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https://courses.lumenlearning.com/physicalgeology/chapter/9-3-earths-magnetic-field/
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<latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit><latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit><latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit><latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit>

https://dc.edu.au/dot-point-summary-motors-and-generators/



Types of Motors
DC motors 

AC motors, induction motors 

Stepper motors 

Servos 

Brushless DC motors 

…



Stepper Motors



https://www.youtube.com/watch?v=TWMai3oirnM&t=64s



Manual Stepping





2 phases 
8 poles 
50 teeth

4 steps moves rotor by 1 tooth position 
200 steps per revolution

https://www.orientalmotor.com/stepper-motors/technology/2-phase-vs-5-phase-stepper-motors.html





H-Bridge







A4988  

Stepper Motor Driver Chip



Pololu Stepper Motor Driver Board



Jumpers set micro stepping

Motor 
Cable

Protoneer CNC Shield



MS0       MS1       MS2      Microstep Resolution  
Low       Low       Low       Full step  
High      Low       Low       Half step  
Low       High      Low       Quarter step  
High      High      Low       Eighth step  
High      High      High      Sixteenth step 











universal gcode sender



GRBL Settings
Specification 

$$ 

Calculation of grbl settings for GT2 belts  

$100=80 // x steps per mm = 16 * 200 / 40 

$101=80 // y steps per mm 

 



GCODE (NIST RS-174)
G0 - rapid motion  

G1 - linear motion (e,g, G1 X40 F1000) 

G20 - set units to inches 

G21 - set units to millimeters 

G28 - return to home 

G90 - use absolute coordinates 

G91 - use relative coordinates



\

Vm = �Km !
<latexit sha1_base64="t3a1fk397+w7zLSHWs+4l/VWshQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCCy0zIuhGKLgpuKlgH9AZhkyaaUPzGJKMUIfir7hxoYhb/8Odf2P6WGjrgcs9nHMvuTlxyqg2nvftFJaWV1bXiuuljc2t7R13d6+pZaYwaWDJpGrHSBNGBWkYahhpp4ogHjPSigc3Y7/1QJSmUtybYUpCjnqCJhQjY6XIPWhGHF7Ds1vbglMYSE56KHLLXsWbAC4Sf0bKYIZ65H4FXYkzToTBDGnd8b3UhDlShmJGRqUg0yRFeIB6pGOpQJzoMJ9cP4LHVunCRCpbwsCJ+nsjR1zrIY/tJEemr+e9sfif18lMchXmVKSZIQJPH0oyBo2E4yhglyqCDRtagrCi9laI+0ghbGxgJRuCP//lRdI8r/hexb+7KFdrsziK4BAcgRPgg0tQBTVQBw2AwSN4Bq/gzXlyXpx352M6WnBmO/vgD5zPH89lk4k=</latexit><latexit sha1_base64="t3a1fk397+w7zLSHWs+4l/VWshQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCCy0zIuhGKLgpuKlgH9AZhkyaaUPzGJKMUIfir7hxoYhb/8Odf2P6WGjrgcs9nHMvuTlxyqg2nvftFJaWV1bXiuuljc2t7R13d6+pZaYwaWDJpGrHSBNGBWkYahhpp4ogHjPSigc3Y7/1QJSmUtybYUpCjnqCJhQjY6XIPWhGHF7Ds1vbglMYSE56KHLLXsWbAC4Sf0bKYIZ65H4FXYkzToTBDGnd8b3UhDlShmJGRqUg0yRFeIB6pGOpQJzoMJ9cP4LHVunCRCpbwsCJ+nsjR1zrIY/tJEemr+e9sfif18lMchXmVKSZIQJPH0oyBo2E4yhglyqCDRtagrCi9laI+0ghbGxgJRuCP//lRdI8r/hexb+7KFdrsziK4BAcgRPgg0tQBTVQBw2AwSN4Bq/gzXlyXpx352M6WnBmO/vgD5zPH89lk4k=</latexit><latexit sha1_base64="t3a1fk397+w7zLSHWs+4l/VWshQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCCy0zIuhGKLgpuKlgH9AZhkyaaUPzGJKMUIfir7hxoYhb/8Odf2P6WGjrgcs9nHMvuTlxyqg2nvftFJaWV1bXiuuljc2t7R13d6+pZaYwaWDJpGrHSBNGBWkYahhpp4ogHjPSigc3Y7/1QJSmUtybYUpCjnqCJhQjY6XIPWhGHF7Ds1vbglMYSE56KHLLXsWbAC4Sf0bKYIZ65H4FXYkzToTBDGnd8b3UhDlShmJGRqUg0yRFeIB6pGOpQJzoMJ9cP4LHVunCRCpbwsCJ+nsjR1zrIY/tJEemr+e9sfif18lMchXmVKSZIQJPH0oyBo2E4yhglyqCDRtagrCi9laI+0ghbGxgJRuCP//lRdI8r/hexb+7KFdrsziK4BAcgRPgg0tQBTVQBw2AwSN4Bq/gzXlyXpx352M6WnBmO/vgD5zPH89lk4k=</latexit><latexit sha1_base64="t3a1fk397+w7zLSHWs+4l/VWshQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCCy0zIuhGKLgpuKlgH9AZhkyaaUPzGJKMUIfir7hxoYhb/8Odf2P6WGjrgcs9nHMvuTlxyqg2nvftFJaWV1bXiuuljc2t7R13d6+pZaYwaWDJpGrHSBNGBWkYahhpp4ogHjPSigc3Y7/1QJSmUtybYUpCjnqCJhQjY6XIPWhGHF7Ds1vbglMYSE56KHLLXsWbAC4Sf0bKYIZ65H4FXYkzToTBDGnd8b3UhDlShmJGRqUg0yRFeIB6pGOpQJzoMJ9cP4LHVunCRCpbwsCJ+nsjR1zrIY/tJEemr+e9sfif18lMchXmVKSZIQJPH0oyBo2E4yhglyqCDRtagrCi9laI+0ghbGxgJRuCP//lRdI8r/hexb+7KFdrsziK4BAcgRPgg0tQBTVQBw2AwSN4Bq/gzXlyXpx352M6WnBmO/vgD5zPH89lk4k=</latexit>

