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Module 5

Lecture: Battery and voltage regulation



Battery and Voltage Regulation

You will learn in this module

= Power sources - Batteries ‘ ,.'jm ©.ricn UMMVVUMMUMNM RN o sa® :
« Voltage, V (volts) ‘ < {LafEXAs
fgiemeced INSTRUMENTS
« Current, | (amps) = = <
* Energy, E (joules) R: = -
. m . |
. < 5 THRSLK Chassis Board v1.0 @‘: |
= Voltage regulation (Constant Voltage) . -
« Purpose e
+ Types -
* Circuits : : 10 @ oo
T ad e S AN LN Sy
@ SURFACE ;_ ' e L
» Performance measurements (Lab) g : va _Olspley

* Monitoring Battery Voltage, Current, Storage
* Voltage regulation (DC voltmeter)

* Noise (AC voltmeter, oscilloscope) THRSLIS Gressls 9esre
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el Power and Energy

Sources of Power
= 120/220 VAC 50/60 Hz
* Needs an AC to DC converter
* Needs a voltage regulator
= DC power supply (+5V on USB, +12V used in automotive)
+ USB power used to power Tl‘'s Launchpad (5V)
= Battery
* Need to drive robot autonomously
* Provide power to Tl's Launchpad, motors, sensors
« \oltage, energy, size, weight
* Needs a regulator for constant voltage

= Energy harvesting like solar or EM field pickup

16 | Battery and Voltage Regulation

Power = V*| (watts)
Energy = V*I*time (Joules)

NiMH | + ¥
T Load
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%] Power Budget

Battery-powered embedded system
= Power Budget => Battery Life
Average Current < Energy Storagel/t;s,

= Save Power :
Reduce voltage, Sleep modes, Clock, CPU,

TI’'s Launchpad MSP432 Low Power MCU
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Energy = V*I*time (J)
Storage = [I*time (amp-hr)

ADC On

ADC Off
CPU On

Sleep Mode

Clock Off
Regulator Off

Supply Current

> Time

MSP432 : Supply current under different

modes of operation

Texas Instruments Robotics System Learning Kit::The Maze Edition
SEKPO085



ray
. «
-

k%] Batteries Inside a Battery

Types of batteries

= Primary (not re-usable) + + CathOde
* Heavy duty p— V
* Alkaline 7.2V requires T
* Lead-acid 6 batteries -
e Lithium

= Secondary (rechargeable)

« NiCad
e NiMH —
 Li-ion

* Supercap

Energy = V*I*time
Storage = I*time (amp-hr)

Texas Instruments Robotics System Learning Kit::The Maze Edition

18 | Battery and Voltage Regulation SEKPO085



@@ Batteries

— \/*[*ti
AA Sized Batteries Energy = V*I*time

Storage = I*time (amp-hr)

Battery Voltage (V) Energy Storage (Ah) Type

Alkaline 1.5 2 Primary

Lithium 1.5 3 Primary

NiCad 1.2 1.2 Secondary

NiMH 1.2 1.8 Secondary
Most energy

Li-ion 3.6 1.9 Secondary for the same size
battery

Running at a ¥2 amp, your robot will run for 3.6 hours

tie - Energy Storage/ |
=1.8/0.5 = 3.6 hr (NiMH)

Texas Instruments Robotics System Learning Kit::The Maze Edition
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%] Voltage regulation using a Linear Regulator

20

Properties

» Generates a constant output voltage V,, for varying, input voltage V,, & load |

= Dropout voltage, Vi, > Vou + Vbo
= |Inefficient (dissipating more Power), |
= Low noise

in = Iout

out

Resistive

Pass element

in
> 9
.'.
.'.
Vih, <

Band
Gap
Ref

out
7 >
.'.
uud
T~ Vout

Input Power — Output Power = 7.2V * 100 mA-5V * 100 mA = 0.22W of Power Loss !!!

