SimLab 6 -
DC Motorin LTspice




\ Prerequisites

e Please make sure you have completed the following:
o Lab 7 LTspiceutorial parts 1-4
o Simulation Lab 8 Part 1- MATLAB



\ Learning Objectives

1. Import a realistic DCMotor modelto LTspice
2. Study the IV Characteristic of DC Motor in simulation
3. Study the back EMF effect of DC Motor in simulation
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1. Import DC Motor Component



1. Import DC Motor Component

e As you have seen in theutorials, LTspice allows you to add a wide range of
components to your schematic in LTspice, including voltage source, resistor,
capacitor, etc. However,a DC motor like the ones that we used for our cars in
previous labs, is not on the list of components innately provided by LTspice. &/
need to model a DC motor usingcomponents offered in LTspice.

e One simple modelof motor would be a simple resistor + inductor design, as shown
in figure 1. Thismodel of motor considers that the motor not only has resistance,
but also a “coil” of wire that operates as an electromagnet and offers a significant
amount of inductance. While current flows, energy is stored in the form of a

Figure 1. magnetic field. This DC motor model, while better than a simple resistive model,

still ignores mechanical properties like inertia. Therefore, its simulation will poorly

reflect real-world operation.

e If you wish to know more on the characterization of a DCmotor, you should read
this article.


https://sciamble.com/Resources/pe-drives-lab/basic-drives/dc-characterization

1. Import DC Motor Component

e There are many mechanical properties of a DC motor, such as internal friction,
non-zero turn-on voltage, etc. In this lab, our DC motomodel considersthe back
EMF effect of DC motors,as briefly mentioned in lab 5. A model of the DC motor
that considers back EMF is illustrated in figure 2.

e Note that this illustration is a simplification as it does not show how the voltage
output of the voltage source ‘BACK_EMF’ is determined. However, this detail can
be left behind for now, sinceyour TAshave created the model of DC motor for you.
If you are curious about how this model works internally, you can read all about it
in this article andthis article.

| BACK_EMF

Vv

Figure 2.
e Now, please download the DC motor model that we created for you fronECE110

Lab Procedurescalled dc_motor.ascand dc_motor.asy. Next, we are going to show
you how to import this customized model to LTspice



https://www.precisionmicrodrives.com/content/ab-021-measuring-rpm-from-back-emf/
https://www.precisionmicrodrives.com/content/ab-025-using-spice-to-model-dc-motors/
https://courses.engr.illinois.edu/ece110/content/labs/

1. Import DC Motor Component

e After the file is downloaded, unzip the file to extract the following two files:

dc_motor.asc: LTspice schematic for the DC motor component

dc_motor.asy: LTspice symbol for the DC motor component

e Now, place bothfiles into the followingdirectory:

C:\Users\[yourUserName]\Documents\LTspiceXVII\1ib\sym

Note:

- Thedirectory shown above may vary depending on where you install LTspice. Ask a TA for help if
you are having trouble finding this directory on your computer.

- If you are not sure how to unzip the files, check out this link.


https://www.simplehow.tips/a/56/how-to-zip-and-unzip-files-in-windows10

1. Import DC Motor Component

e Save any work and closeut of LTspice
if it is open. This will force it to read the
symbol folder again.

e OpenLTspiceand open a new

schematic by pressindSagEIRy -

e Then, press the component symbol
and then search for in the
search bar. You should see something
similar to figure 3. Click ok to place the
motor component on your schematic.

Figure 3.
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Motorin simulation



2. IV Characteristic of DC Motor In simulation

e To understand how the DC motor in simulation differs fromyour DC motor of your lab
car chassislet’s do a quick analysis of the IV characteristic of the DC motor component.

e Similar to what we have done in lab 6, build the circuit shown in figure 4 in LTspice.

Figure 4.



2. IV Characteristic of DC Motor In simulation

e Now, we will sweep the voltage of the voltage source from OV to 6V ibs and

obtain the current and voltage signal.
e First, edit the voltage source. Right click on the voltage source and select

W Voltage Source - V1 X

DC value[V]: IIl

Cancel

Series Resistance[(]]: I:l

Figure 5.



