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ABSTRACT

This thesis presents a control circuit for constant-speed drive of dc motors. Nowadays,
electric DC motors are still widely vsed for driving loads in industries because they provide high
starting torque and are more suitable for speed variation, compared with AC motors. In industries,
DC motors are often required to run at constant rolational speed in manufacturing processes so that
the products would not be damaged. This project is therefore aimed at developing a control circuit
for constant-speed drive regarding load variations. Hereby, a small motor was chosen for testing in

order to reduce the complexity of control circuilry.
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TLAY4

INSTRUMENTS PULSE-WIDTH-MODULATION CONTROL CIRCUITS

wvav_ll.com 5] VSO74E —JANUARY 1983 -RFEVISED FEBRUARY 2005
FEATURES

Complete PWM Power-Control Circuitry
Uncommitted Outputs for 200-mA Sink or
Source Current

Output Controt Selects Single-Ended or
Push-Pull Operation

Internal Circuitry Prohibits Double Pulse at
Either Output

Variable Dead Time Provides Control Over
Total Range

D, DB, N, NS, OR PW PACKAGE
{TOP VIEW]}

1IN+ {4

1IN-[] 2
FEEDBACK [| 3
oTC |4
cTl]5

RT[]6
GND[{7
cifye

¢ [nternal Regulator Provides a Stable 5-V
Reference Supply With 6% Tolerance

+ Circuit Archltecture Allows Easy
Synchronlzallon

DESCRIPTION

The TL494 incorporates all the funclions reguired in the construction of a pulse-widlh-modulation (PWM) control
circuit on a single chip. Designed primanily for power-supply conlrol, this device oflers (he Rexbility to tailor the
power-supply conlro! circuilry to a specific application.

The T1484 contains hwo ermor amplifiers, an on-chip adjustable oscillalor, a dead-Ume control (DTC) comparalor,
a pulse-steering control flip-flop, a 5-V, 5%-precision regulalor, and outpul-conirel circuils.

The emor amplifiers exhibil a common-mode voltage range from —0.3 V o Ve — 2 V. The dead-lime control
comparator has a fixed offsel that provides approximately 5% dead lime. The on-chip oscillalor can be bypassed
by lerminating RT to the relerence oulput and providing a sawtoolh inpul to CT, or 1l can drive the common
dircuits in synchronous mulliple-rail power supplies.

The uncommilted oulpul lransistors provide either common-emitter or emiller-follower cuiput capability. The
TLAM provides (or push-pull or single-ended oulpul operalion, which can be selecled lhrough the output-conlrol
funclion. The architecture of this device prohibits lhe possibility of eilher oulput being puised twice durning
push-pull operation.

The TLA94C 1s characlerized for operation from 0°C 1o 70°C The TL494t is characlerized for operation from
—40°C lo 85°C.

AVAILABLE OPTIONS
PACHAGED DEVICES!!
T SHRINK SMALL THIN SHRINK
A SMALL (S)UTLINE PLAS(LI)C DiP SMAI.I(.N OSIIJTIJHE OUTLINE SMALL OUTLINE
{0B) (PW)
FClo70°C TLASICD TLAS4CH TL4SHCNS TL44CDB TLAMCPW
—40°Clo 85°C TLAMID TLAY4IN — — —

(1) The D, DB, NS, and PW packages are avalable taped and reeled. Add the suffix R lo device type (e.g.. TLA4CDR).

A

Please be aware that an imporiant notice conceming avasability, standard
Instruments semiconducior products and disclaimers therelo appears ai the end

, and use in critical applications of Texas
this data sheel

PRODUCTION DATA i

”nmerﬁNnms

necaysafy ncuds teslrg of al parareters

Products.
bratnsronts slamdad

Copyrighl ® 19832005, Texas Insiruments lncorparaled
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TLA94 ¥ Texas
PULSE-WIDTH-MODULATION CONTROL CIRCUITS INSTRUMENTS