| Battery and Voltage Regulation

Texas Instruments Robotics System Learning Kit::The Maze Edition
SEKPO085



Voltage regulation using a Linear Regulator

21

Example +5V regulator
Specifications:
Vi, > 7V (Vpo = 2V)
lout <1 amp

7805

Vin——]In  Out

__o— +5V

T
~

47 uF

Build this circuit if you do not
have the TI-RSLK MAX
chassis board from Pololu

WEBENCH?® is a free design tool from Texas Instruments you can use to design power supply circuits

(link to WEBENCH Power Designer)

| Battery and Voltage Regulation
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@@ Voltage Regulation using Switching regulators

Properties

» Buck: Step-down ( Vin > Vout)
= Boost: Step-up ( Vin < Vout)

= Buck-boost: either/both

= Noisy due to switching

Power In = Power Out

* ~ *
Vin Iin"’vout Iout

Efficiency = (Vy,* lou)/(Vin* 1)
Or Py !/ Pin

out

Buck

/ in
_l.
in ; T~ Vout

<+

To learn more about regulators go to ti.com/PMLK
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Boost
{in lout
Pty M
\_/in 9 7‘l<\_/out
Buck-Boost

out

lin
Yin /_l\ _out

i

Texas Instruments Robotics System Learning Kit::The Maze Edition
SEKPO085



Switching Regulator Circuit : An Example

b +5V
=/ 1% Feedback Voltage Accuracy /N
+ >90% efficiency +5V 5 5
111V 650 kHz Switching Frequency 2 - 1z 13
gl L =
BAT U2 TPS563200DDC GND
L1 3.3uH
8? VSN w2 A SVRE
5 6 ;
_Lem ) EN  VBST —CESLI1 100}:1 5 ’§ Warning :
e L g " 278 _|cour Pay careful attention
Sest VER Ta7ur not to connect the
DeansJ7 GND GND X Bx wire from output of
L b ] the regulator to
ground.!!

Switching Regulator schematic & PCB using Tl TPS563200 17-V
Input, 2- A Synchronous Step-Down Voltage Regulator

The TI-RSLK Chassis board uses a similar regulator

Texas Instruments Robotics System Learning Kit::The Maze Edition
B ry and Vol R | n
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Switching Regulator Circuit : An Example

= 3.3V, 5V, 12V, and Adjustable Output Versions
= Step-down (buck) switching regulator

» Available in TO-220 and TO-263 Packages

= Ensured 3A Output Load Current version.

= Requires Only 4 External Components TO-220-5 package
» 150 kHz Fixed Frequency Internal Oscillator
= High Efficiency

= Thermal Shutdown IC2
and Current Limit 02 VBAT v us3  38uH
. 1 A= , out +5V
Protection O : 5| ON/OFF ouT PE-54040NL
373 B80UF / e 14
3 GND C4

1=
These features provide J_— LM25965 A “T3300F
o i = D1 {SR503
circuit protection! GND GND

Build this circuit (or 7805) if you do not have the TI-RSLK chassis board

For more information on the power supply design go to http://www.ti.com/tool/Im2596s-adjevm

Texas Instruments Robotics System Learning Kit::The Maze Edition
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Switching regulator circuit board using TI’'s LM2596

25

= LM2596T-5.0
= All through-hole parts
»  Student-proof

Cin

Build this circuit if you do

not have the TI-RSLK
chassis board

| Battery and Voltage Regulation

Cout

LM2596T

Inductor

Texas Instruments Robotics System Learning Kit::The Maze Edition
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@@ Batteries and Voltage Regulation

Summary
= Power Sources - Battery
* Primary versus secondary
» Power budget and Energy Storage

» Voltage Regulation - Linear Regulator
« Low noise
+  Wasted power = (Vi,-Vou) *lout
» Dropout voltage, V,, > V ,+Vy4o

= \oltage Regulation - Switching Regulator
« Large voltage drop Power = V*|
 Voltage increase Energy = V*I*time
Energy Storage = I*time [
Power Budget:
Average Current < Energy Storage/t;;.