2. IV Characteristic of DC Motor In simulation

W Independent Voltage Source - V1

Functions
e Under ‘Functions’, selectgiM (Piecewise O (renl | |
O PULSE(V1 V2 Tdelay Trise Tfall Ton Period Ncycles)
Linear) and enter the settings as shown in L e e e e
figure 6. That is, sweep from 0 to 6 volts in O EXP(V1 V2 Td1 Taut Td2 Tau)
0 to 6 seconds. O SFFM(Voff Vamp Fcar MDI Fsig)
e The voltage supplied by V1 will ramp up
from OV to 6V in the span of 65 in O PWLFILE:
simulation.

time1[s]:
valuel[V]:
time2[s]:
value2[V]:
time3[s]:
value3[V]:
time4[s]:

TIREEE

value4[V]:

Additional PWL Points

Make this information visible on schematic:

Figure 6.



2. IV Characteristic of DC Motor In simulation

e Now, we will add simulation. Click on thtab and then select

Simulation CmdEERELalNYiaRlsRile[Ig-IA

e Next, enter the Stop time of 6s as shown in figure 8 and then click ‘OK”.

T |Tspice XVII - Draft3.asc & edit Simulation Command

File Edit Hierarchy View | Simulate Tools Window Help

& & 5 * &% Run X
: Ctrl+P M Draft3.asc

Ctrl+H

Transient AC Analysis DCsweep Noiss DC Transfer DCop pnt
Perform a non-linear, time-domain simulation
Stop time:
. _ - - Time to start savi
4, dc_motor.asc - Instance: X1

Draft3.asc

Efficiency Calculation »

c?‘ Control Panel

Edit Simulation Cmd

Syntax: .tran <Tprint> <Tstop> [<Tstart> [<Tmaxstep>]] [<option> [<option>] ...]

tran0E60

Cancel OK

Figure 7. Figure 8.



2. IV Characteristic of DC Motor In simulation

e In simulation, probe the vo/tageoutput from the voltage source, as shown in figure 9.
The voltage waveform should show up as ‘V(nee1)~’.

e Also, probe the currententeringthe motor, as shown in figure 10. The current
waveform should show upin simulation as “Ix(x1:INPUT)’

o  Tomeasure current, make sure to click on the connection point of the wire and the motor
input. You should see the symbol in the orange box shown in figure 10 instead of the red

probe infigure 9.

PWL(0066) M PWL(0066) J

tran060 \T Aran060 \T

Figure 9. Figure 10.




2. IV Characteristic of DC Motor In simulation

e For the current waveform, you should be able to see current for a ‘while stalled’
portion and a ‘while moving’ portion, similar to the ‘approaching turron’ curve
that is shown in figure 11

approaching turn-on

Figure 11.



2. IV Characteristic of DC Motor In simulation

Question 1: From the waveforms, determine the ‘turn-on’ voltage of the motor,
l.e., the voltage when motor stop stalling and start moving.

Question 2: Export the voltage and current data and plot the IV curve in MATLAB.
Perform a linear curve-fit to the “while moving” portion of this data.

o  For exporting data and plotting in MATLAB, seethe tutorial at the Lab Procedure
webpage.

Question 3: Determine a linear equation (slopeintercept form) corresponding to
your linear curve-fit generated from your simulated model.

o While Moving: I = V +

Submission: Submit the schematic for this part. Also, submit waveforms and the
answers to question 1 to 3.
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3. Back EMF Effect of DC Motor In
simulation



3. Back EMF Effect of DC Motor Iin simulation

e We have seen the back EMF effect of DC motors from lab 5. Read the paragraph
before Lab 5 Question 10 if you forgot what back EMF is.

e Now, we will observe the back EMF effect of the DC motor component in
simulation.



3.Back EMF Effect of DC Motor in simulation

e Open up a new schematic and build the circuit shown below in figure 12. Read
ahead for some hints on building the circuit.

v_source

M1
Si7336ADP

.tran010

Figure 12.