VL = �Lm
dI

dt
<latexit sha1_base64="O3/bzMj1xE2DJk8t46uvP/oRC1s=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjIjgm6EgpsKXVSwD2iHIZPJtKHJZEgyQhmKG3/FjQtF3PoV7vwbM+0stPVA4HDOudzcEySMKu0439bS8srq2nppo7y5tb2za+/tt5VIJSYtLJiQ3QApwmhMWppqRrqJJIgHjHSC0U3udx6IVFTE93qcEI+jQUwjipE2km8ftv0GvIZnDZ/DLLyFfWHSMNSTsm9XnKozBVwkbkEqoEDTt7/6ocApJ7HGDCnVc51EexmSmmJGJuV+qkiC8AgNSM/QGHGivGx6wgSeGCWEkZDmxRpO1d8TGeJKjXlgkhzpoZr3cvE/r5fq6MrLaJykmsR4tihKGdQC5n3AkEqCNRsbgrCk5q8QD5FEWJvW8hLc+ZMXSfu86jpV9+6iUqsXdZTAETgGp8AFl6AG6qAJWgCDR/AMXsGb9WS9WO/Wxyy6ZBUzB+APrM8fPamVbQ==</latexit><latexit sha1_base64="O3/bzMj1xE2DJk8t46uvP/oRC1s=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjIjgm6EgpsKXVSwD2iHIZPJtKHJZEgyQhmKG3/FjQtF3PoV7vwbM+0stPVA4HDOudzcEySMKu0439bS8srq2nppo7y5tb2za+/tt5VIJSYtLJiQ3QApwmhMWppqRrqJJIgHjHSC0U3udx6IVFTE93qcEI+jQUwjipE2km8ftv0GvIZnDZ/DLLyFfWHSMNSTsm9XnKozBVwkbkEqoEDTt7/6ocApJ7HGDCnVc51EexmSmmJGJuV+qkiC8AgNSM/QGHGivGx6wgSeGCWEkZDmxRpO1d8TGeJKjXlgkhzpoZr3cvE/r5fq6MrLaJykmsR4tihKGdQC5n3AkEqCNRsbgrCk5q8QD5FEWJvW8hLc+ZMXSfu86jpV9+6iUqsXdZTAETgGp8AFl6AG6qAJWgCDR/AMXsGb9WS9WO/Wxyy6ZBUzB+APrM8fPamVbQ==</latexit><latexit sha1_base64="O3/bzMj1xE2DJk8t46uvP/oRC1s=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjIjgm6EgpsKXVSwD2iHIZPJtKHJZEgyQhmKG3/FjQtF3PoV7vwbM+0stPVA4HDOudzcEySMKu0439bS8srq2nppo7y5tb2za+/tt5VIJSYtLJiQ3QApwmhMWppqRrqJJIgHjHSC0U3udx6IVFTE93qcEI+jQUwjipE2km8ftv0GvIZnDZ/DLLyFfWHSMNSTsm9XnKozBVwkbkEqoEDTt7/6ocApJ7HGDCnVc51EexmSmmJGJuV+qkiC8AgNSM/QGHGivGx6wgSeGCWEkZDmxRpO1d8TGeJKjXlgkhzpoZr3cvE/r5fq6MrLaJykmsR4tihKGdQC5n3AkEqCNRsbgrCk5q8QD5FEWJvW8hLc+ZMXSfu86jpV9+6iUqsXdZTAETgGp8AFl6AG6qAJWgCDR/AMXsGb9WS9WO/Wxyy6ZBUzB+APrM8fPamVbQ==</latexit><latexit sha1_base64="O3/bzMj1xE2DJk8t46uvP/oRC1s=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjIjgm6EgpsKXVSwD2iHIZPJtKHJZEgyQhmKG3/FjQtF3PoV7vwbM+0stPVA4HDOudzcEySMKu0439bS8srq2nppo7y5tb2za+/tt5VIJSYtLJiQ3QApwmhMWppqRrqJJIgHjHSC0U3udx6IVFTE93qcEI+jQUwjipE2km8ftv0GvIZnDZ/DLLyFfWHSMNSTsm9XnKozBVwkbkEqoEDTt7/6ocApJ7HGDCnVc51EexmSmmJGJuV+qkiC8AgNSM/QGHGivGx6wgSeGCWEkZDmxRpO1d8TGeJKjXlgkhzpoZr3cvE/r5fq6MrLaJykmsR4tihKGdQC5n3AkEqCNRsbgrCk5q8QD5FEWJvW8hLc+ZMXSfu86jpV9+6iUqsXdZTAETgGp8AFl6AG6qAJWgCDR/AMXsGb9WS9WO/Wxyy6ZBUzB+APrM8fPamVbQ==</latexit>