SLYS0TAEJIAHUARY 1383 _REVISED FEBRUMRY X005

FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
Vi =GND Single-ended or parallsl otdput
V=V Nomnal push-pull operation
FUNCTIONAL BLOCK DIAGRAM
OUTPUTCTRL
{see Funclion Table}
[ 13
RT
S s— ] I @
Dead-Time Control L
" 0.1V 4 Compaorator 9 Ef
V) [+ —(|— - C1
~ 05k WM az i
Exror Amplifier 1 Comparator ’—<D_ Cc2
T T SO I Pulse-Sleering
Flip-Flop
Error Amplifier 2 12 v
zm.m— I cc
15 [
M- §_ Reference 14
Regulator REF
—(]» LAy
3
FEEDBACK 0.7 mA
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K Texas TLAY4
INSTRUMENTS PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVSOT4E JANUARY 1983 _REVISED FEBRUARY 2005

Absolute Maxlmum Ratings '™
over operaling free-alr lemperalure range {unless olherwise noted)

MIN MAX| UNIT
Ve Supply voltagef®) 41 v
Vi Ampliher input voltage Vee +03 \
Vo Colleclor outpul voftage 41 v
fo Colleclor owput cument 250( mA
D package 13
DB package 82
Oy Package thermal impedancet3}i4) N package 67| °CW
NS padage 64
PW package 108
Lead temperatre 1,6 mm (1716 inch) from case for 10 seconds 260 °C
Tsig Slorage lemperature range 55 150 C
Q)] Strusesbeymdﬂmellsledunder “absolule maximum ratings” may cause permanent damage to Lhe device. These are siress ratings
only, and functional of the device al these or any conditions beyond those indicated under recommended operating
condiions” is nol m\ﬂ red. Exposwie lo absolule-maxmem-raled conditions for exlended periods may aifecl device reliabilty.
(2 Alvdtagesarammlespedlolhelﬂmrk lerminal,
(3) Maxdmum pover dhsipabon is a function of Ty{nmax), 9,4, and T,. The naxmum allowable power E.tallonataﬂyaluwabhambml
lem:verameusPD (T {max) — TAWM Operaling al I#eMllennmlmT_,oHSﬂ"Cm‘laﬂedl
(4) The package thermal mpedanes is calcudaled in accordance with JESD 51-7.
Recommended Operating Conditlons
MIN MAX! UHNIT
Vee Supply vollage 7 40 v
v Ampifier input vollage -03 Voo -2 v
Vo Colleclor outpul vollage 40 v
Cofleclor outpud euarent {each transislor) N0 mA
Curent inlo feedback lerminal 03 mA
Igsc Osallator frequency ! 30| kHz
Cr Tming capacitor 047 10000] nF
Rr Timing resistor 18 5001 ka2
q . TL4%4C 1] 70
Ta Operating [ree-air temperahms LA a0 8 “C
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TL494 R Texas
PULSE-WIDTH-MODULATION CONTROL CIRCUITS INSTRUMENTS

www.ll-com
SLVSOTAE - JANUARY 1883 _RFVISED FEBRUARY 2005

Electrical Characterlstics
over recommended operaling free-air temperature range, Ve = 15 V, 1 = 10 kHz (unless otherwise noted)

Reference Seclion

TLA94C, TLA94I

PARAMETER TEST CONDITIONS(™ N TYPE MAX UNIT
Outpul voliage (REF) Lh=1mA 475 5 &5 v
Inpd reguiation Vee=7Vio 40V 2 5 myv
Outpud reguiabon lo = I mAto tDmA 1 15 mY
Dutpid vallage change vath lemperatue AT, = MIN lo MAX 2 10| mviy
Short-circuil outpid curent® REF=0V 25 mA
1) For conditions shown as MIN or MAX, use the appropriate vale specified under recommended operating concditions.

All fypical values, excepl for er changes with tamperature, are at T, = 26°C.

3) Duralion of short circuil not exceed one second.

Osclllator Sectlon
C; = 001 pF, Ry = 12 k3 (see Figure 1)

PARAMETER TEST CONDITIONS (% TLAC, TL44) UNIT
MiH TYP@®  MAX
Fregueincy 10 kHz
Standard deviation of frequency’? A vahees of Ve, Cr, Ry, and T, constant 100 HzfkHz
Frequency change with voltage Vec =TVIo 40V, T, =25°C ] Hz/kHz
Frequency change with temperature ) ATs = MM lo MAX 10| HakHz

1 meﬁmmMINaMmﬂmwwnakmspeaﬁeduﬂﬂmmmﬂedmabngwﬂm,

Allfyplcalmhm,exoepﬂorpaameterdiangﬁ lemperature, are al Ty = 25°C.
deviabon is a measwe of the stalisfical distribulion about the mean as derived from the formuda:

{4} Temperatwe coeficient of timing capacitor and tming resistod are nof taken into acoount

Error-Ampllfler Sectlon

See Figure 2
TLASAC, TL4941
PARAMETER TEST CONDITIONS . Ui
MIN TYPI"  MAX il

Input offsel vollage Vo (FEEDBACK) = 26V 2 i} v
Input offsel current Vo (FEEDBACK) = 26V 25 200 A
Input bias current Vo (FEEDBACK) = 25V 02 1f A
Comman-mode input voltage range Vee =TV 040V ‘;0413_«2; v
Open-ioop vollage amphficabion Vo =3V, Vp=056Vo35V,R =2k 70 9% dB
Unity-gain bandwidih Vo=05VIc35V,R =2k2 00 XHz
Common-mode rejection ratio AV = dDV, Ty = 25°C 65 80 dB
Outpul sink curren (F EEDBACK) Vip=—15mV o5V, V (FEEDBACK)=0.7 ¥ 03 orf mA
Output sowrce currend [FEEDBACK) Vo= 15mVio bV, V (FEEDBACK) =35V -2 mA

{1) Al typical values, excepl lor parameler changes wilh temperatwre, are at Ty = 25°C.
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A Texas TL494
INSTRUMENTS PULSE-WIDTH-MODULATION CONTROL CIRCUITS

wvve_ll.com
SLYSD7AE_JANUARY 1983 _REVISED FEBRUARY 2005

Electrical Characteristics
over recommended operaling free-air temperalure range, V¢ = 15 V, 1 = 10 kHz {unless olherwise noled)

Output Section

PARAMETER TEST CONDITIONS MIN  TYPO) MAX| UNIT
Collecior off-stale cumeni Vee=40Y, Vo =40V 2 100 pA
Emitter off-stata cunrent Vee =V =40V, Ve =0 -100| wpA
Colector-omitier saluration voltage Common emitler Ve=0,lc=200mA 11 1.3 v
Envitler follower Vot arczy= 18V, | =—200 mA 15 25
Ouipul coniro! input cument V)=Vt 35] mA

(1) AN typical values, except for temperatie coefficient, are at T, = 25°C.

Dead-Time Contro! Sectlon

See Figure 1
PARAWETER TEST CONDITIONS MIN TYPII  MAX| UNIT
Inpud bizs current (DEAD-TIME CTRL) V,=010525V 2 0] wA
Maximum duly cyde, each outp E'r (O PaIGE CTIR) e " 45 %
Zero duty cycle 3 33
Ingu Uveshold vohtage (DEAD-TIME CTRL v
P { ) [ Waximm duty e 0

(%) Al typical values, excepl for lemperature coefficent, are at Ty = 25°C.

PWM Comparator Section

See Figure 1
PARAMETER TEST CONDITIONS MIN TYPIM MAX| UNIT
Input threshold vottage (FEEDBACK) Zero duly cyle 4 45 \d
Inpudt sink conendt (FEEDBACK) V(FEEDBACK)=07V 03 07 mA

(1} Alltypicat values, excepl for lemperatwe coeflicent, are al T, = 25°C.

Total Device

PARAMETER TEST CONDITIONS MIN TYPIY MAX{ UNIT

Ry = Vi, Vec=15Y 6 10
Standby supply current Al other inputs and oulputs open Vee =40V 9 15 mA
Average supply current V, (DEAD-TIME CTRL) = 2V, See Figure 1 75 mA

{1) Al typical values, except for temperature coefficient, are at Ty = 25°C.

Switching Characteristics

T, =25°C
PARAMETER TEST CONDITIONS MIN TYPIH  mMAX] UNIT
Risa ime: N son. See Fi 3 100 200 ns
Fall time conliguraon, See Figure 25 W) s
Rise time ; . 100 200 ns
Fall e Envtter-Tollower configuration, Sea Ngure 4 a0 100 s

(1) Al typical valies, except for temperathure coefficient, are al Ty = 25°C.
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intersil IRF510