» Higher Efficiency

Texas Instruments Robotics System Learning Kit::The Maze Edition
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Module 5

Lecture: TI-RSLK chassis board
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[@%‘] TI-RSLK Chassis Board features

A VIZCF GNO

m

* Male-pinned connectors for the Tl LaunchPad

&

TI-RSLK Chassis Board v1.0

For evalvation only;
not FCC approved for resale

:
¥
]
»
»
"
3
»
»
»

3 (TiLinear |\
s |Regulator
TLVI17LY]

A\,

N CAUTION
@ svon “ALE
SURFACE

- Olspley wu

A 000000088 s
AF93 OLED|B B8 9 0 8 & LX)

TI-RSLK chassis board

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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TI-RSLK Chassis Board features

L SDA VIZF GND
X

oo 0] )

AUXL DISTL 5V GND  AUXC DISTC SV GND

nAARNANARANDN

em

wew.pololu.com

VUMV UNUUUNUN NN Engege ot |

“ Your Brain |

Technology by |

« Battery input section with on/off switch and
latching button

oo @ @ oA

o @ @ s
s
@:ne 0

TI-RSLK Chassis Board v1.0

For evaluation only;
not FCC approved for resale « L ] o0
TI Hall Effect
sonsor | @
DRVS013
romo:

TI-RSLK chassis board

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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[@%‘] TI-RSLK Chassis Board features

AUXL DISTL 5V GND
nnARnN

wew.pololu.com

VUMV UNUUUNUN NN Engege ot |

Your Brain |
' a_ Technology by

« TI5V Switching Regulator TPS568230
 TI3.3V Linear Regulator TLV1117
« TIOp Amp TLV9004

Qe 0@

TI-RSLK Chassis Board v1.0

For evalvation only;

«
-
e
@
«
[
K
s
|
©

HEdEEWEEEWY

EENEEEENVE

oK
GND|

Ifﬁiic?

Ti Op Amp)|
TLV9004
3 (Ti Linear | \

« Regulator
[TLVI147LY)

TI-RSLK chassis board

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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TI-RSLK Chassis Board features

e TI Motor Drivers DRV8838

| TI-RSLK chassis board

AUXL DISTL 5V GND
o0 ® nAANRN

mavicr s @y

www pololu.com
HUUUWVUNEBUUNUBLUEN Engage

o Your Brain

Technology by

TexAs
INSTRUMENTS

PWMR

oo @ @ oA

i9;
L
o000
FE 8
®

TI-RSLK Chassis Board v1.0

For evalvation only; GND
not FCC approved for resale

et
Sensor | @
DRVS013

Pass
Filters

®1818 vsw @ PG i |
@@ GND @ sHon CAUTION : @@®®® . |GND5VINOUT
! GND

Lo
RIV3 VIZCB 5V

TI-RSLK chassis board
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@@] TI-RSLK Chassis Board features

« Male-pinned connectors for the Tl LaunchPad

-« Battery input section with on/off switch and g et 1
. ENngage Your Brain
latching button o Nout lLa
« TI5V Switching Regulator TPS568230 S8 <0

« TI3.3V Linear Regulator TLV1117

« TI1Op Amp TLV9004

« Tl Motor Drivers DRV8838

 TI Hall Effect Sensors on the Motors
themselves, DRV5013

Gearmotor and Encoder

Assembly for Romi/TI-RSLK
MAX robot kit

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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Power to sensor

eoee|
AUXL DISTL 5V GND
nnAnN

wvew.pololu.com

PddUPUERBUNLEUEEN

Q‘ Texas
INSTRUMENTS

Engage
Your Brain

S0 @ @ ¥a8

TI-RSLK Chassis Board v1.0

.’Qa-nn-q

>
¥
2
»
»
»
3
»
»
»

