KivnTApEG MOVIMOU JAYVHATN HE YHKTPEG.

O1  KivnTAPEG OuveEXOUG PEUPOTOG ME WAKTPEG KAl UOVIMOUG MAYVATEG
XPNOILOTTOIOUVTaI EUPEWG O EQAPUOYEC TTOU KupaivovTal atmd  Traiyvidla uéxpl Ta
PUBUICOEVA PE DIAKOTTTN UTTOUTOV KABICHATA QUTOKIVITWV.

O1 (BDC) (Brushed Direct current) kivnmpeg eival @Bnvoi, €UKOAol oOTNV
odnynon, Kai gival dueca dlaBéaiuol oe OAa Ta PEYEDN KAl oXAUATA.

Mapakdtw avaAueTal WG AEITOUPYED €vag TETOIOG KIVNTAPAG TTwG UTTOPEl 0dnynOei
Kl TTWG UTTOPET DIAOoUVOEDET e EVa PIKPOEAEYKTN

O1 KIVNTAPEG POVIMOU payvATN dev €XoUV TUAIyPaTa TTediou OTTWG HapTUpd Kal

n ovopacia Toug aAAd xpNnoIYOTToIoUV POVIMOUG HAyVATEG yia TNV dnuioupyia Tou
mediou. O1 KIVNTAPES auToi gival ouvABWG PIKPAG 1I0XU0G dNAadA e I0XU o€ KAAoPOTA
TOU ITTTTOU Kal €XOoUV XOUNAG KOOTOG KOTAOKEURG AOYywW TngG xpriong otdrtou atrd
MOVIUO payvATh.
Mpoo@épouv GPIoTN POTIA EKKIVIICEWGS Kal TNV OeUTEPN KAAUTEPN PUBUICH CTPOYWYV
META TOUG KIVNTAPEG oUVOETNG diEyepong. O1 eOWTEPIKEG ATTWAELIEG TTOU £XOUV gival
TTOAU Aiyeg o€ oOxéon Pe TOUuG AAAOUG KIVNTAPEG AOYW TNG EAAEIYNG TwV TTHVIWV
mediou. AuUTOi oI KIVNTAPEG WTTOPOUV VO QPEVAPICTOUV KAl VO QVTIOTPOQEI N @opd
AeIToupyiag Toug Pe XaunAn taon yupw o1o 10% TNG OVOUAOTIKAG XWPIG @O0 aAAG
TO peUPa avTIOTPOPNAG dev Ba TTPETTEl va EeTTEpVAEl auTO TTou Ba diEppEE TOV KIvNTAPA
ME OTAPATNMEVO Opopéa. TO MEIOVEKTNHUA TOUG E€ival N OTTWAEIA TWV PAyVATIKWY
IOI0TATWY HE TOov XPOvo. AUTO MTTOpEl va QVTIMETWTTIOTE ME TNV TOTTOBETNON
KaTaAAAAWVY TUAIYUATWYV. 'Exouv TTOAU KOAR YPOUMIKOTNTA OTNV TaXUTNTO O€ OXEON
ME TNV TAoN AEITOUpYiag OTTWG TTIONG KAl KAAN YPAWMIKOTATA OTNV POTTH 0 0XEON WE
TO pevpa. To dIdypaupa TG PEOTING O OXéon ME TNV TaAXUTNTA QAiVETAI OTO
TTaPAKATW TXAMA.
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SPEED CONTROL

The speed of a BDC motor is proportional to the voltage
applied to the motor. When using digital control, a
pulse-width modulated (PWM) signal is used to gener-
ate an average voltage. The motor winding acts as a
low pass fiter so a PWM waveform of sufficient
frequency will generate a stable current in the motor
winding. The relation between average voltage, the
supply voltage, and duty cycle is given by:

EQUATION 1:

VAVERAGE =D x VVSUPPLY

Speed and duty cycle are proportional to one another.
For example, if a BDC motor is rated to turn at 15000
RPM at 12V, the motor will (ideally) turn at 7500 RPM
when a 50% duty cycle waveform is applied across the
motor.

The frequency of the PWM waveform is an important
consideration. Too low a frequency will result in a noisy
motor at low speeds and sluggish response to changes
in duty cycle. Too high a frequency lessens the
efficiency of the system due to switching losses in the
switching devices. A good rule of thumb is to modulate
the input waveform at a frequency in the range of 4 kHz
to 20 kHz. This range is high enough that audible motor
noise is attenuated and the switching losses present in
the MOSFETs (or BJTs) are negligible. Generally, itis a
good idea to experiment with the PWM frequency for a
given motor to find a satisfactory frequency.

So how can a PIC microcontroller be used to generate
the PWM waveform required to control the speed of a
BDC motor? One way would be to toggle an output pin
by writing assembly or C cade dedicated to driving that
pin“). Another way is to select a PIC microcontroller
with a hardware PWM module. The modules available
from Microchip for this purpose are the CCP an ECCP
modules. Many of the PIC microcontrollers have CCP
and ECCP modules. Refer to the product selector
guide to find the devices having these features.



3.3 Motor feedback
3.3.1 Current sense

Low cost motor current measuring is implemented using a current sensing resistor
between the MOSFETs and ground (see Fig 4). The small voltage appearing across the
current sense resistor is filtered and amplified, before being fed to an ADC input of the
microcontroller. Current is always measured at its highest point, just before the end of the
PWM ‘on' time. This is accomplished by using an extra Timer match interrupt that starts
the AD conversion. The converted value represents the motor current.

In this application note measuring the motor current is used as a safety. In case the
motor is in a stalled position, the current will increase dramatically. Due to this
exceptional increase in current, the ADC values will reach a current limit level that will
cause the system to shut down, avoiding any damages (switch into ‘coast’ mode).

RPM measurement

Low cost sensorless motor rotation speed feedback is implemented by Back EMF
voltage measuring (see Fig 4). Back electromotive force (also called BEMF) is an
electromotive force that occurs in electric motors and generators where there is relative
mection between the rotor magnet of the motor and the external magnetic field In other
words, the motor acts like a generator as long as it rotates. The RPM is directly
proportional to the back EMF voltage.

Back EMF is measured with the modulated MOSFET switched off ('brake’ mode). In this
application note the BEMF measurement is used to determine whether or not the motor
has completely stopped, before for example the rotation direction is reversed. A voltage
divider is used to fit the back EMF voltage (max. 12 V) into the 0V to 3V3 range of the
LPC2101 ADC input.
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The goals for this laboratory experiment are:
s to fully characterize a small industrial 4 HP 48V Permanent Magnet DC (PMDC) Motor;
s to observe the load characteristics when the motor is supplied from a variable DC souce;
» o observe the load characteristics when the motor is supplied from a DC-DC converter
with variable duty-cycle.