Dala Sheeot November 19893 File Number 1573.4

5.6A, 100V, 0.540 Ohm, N-Channel Power Features

MOSFET . 5.6, 100V

This N-Cha‘mel .emamement made sificon gate pm?er held - TDS(ON)= 0.5400

effect transistor is an advanced power MOSFET designed,

tested, and guaranteed lo withstand a specified leved of = Single Pulse Avalanche Energy Rated
energy in the breakdown avalanche mode of operation. All of « SOA s Power Dissipation Limited

these power MOSFETs are designed for applications such

as swilching regulators, swilching convertors, mofor drivers, - Nanosecond Swiching Speeds

relay drivers, and drivers for high power bipolar switching « Lirnear Transfer Characterislics
transistors requiring high speed and low gate drive power. o
These types can be operaled direclly from integraled High Input Impedance
direuils. » Relaled Literature
- TBA34 “Guidek for Soldering Surface Moun
Formerly developmental lype TA17441. G 1o e b 2 !
i Ordering Information Symbol

PAHT NUMBER PACKAGE BRAND [}

IRF510 TO-220A8 IRFS10

NOTE: When ordering, include the enlire part number.

T8
»

Packaging
JEDEC TO-220A8

4DURCE

1 CAUTION; Treae devies are 1enithe fo cleckpatalic dicharpe; olloa proger EGD Hanalrg Procedures,
1-538-INTERBIL or 321-724-7143 | Copyight © Interst Corporadion 1599
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IRF510
Absolute Maximum Ratings Tg =25°C, Unless Othervise Specifiad
IRF510 UNITS
Dambo SourceMeltage (Mole 1), ... .. ... 100 v
Drain bo Gale oitage (Rgs = 20k0) (Nole 1) 100 v
Continous DramCument .. .....oovvivivvnnnenns 58 A
Te=100PC . 4 A
Pulsed Drain Cument(Note 3) ... __...........us, 20 A
Galz o Soume Voltage .. ... . ..iiiiaiiiin i e 120 v
Mandmum Power Disspation ... . ..o i ciciiiieiia e, 43 w
Linear Derabng Factor .. .. ... ... .. ....o.oo.o.. 0.2 woC
Singhe Pulse faatanche Bnergy Raling {Nole 4) i ml
Operating and Storage Temperature Range . .. ... ...t virvvrioinranerasnannrannns . -B5(o 175 %
Haimum Termpesature for Soldering
Leads at 0.083n (1.8mm)fromCasedor10s. ... . ... iiiiiiieeaeas T 00 oC
Package Body for 105, See Techbief 339 . __ .. . . i Texg 280 o
CAUTIDN: Skesces abty= thore ISled b "Absatde I Rafings™ may cavee d (o Dk gavica. Triy I3 & she3s oaly rading ang operation of the
geyice of thage or any oihar CondBoa s sbove Nhase hdicated b the operaBonsl seclioas of fils seeciltca¥oa M nof imeded.
HOTE:
1. Ty =25°C to 150°%C.
Elecirical Specifications  Tg = 25°G, Unless Othernvise Specified
PARAMETER SYMBOL TEST CONDITIONS HIN | TYP | MAX | UNITS
Dvan io Source Breakdown Vollage BVpgs |V =0V, ip = X50nA, (Figure 10) 100 - - v
Gale 1o Threshold Voltage Vosmn | Vies =Vos. Ip = 250pA 20 - 40 v
Z2ero-Gale Votage Drain Curent lpgs |Vops =95V, Veg =0V - - 25 pA
Vpg = 0.8 x Rabed BVpgs, Vgg =0V, T; = 180°G - - 250 WA
Oer-Siake Drain Curmend (Node 2) Ivony | Vs > lngosn x osionpanx. Vas = 10V (Figure 7) 58 - - A
Gale lo Source Leakage Currenl lgss  |Vgs =120V . - oo | na
Cyah io Source On Resslance (Note 2) | ipsyoey [Vies =1 p =34A (Figures B, 9) - 04 | 054 o
Forvard Transconductance (Note 2) s Vg = 50V, ip = 34A (Figwe 12) 1.3 20 - 5
Tuen-On Celay Time lyoen | lp ~5.6A, Rgg = 240, Vipp = 50V, R = fn, - 8 12 ns
Rise Tme = Vpn =5V, Vg = 10V . - 5| 6 ns
MOSFET swilching times are essentially independent
Turn-Off Delay Time tiorr) of eperating temperatye - 15 7 s
Fall Time '} - 12 i) s
Tolal Gale Charge Qurony | Vias = 1OV, Ip = 5.8A, Vips = 0.8 x Rated BVpgr. - 50 0 nG
(Gate to Source + Gate to Drain) 'G(REQ:‘15'M {Figure 14)
Gate lo Souce Charge Qg Gale charge s essentially independent of cperaling - 20 _ nC
Gale lo Drain "Miller” Charge Qga - 30 - nG
Ingnal Capacitance Cisg | Ves =0V, Vpg = 20V, { = 1.0MHz (Figure 11) - 135 - pF
Quiprat Caparitance [0 - €0 - pF
Reverse-Transfer Capanitance Cran - 20 - pF
Internal Drain Inductance Lp NMeaswred From the Nodified MOSFET - 35 - nH
Conlact Screvs On Tab To | Symbol Showing the
Center of Dia
Measwed From the Drain - 45 - nH
Eead, Bmm {025n0) From
Package to Center of Die
Intemna Scurce Induclance Ls Measured From Tha - 15 - nH
Source Lead, Gmm
{0.25n) From Header o
Source Bonding Pad
Junciion bo Case Raxc - - as | %o
Junchian to Ambient Ryja, | Free air operation - - 4] cw