3.Back EMF Effect of DC Motor in simulation

e How to add MOSFET to the circuit.

o  Click component symbolfBg , and then seafiiel] in the search bar
as shown infigure 13.Then, click ‘OK".

o Right clickon MOSFET comionent, i [aKdilddPick New MOSFETE

pick the first option SEREE[FY, then click ‘OK’. See figure 14. vsodree

M1
Si7336ADP
Y MOSFET - M1

OK

Cancel
Pick New MOSFET
MOSFET Properties
MOSFET: | SI73

Manufacturer:

Rds(on)[Q]

ugatu[(_].

Figure 13. Figure 14.



3. Back EMF Effect of DC Motor Iin simulation

e How to add a squaredwave power supply (V2)

o Add a voltage source (shown as V2 in the figure to the right). Then,
right click on the voltage source and clic

M1

"‘7 Voltage Source - V2 it Si7336ADP

DC value[V]: I:l

Cancel

Series Resistance[Q]: I:l




3.Back EMF Effect of DC Motor in simulation

How to add a squaredwave power supply (V2) (cont'd)

o

Under ‘Functions’, selecti8]3M and enter the settings as shown in
figure 15.

DC Value
M1
Si7336ADP

JAran010

—IPWL FILE.

Vinitial[\V]
Von[v] 6 _|
Tdelayls| 100m Make this mlormabion wisible on schemabic: |+
Insels|

Tialls]

Maka this information visible on schematic: [v| Cancel

Figure 15.



3.Back EMF Effect of DC Motor in simulation

e How to add a node

o Click on @ from the menu bar and then ty or

in the bar as shown in the figure 16 below. Click ‘OK".
o  After adding the node, use wire to connect the node to the circuit.

v2 M1
Si7336ADP

“'7 Net Name

Aran010

) GND(global node 0)

) coM

- O

Port Type: | None i

Cancel

Figure 16.



3.Back EMF Effect of DC Motor in simulation

Question 4: After completing the circuit, run simulation with
EglelTime to start saving data=O0fdgelelRGAYIEI I Idlele[Ay Source
and YAeIgAYE as shown in figure 17.Save and submit the resulting simulation
waveforms and write down your observations.

e Question 5: Compare the above waveform to the waveform you sketched in
Lab 5 Question 10. How do they compare? Do you see large spikes at node
from your simulation waveform?

M1
Si7336ADP

Figure 17.



3.Back EMF Effect of DC Motor in simulation

e Now, let’s try to suppress the large spikes produced by back EMF with a diode.

e Add a diode by clicking orf4

left to the ‘component’ button on the menu bar.

e Set the diode values by right clicking the diode. Then, cIi and
pick the first option as shown in figure 18.Click ‘OK".

P Select Diode

Part No.

1N4148
MMSD4148
1TN5817
TNS818
TNS819
BATS54

MBR0520L
<

OnSemi
Onsemi
OnSemi
OnSemi
OnSemi
Vishay

OnSemi

silicon
silicon
silicon
Schottky
Schottky
Schottky
Schottky
Schottkv

Vbrkdn[V]

75.0
100.0
200
30.0
40.0
30.0
200

Tave[A]

model 1N4148 D(ls-
_model MMSD4148 [

.model TN5819 D(ls=
.model BAT54 D(ls=.

‘model MBR0520L C Y
>

Figure 18.

OK
Cancel

Pick New Diode

Diode Properties

Diode:

Manufacturer: |:|

Average Forward Current[A]: |:|
Breakdown Voltage[V]: |:|



3.Back EMF Effect of DC Motor in simulation

e Connect the diode to the rest of the circuit as shown in figure 19.

D1

1N914

v_source

v2 M1
Si7336ADP

PULSE(D 6 100m 1u 1u 100m 200m 5)

Aran010

Figure 19.



3.Back EMF Effect of DC Motor in simulation

e Question 6: After completing the circuit, run simulation as in question 4 and
again probe the voltage at nod and as shownin figure

16.Save and submit the resulting simulation waveforms. and write down
your observations.

e Question 7: Compare the waveform from question 6 and question 4. Does
the diode suppressed the voltage spikes? Explain.

e Submission:Submit your answers to question 4-7. Submit the schematic
used for question 6 and the waveforms from question 4 & 6.
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