VR = IRm
<latexit sha1_base64="467X7Y07C3S2eQmrlqCTlLVbtDg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXuqtFvsBbQib7aZdursJuxuhhP4NLx4U8eqf8ea/cdPmoK0PBh7vzTAzL0w408Z1v5219Y3Nre3STnl3b//gsHJ03NFxqghtk5jHqhdiTTmTtG2Y4bSXKIpFyGk3nNzlfveJKs1i+WimCfUFHkkWMYKNlQadoIVu0T1qBaIcVKpuzZ0DrRKvIFUo0AwqX4NhTFJBpSEca9333MT4GVaGEU5n5UGqaYLJBI9o31KJBdV+Nr95hs6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZy8T+vn5roxs+YTFJDJVksilKOTIzyANCQKUoMn1qCiWL2VkTGWGFibEx5CN7yy6ukc1nz3Jr3cFWtN4o4SnAKZ3ABHlxDHRrQhDYQSOAZXuHNSZ0X5935WLSuOcXMCfyB8/kDhlKQDQ==</latexit><latexit sha1_base64="467X7Y07C3S2eQmrlqCTlLVbtDg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXuqtFvsBbQib7aZdursJuxuhhP4NLx4U8eqf8ea/cdPmoK0PBh7vzTAzL0w408Z1v5219Y3Nre3STnl3b//gsHJ03NFxqghtk5jHqhdiTTmTtG2Y4bSXKIpFyGk3nNzlfveJKs1i+WimCfUFHkkWMYKNlQadoIVu0T1qBaIcVKpuzZ0DrRKvIFUo0AwqX4NhTFJBpSEca9333MT4GVaGEU5n5UGqaYLJBI9o31KJBdV+Nr95hs6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZy8T+vn5roxs+YTFJDJVksilKOTIzyANCQKUoMn1qCiWL2VkTGWGFibEx5CN7yy6ukc1nz3Jr3cFWtN4o4SnAKZ3ABHlxDHRrQhDYQSOAZXuHNSZ0X5935WLSuOcXMCfyB8/kDhlKQDQ==</latexit><latexit sha1_base64="467X7Y07C3S2eQmrlqCTlLVbtDg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXuqtFvsBbQib7aZdursJuxuhhP4NLx4U8eqf8ea/cdPmoK0PBh7vzTAzL0w408Z1v5219Y3Nre3STnl3b//gsHJ03NFxqghtk5jHqhdiTTmTtG2Y4bSXKIpFyGk3nNzlfveJKs1i+WimCfUFHkkWMYKNlQadoIVu0T1qBaIcVKpuzZ0DrRKvIFUo0AwqX4NhTFJBpSEca9333MT4GVaGEU5n5UGqaYLJBI9o31KJBdV+Nr95hs6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZy8T+vn5roxs+YTFJDJVksilKOTIzyANCQKUoMn1qCiWL2VkTGWGFibEx5CN7yy6ukc1nz3Jr3cFWtN4o4SnAKZ3ABHlxDHRrQhDYQSOAZXuHNSZ0X5935WLSuOcXMCfyB8/kDhlKQDQ==</latexit><latexit sha1_base64="467X7Y07C3S2eQmrlqCTlLVbtDg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXuqtFvsBbQib7aZdursJuxuhhP4NLx4U8eqf8ea/cdPmoK0PBh7vzTAzL0w408Z1v5219Y3Nre3STnl3b//gsHJ03NFxqghtk5jHqhdiTTmTtG2Y4bSXKIpFyGk3nNzlfveJKs1i+WimCfUFHkkWMYKNlQadoIVu0T1qBaIcVKpuzZ0DrRKvIFUo0AwqX4NhTFJBpSEca9333MT4GVaGEU5n5UGqaYLJBI9o31KJBdV+Nr95hs6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZy8T+vn5roxs+YTFJDJVksilKOTIzyANCQKUoMn1qCiWL2VkTGWGFibEx5CN7yy6ukc1nz3Jr3cFWtN4o4SnAKZ3ABHlxDHRrQhDYQSOAZXuHNSZ0X5935WLSuOcXMCfyB8/kDhlKQDQ==</latexit>