2 intarcil
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Philips Semlconductors Product data
LM124/224/3241324A/

Low power quad op amps SA534/LM2902

DESCRIPTION PIN CONFIGURATION

The LM1247SAS341 M2902 series consists of four independent,

high-gain, intemally frequency-comp ted operabonal amplifiers D, DH, and N Packages

designed specifically to operate from a single power supply over a ——_

wide range of vollages. UTPUT A E 1] ouTPuT4

UNIQUE FEATURES T E% é B]-seurs

In the Enear modea, the nput commoi-mode voltage range mNcudes um'iE Elm?u‘u

ground and the ouiput voltage can also swing to ground, even
though operated from only 3 single power supply voliage. v [4]

The unity gain crossover frequency and the inpul bias curreny are FHPUT 2 E El"""-’”
temperahae-rompensaled.
HHPUT2 | & % :E—NPUI3

n | oyNo

FEATURES ourpurz | 7 3 OUTPUT 3
® Inlevnally frequency-compensated for unity gain E——
# Large DC voftage gair 100 dD SLoooes

® Wids bandhwidth (unéty gain: 1 MHz {3 - ted) Figure 1. Pin configuration.

® Wide pavwer supply range Sinole supply 3 Ve 10 30 Vi or dual
suppbes: £1.5 Ve lo+15 Ve

® Very low supply oument drain: essentially mdependent of supply
vollage (1 mWop amp al 35 Vi)

@ | ow inpul biasing current 45 nApc {lenperakre-compensaled)
* Lowinpul offset voltage: 2 mVip, and offsel current: 5 Ao

® Dillergntial inpul vollage range exual 1o the power supply voltage
*® Large outpil vahiage: Vp; 10 Veo—-1.5 Ve swing

ORDERING INFORMATION

DESCRIPTIGN TEMPERATURE RANGE ORDER CODE DWG
14-Pin Prastic Dual In-Line Package (Di) 55 Clot125°C LM1Z24N SOTZ-1
14-in Plastic Small Outkne {50) Package 25°Clo +85°C 1M224D SOTIDBA
14-Pin Plastic Thual In-Line Package (DIP) —25°C l0 +85 °C EMZ24N S0TZI-1
14-9in Plastic Small Outime (S0) Package 0°Clo+70°C LM3244D SOTI08-1
14-Pin Plaskic Dual In-Line Package (OIP) 0°Clo+70°C LM324AN SOT27-1
14-Pin Plastic 5mall Ouline (S0) Package 0°Clo +70°C LM324D SOTI06-1
14-Pn Plastic Thin Shrink Small Oulline Package {1550P) U°Clo +/0°C LM224DH SOT4021
14-Pin Ptastic Dual In-Line Package {DIF) 0°Clo +/0°C LP324N SOT27-1
14-Pin Plastic Small Ciline (50) Package A0 -Clo +85°C SAS3D SOT108-1
14-Pin Plaslic Dual In Line Package (DIF) “AGC lo 485 °C SALMN SOT27-1
14-Pin Pastic Small Outine (SO) Package 40°Clo +125°C LM29020 SOTI08
14-Pin Phastic Thin Shiink Small Outline Package (TSSOP) —40°Clo+126°C LMZ902DH SOTA02-1
14-Pin Plastic Dual In-Line Package (IHF) AD"Clo+126C LM2902N SDT27-1