For evaluation only;
not FCC approved for resale ED«

= Important safety

~a

@ @
TLveoos™Jy ¥4y ¥y 1
: feature

vs
on

@ sHon CAUTION : ee e .|cNosvmour
HOT —

SURFACE g1 GND
[ ] -] q ®

Amp D

2
a
2 [fsesses s -
= [ B
@ AF38 DO BSOS SSS

AFOB OLED|S B 90008 S

TI-RSLK chassis board
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@@] TI-RSLK Chassis Board features — Power and Gnd

p'.m ; e '

LEDi® oo s - =§

— .| XDS11@-ET Rev 1.1
JHX ¥ - - : e 1
LED1@2 Ji.‘" -

Important safety
feature

MSP432 LaunchPad

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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15e] Switching Regulator Circuit : TI-RSLK MAX chassis board

cis
VSW=+7.2V U4 TPS568230 0.1uF 5V
-g VIN BST 85T
|—4 VIN 6 REG L1 0630
VIN sw 24
—rY sw 22
T REGEN 12 TP3 R26
1206 REGEN 12 | e\
14 FB 220k
10 uF vee 17 FB |4 FB c23
. Yo 0 =—0503
NC/GND 0.1 uF
MODE 15.] mope NC/GND 2
c29 7
0603=—= = ss 1 GND =5
- 300k — 5SS 11 gg GND |
0.1 uF GND 18 & =
PGOOD 9 | neoon D [ 21 TP4
R28
® 13 30 1k
caal . Roog TPI ::ﬁge’ AGND :
TuF T 412k

Warning :
Pay careful attention

not to connect the TI-RSLK chassis board uses a Tl

TPS568230 4.5to 18-V input, 5V 8-A
output, synchronous step-down
voltage regulator

wire from output of
the regulator to
ground.!!

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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15e] Linear regulator circuit: TI-RSLK MAX chassis board

5v
‘ ”
C35_1_
1uF 7T D8 D9
MicroSMP ! ! SOD323
0| 3v3
— U 1117 (S0T223)
'S IN ouT o <
(=] 4 |
C38 =z OUuUT
0805—=— C39 — ° C36== C37==
10 uF 0.1 uF 3 1 uF 10 uF
 SE— —

Warning :
Pay careful attention

not to connect the TI-RSLK chassis board uses a Tl

TLV1117 4.7 to 15-V input, 3.3V 800 mA

wire from output of _
output, linear regulator

the regulator to
ground.!!

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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@@] TI-RSLK MAX overview

@  Six bump switches

CC2650/CC3100 _
BoosterPack

|

MsP432 MM Chassis 4=
LaunchPad board

m)  LCD or OLED display

Two tachometer

- Three IR distance sensors

Microphone sound

Two DC motors

6 NiIMH batteries R

- Speaker output

TI-RSLK MAX kit Optional purchase

Texas Instruments Robotics System Learnin g Kit: The Maze Edition :
TI-RSLK ch r
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TI-RSLK Chassis Board

Summary
L] POWGI’ v./.G»nOGF:D i UMV ,",:,‘:::a = !
* Battery sesmssie JU T
fgiCWecoe INSTRUMENTS

« +5V and +3.3V regulators
= |nterfaces
e« 2 DC motor drivers

TI-RSLK Chassis Board v1.0
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2 tachometer interfaces

£
o
2|
x|

« 3 analog log pass filters

* Extra analog op amp G 7 o
@ e @

’ I2C ConneCtorS | ! :.:' ®1010 vsw .v:c_f&‘ 2 :‘ - A3 ' ..‘F:':"‘
« LCD/LED connectors oo lg

= Systems approach to robotics
* Power and interface board

e MSP432 LaunchPad and software |mportan’[ Safety

 BoosterPacks for wireless communication feature

Texas Instruments Robotics System Learning Kit: The Maze Edition:
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