table 0 (home switch) positions 5. Zero 
each DRO with Zero Button next to each axis. 
5. Jog the Z first.  Note the Z DRO as it moves UP. 
 a.  If the numbers are INCREASING in value then the direction is correct.
 b.  If the numbers are DECREASING then the direction is wrong. See the image   from
           the CONFIGURATOR / MOTORS screen to reverse the direction of a motor 
           rotation.

7. JOG the non-slaved axis next and do the same DRO check and change if it is 
scrolling the wrong direction.
8.  The Slaved Axis is a little different.  You must FIRST setup the slaving by assigning 
two motors to the same axis name  
9. If in the setup you need to change the Master Axis DIR to make it move correctly, you 
will also need to change the Slave Axis on a 4 axis (Software Slave) setup.
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Setting Motor Direction of Travel
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 The MDI is a line to allow you to type in direct g-code commands to make 
the machine make specific moves.  You don't need to have a deep 
knowledge of g-code to use it for testing.

(Your MDI may look different)

 When you type in a g-code command it is not case 
sensitive but be sure to use zeros's and not  “O's” 
for the numbers!   Use numbers after G NOT 
letters.  G1 not Gl 

 With the machine out of e-stop and power on, type 
the following into the MDI Frame:

o Move the screen cursor to the MDI menu 
tab and click on it.  The MDI screen will 
appear and a history of previous 
commands.  No other movement keys work 
when the MDI frame is selected.  The 
command is entered at the bottom 

o You must have the motors powered up and 
CommadnCNC out of RESET 

o With the cursor in the Edit box hitting 
ENTER will execute the line and put it in 
History  or clicking Check Icon (see below) 

 The called  axis should move in some direction. It 
should have moved away from your established 
zeros and the DRO numbers should have 
increased.  If it did not then you need to reverse 
the direction of axis travel.

 Work with each axis to establish that the 
movement direction is correct. Use the MDI frame 
and change the axis letter from X to Y then Z.  Do 
NOT change the polarity of the step signal 

H
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Click the check icon on the right 
side to RUN the line of code 
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FORMULA FOR CALIBRATING
 Steps per Unit on an axis

Initial Steps per unit (in 
Configurator CommandCNC)

Current Setting in Steps per UNIT      

Actual Distance Traveled (Tape reading)                    
Commanded Distance (DRO reading) 
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error ratio

 X error ratio
New Steps per Unit

Other resources to help:
All CandCNC Videos :  https://www.candcnc.com/videos/

Video tutorial on motor tuning here: 
https://youtu.be/SU1CY8NJHAk

Steps per unit calculator here: 
https://www.candcnc.com
/knowledgebase/motor-tuning-calculator/

https://www.candcnc.com/
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FINE TUNING the calibration using the “tape measure” method

Once you have a ballpark of the number of steps it takes to move your machine 1 
inch, (or 1 mm) then you can fine tune that using a simple tape measure and a 
calculator.

1.  Establish a zero spot you can precisely mark on your table.  On a plasma table 
you need to remove the torch and either mount a  laser pointer at tool center or use 
a sharp pointed tool in a holder. You can also tape a small drill bit or pointer to the 
torch nozzle if your mount has enough room.  You want something small enough you 
can see errors of .020 on the marks of the tape.

2.  Setup up the axis you want to calibrate with the pointer sitting at the zero point 
and zero that axis DRO.

3.  Write down the Steps per Unit value you have for that axis.

4.  Open CommandCNC  to the MDITab  and find the MDI window.

5.  Type in a distance to send that axis out using the following G-Code (example is 
for moving X out 30 inches).  HIT THE ENTER Key to execute the line.

6.  Measure the ACTUAL distance you went with your tape measure from zero to 
where it stopped and write down the distance to as close a decimal value as you 
can (estimate the distance if it’s less than a 1/16 (.063).
7. BEFORE YOU make ANY changes move the axis back to the start point by 
using the MDI and typing G00 X0.000 (for the example above).
8.  Use the formula on the next page and calculate the new Steps per UNIT.  Then 
open the motor tuning in MACH and make the change.  Run the same test again 
(you should be MUCH closer.  Once you are as close as you can see by eye at 30 
inches do one final test at the longest point on that axis.  Typically if you are within 
.032 at the end of the move, you will be within 4 decimal points at 1 inch.  

MOTOR TUNING
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9.  Do each axis and get the calibration as close as you can.   On the Z its easier 
to use a known thickness gauge .  A 1-2-3 block works good to set the height .   
Setting a Z leadscrew |Ballpark” requires that you know the leadscew Threads 
per Unit (TPU) To move one unit you need toe spin the bleadscrew the number of 
times of the TPU.  Example:  A ballscrew with the TPU of 5 Threads per Inch  TPI 
needs 5 tev of the motor.  For a standard stepper with 200 poles  and a 16 
microstepping spec its 16X 200 = 3200 times the TPI or 3200 X 5 = 16,000 per 
INCH /   It will be very clsoe and the fainal setting willonly be slightly off of that 
number .   If you have a belt reduction that has to be in the calcualtion



Tuning the CandCNC Super Z II Z axis

1.  The Super Z II has a couple of different features that give it faster motion and faster 
resposnse
The Ballscrew is a 1605 metric that has a 5mm PITCH  so it moves the Z exactly 5mm 
per turn .   When calibration in Inches that has to be converted to inches so that 
is .19685 inches (slightly less than .2 inches) per tuern .   So to move it exactly 1” it 
takes 5.08 tirns to move 1 inch.   

So the moro needs 3200 steps for tunr and 16,254.0325 steps for 1 inch .   

With that info then belt INCREASE of the Super Z II has to be facored in .  Its got a 
ratioof 2:3  (.6667) so the final numbe is the normal steps per inch times the ratio or 16, 
254.03 times .6667 or 10, 837.89 steps per inch.   Is the faction steps sugniciant ?  Not 
over the short distcne of the Z move but it should be rounded to 10, 838.

Other Z can be different and most do not have the belt increase to gain more speed on 
Z .

Its important to keep the motor RPM in the operational range of the motors .   Most 
steppers can move a load on a ballscrew at up to 750 RPM   At that RPM you can move 
the Z at 600 X .19685 (use .2 which is clsie enough for sppeds) or about 150 IPM .  
Given the step up of the belt ratio then that increase it towell over 200 .  In practice wih 
the 630 oz in steppers that can reach well over 250 IPM ,   

DISCLAIMER:   Other types of Z ‘s may have finer pitch ballscrews and / oOr leadscrew 
(not ballscrews) that have higher frictional brag and the motor cannot spin as fast with 
the increased laod,       Its imporatnt to match the max velocity to the physics of youe Z 
given the variations in TPI and screw types.
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