2003 Sep 19 2



" Phiips Semiconduciors Produd dala
> Low power quad op amps LM124/2241324/324A1
SAS534/L M2902
DC ELECTRICAL CHARACTERISTICS
Veg =5 V: Tams =25 °C, unless otherwise specified.
SYMBOL TESTC s LMi241 224 LM2usassan s T
Min | Typ Max Min | Typ Max
Rs=0n 2 5 2 *7
(M ']
Vos voltage R = (1), prer teamp. + +0 mv
AVips/AT | Temperature drift Rs = 0 1, over temp. 7 7 nvic
ha{t)or ) 5 150 45 250
lauss Inpr cLarené lre{) OF bp(), over temp. 40 300 40 500 nA
SlgpasfAT | Temperature drift Qwer lemp. 50 &0 pAFC
[T +3 +30 15 +50
ks Offset cument [Ty N A —r— 100 prem
AlysfAY | Temperatwo dofl Over femp. 10 10 pAC
v Common-mode voltage VGG <30V 0 Vo156 D Vcc—'l.‘j v
cul ranga? Ve < 30 V. ovef lemp. 0 Vg2 | O Vo2
cmpR | Common-moda reection Vig=30V 70 | a5 & | 70 B
£ = =
Vour | Oulput voltage swing R Y;f,p 30, % ” v
Von | Output voltage high Res ":""f;:;f‘;_:w“ 7| = 2 | 2 v
Yoo Oulput valtage fow R < 10 %1, over lemgp. ] 20 5 20 my
Ry = co. Ve =30V over temp. 15 3 15 3
o [Peiyqurent Re = = over lor. o7 | 2 o |12 | ™
Ve = 15 V {for barge Vi, swing),
_ o e 50 | 100 2 | 1o v
Aou  |Lamesignalvdtage gan o e Vo S ), .
Ry = 2k (X, over temp.
ot ki i g ~120 2 dB
PSRR Power supply rejection rabio Ry<0n 65 100 65 100 B8
Vart =+1V.Vp—=0V,
t Veos 15 20 | 40 | 40
Vot =41V, V=0V 0 20 1
Vee =15V, over lemp. _
oyt “"_z\LL\i—":? ‘:=ov, 0| 2 1| xn
Culpd curent sink ‘(,"';: :;‘V,:;:;?‘:' s | s 5 | s
e | v Ak 2
Isc Short-creal aurrentt 10 | 40 &0 0| 40 0 mA,
J GEW Uity gain bardwidih 1 1 Mz
SR Slew rals 03 03 Vius
Viowse | Input aise voltage 1=1kiz 40 40 nViHz
Yo+ Diflerential inped vollage® Vee Vg v