Inductance 

Resistance

Back EMF



Steady State Operation

T = KT I
<latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit><latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit><latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit><latexit sha1_base64="By4lf94kyYD4YWWmeMXTTXAcRhU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CwUvFS4Xth7RLyabZNjTJLklWKEt/hRcPinj153jz35i2e9DWBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3M7/9RJVmsfTNJKGBwEPJIkawsdKjj27Qfd9Hd/1yxa26c6BV4uWkAjka/fJXbxCTVFBpCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDND56iM6sMUBQrW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNTXQdZEwmqaGSLBZFKUcmRrPv0YApSgyfWIKJYvZWREZYYWJsRiUbgrf88ippXVQ9t+o9XFZq9TyOIpzAKZyDB1dQgzo0oAkEBDzDK7w5ynlx3p2PRWvByWeO4Q+czx+/Oo8S</latexit>

Stall

No Load



Torque Curve
Torque vs Speed 

■ Torque proportional to current 

■Speed proportional to voltage 

Theoretical curve 

■Stall torque / current 

■Speed under no load





Potentiometer sets current

Vref = I * 8 * Rsense 
Rsense=100 milliohms(?)



H-Bridge

A4988



Full Step



Half Step



Quarter Step



16 Step



https://softsolder.com/2017/12/05/mpcnc-a4988-driver-microstep-waveforms/

4988 - 16 microsteps



https://softsolder.com/2011/06/20/stepper-sync-wheel-current-waveform-first-light/

4988 - 16 microsteps



https://softsolder.com/2017/11/29/mpcnc-12-v-supply-vs-stepper-current-vs-axis-speed/



4988 - 16 microsteps

A

B

PWM - 20 KHz

http://circuitcellar.com/cc-blog/stepper-motor-back-emf/



http://circuitcellar.com/cc-blog/stepper-motor-back-emf/



Chopper Driver
Drive motor with 20 Khz PWM at 24V 

Current sense resistor  

Feedback loop to adjust pulse width to set 
current (too much, decrease width, etc.) 

Notes: 

■Current controlled, voltage doesn’t matter  

■ Inductance can changes waveform



Modular Machines





Types of Motors



SG90

Servo



Brushless DC

Turnigy TrackStar Sensored Brushless Motor 1900KV



Precision Gear Motor

Servocity