2003 Sep 19
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Phiips Semiconductors Product data
Low power quad op amps LM124/224/324/324A/
SA534/L.M2902
DC ELECTRICAL CHARACTERISTICS (Comll‘lut—?d)
Vee =5V Ty = 26 °C unless otherwise specified
LM324A
SYMBOL PARAMETER TEST CONDITONS UMY
Min Typ Max
v \ Rg=001 £2 i3 v
o3 < Rg = {0, over lamp. 5 m
AVos/aT Temperature daft Rs =1, aver lemp. 7 0 pRG
Ipd#) o lod-) 45 100
2
feuns e crmtent Lal¥) O bpel ). crver temp. 0 0 A
Agpg/AT | Temperatwre dift Over temp. 50 pAFG
o ¥ Il ) 15 £30
los Oftset e ¥ Himel-), over lemp. 75 A
Algs /AT Temperature dofl Oved temp. 10 300 paAFC
Vocx 0V 0 Ve 15 v
Veu ? g Vee S M V. over lemp. 0 Vee2 v
CHIRR Common-modde rejettion ratio Vec =30V 65 85 .
Vour Cuipul voltage swing Ry =2k, Vg = 30V, over lemp. 26 v
You Cutpul volige Tegh By < 10X} Vo = 30V, over lemp. pr 28 v
R < 0%
Yoo Culpu voltage fow ceer lenp. 5 20 mY
1 =<, Vg = IV, over lamp, 15 3 mA
e Sy R,_= «, oves lemp. 07 12 mA
Vo = 15 V (lor large Vo owing), Ruz 250 | 25 100 Vimy
Ay Large-signal voltage gain Ve = 15 V {for farge Vo swing), Ry 2 2k 0, V5 Vi
mY
erief lemp.
1=1kHzlo 20 kitz
Arpliier-do-amghfier couping® M";eﬂed - 120 )
SRR Powes supply rejection ratic R 500 &5 100 a8
Vit = +1Y, Vg = 0V, Vg = 15V Fo) 40 mA
Oulpd arend source Vot =t IV, V=0V, V= 15V, 0 20 mA
orver lemp.
lour Vor = +1V, Vgt =0V Vo = 15V 10 20 mA
\ Vg = t1V, Vgyt =0V, Vo = 15 Y,
Cudput curTen sink oflerp, 5 8 mA
Vigg—= +1V, Vigt =0V, Vo = 00V 2 50 ph
[ Shorl-cront current! 18 a0 &0 ™A
Vorr Differeniial nput vollage® Veo v
Gaw Unity gramn bandwidth 1 MHz
s8R Slew rate 03 Vius
Vioise InpUlnotss voliaga =1 kHz 40 nVHHZ
MOTES:
§. Vo=14AVpe, Rg= UQMﬂchckUnSVIOSDVandwf\llmdmmodamngelOleIoV.;c—l 5V).
2 mmdmmmsmdmmdgmmw-wm This cuarend & essentially constand, independent of the slate of
the ouipdl 5o o nﬁednangeenslsmlheml
3. The inpad common- vollage of either signal voltage should nol be allowed 10 9o negative by mora than 1.3 V. Tha upper end of
the common-mode voltage range is Vg -1 hltevllnrorbdhmnsmgnloﬂzvmdamge
4 Sluluuﬂsﬁmmmhv mmumhﬂgaﬂe»uﬁddﬂudnl"nmuﬁwﬂmﬂnamnmmﬁy
40 nA independent of mag-nu?advcc Alvahues of supply vollage in excess of +15 Vipe, continuous sheit-circuits ¢an exceed lhe
dissipation ratings and eause evenlual destruction. sq:ahmmrm:l%nmﬁmslwﬂsmalawﬁers

perver
5. Due lo proxamity of exiemal components, insure that coupling is not originating via stray capacitance between these entemal paris. This
typicalty can be delecled as this type of coupling increases al highes frequenaes.

2003 Sep 19
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Phiips Semiconduclors Product daa
LM124/224/3241324A/
Low power quad op amps SA534/LM2902

EQUIVALENT CIRCUIT

3

L JM

Qo7

a2z 03
41 [+2)
MPUTS — = an
to
LKI

5aph

1
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Figure 2. Equivalent clrcuit.
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24 Volt Motor's

Year 1985/86 | 1987 1928 1989-92 1994 1695-97 1998 1999
Manufacturer TRW/ HP/ HPY HP/ HY/ HP/
Plymouth | Canon | Globe Buhler Buhler Mabuchi Mabucly | Mabuchs
Type Rubber | DC/PM | DC/PM DC/PM DC/PM bC/PM DC/PM DC/PM
Band Brush | Brush Brush Brush Brushk Brmsh Brush
Medel Number #33 CN22 | 403A6 | 3140-0812/ | 1645-60170/ | C2162-60006/ | RS-55535B | RS-383SH
1.13.041.006 | 1.13.043.230 | DN505728 -19160 -16120
Rating [volis] 24 24 19.1 191 19.0 15.0 24.0
Test [volis] 24 24 19.1 19.1 24.0 24.0 240
Stall Cument [amps] 1.5 126 20 25 16 252
Stall Torque {N-cm) 0.28 5.65 486 124 287 9.4 4.75
Stall Torque [in-oz] 040 8.00 6.88 26.1 40.6 133 6.7
No Load Speed frpm] 3,000 } 2,750 4,550 1.950 4,550 3,540 11,000
No Load Speed | [rad/sec] 314 288 476 204 476 37 1,152
Max. Power [Watis] 022 4.07 5719 2.4 342 8.72 13.7
Max. Power | [milli-hp] 029 546 7.76 126 458 1.7 182
Duration [sec} 150 300 300 300 300 300 30.0
Enerpy [Joutes] 20,0 33 122 173 282 1,026 262 411
Weight [grams] 05 47.2 240 172 417 224 220 70
Weight {oz]) 0.018 1.7 85 6.0 14.72 7.9 7.76 2417
PowedWeight | [Watts'kg} 4.66 17.0 337 225 153 396 1957
Enerpy/Weight | [Jouleskg] | 40,000 69.9 509 1.006 676 4,580 1.191 387




24 Volt Motors, Conftinued

Year 198292 1994 1995-97 1998 1959
Manufacturer HP/ HE/ HP/ HP/ HFP/
Buhler Buhler Mabuchi Mabuchi | Mabuchi
Type DC/PM DC/PM DC/PM DCPM DC/PM
Brush Brush Brush Brush Brush
Model Number 31400812/ | 1643-60170/ | C2162-60006/ | RS-5555B | R5-3855H
1.13.041.006 | 1.13.043.230 | DN505728 -19160 -16120
No Load Curmrent [Amps} 0.04 0.07 0.15 0.10 0.085
Stari Up Voltage [Volis) | P 15 20 30 1.5
Resistance [Ohms] 152 96 B2 11.6 6.3
ElecL.Time Const [msec] 05 12 09
Mech. Tinme Const [msec] 14.0 71 160
Motor Constant | [N-cov/ /W att] 12 3.0 18 1.78 0.75
Torque Constant [MN-cm/Amp] 487 93 4.8 6.08 1.9
Voltage Constant [V/Krmpm] 51 0.1 6.4 20
Inentia [g-em?] 16.0 G1.8 45.0 50 80
Shaft Diameter {oun] 30 396 31 332 23
Shaft Diameter [in] 0.118 0.156 0123 0.131 0.091
Shaft Lengith [oim] 850 850 13.8
Motor Diameter [rmm] 300 40.0 370 37.5 217
Motor Length [mm] 56.5 710 64.0 66.0 57.0




12 Volt Motors
Year 19949598 | 1994-99
Manufacturer GMATT | GMIIT
Cluich | No Clutch
Type DC/PM DC/PM
Brush Brush
Model Number
Rating [volts] 12 12
Stal Cusrent [amps]
Stall Torque [N-cm] 1.196 1.227
Stall Torque [1n-0z] 1.69 1.73
Max. Speed [rpm] 4,250 4,050
Max. Speed [rad/fsec] 445.1 4241
Max. Power [Watts] 1.33 1.30
Max. Power | [milli-hp] 1.78 1.74
Duration [sec] 30.0 30.0
Energy [Joules} 399 390
Weight [grams] 454 41.0
Weight [oz] 1.6 14
Power/Weight | [Watts/kg] 293 31.7
Energy/Weight | [Joules/kg] 3789 951.2
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Mabuchi RS-3855H-16120

AR ASHBARTZRRONAL. RFORBYREI 2T, (9n—1/9H) ‘ UNIT: MELLDETERS
Tha leiminal position against tha lappod holes variss dapanding on CW+/HEUTRAL (Reler 1o PB)

3 8.1 REF.
08, pARZFE [cewi(®)
DIRECTION OF ROTATION 5.0
G -
. 16.4 378
,«\1—&]‘% | 28 26 .
[=1]
qa {+)
Y
(=3 7T}
altE
b L'+
d e
HOLE & -}
3 = P
VENT HOLES
J15 M2.6x0.45 TAPPED HOLE
2 PLACES
BHYUAYUE—2r—ZMEUAORTF
or rnenzett tegth 40 max from WEIGHT: 70g {APPROX)



Mnabuchi RS-3855H-16120, Opevating at 24.0 Volés
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. ANMIZISON (rpm)
HIAU (V) p ;
UoIRBT 1 HoIABT 2
1 88.7 79.12
2 238.18 127.06
3 395.1 196.6
4 557.6 512.88
5 735.14 614.82
6 874.72 740.14
7 1017 848.5
8 1165.2 919.6
9 1308.2 1020.62
10 1438.2 1159.6
11 1588.6 1314.8
12 1728.8 1595.2
13 1886 1716.6
14 2039.6 1878.2
15 2172.5 2037
16 2315.2 22174
17 2475.8 2366.8
18 26154 2515.8
19 2768.7 2632.6
20 2908.8 2847.6
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a1 R1 Ao manuaumuiliua 189101995 TLA94CN

a1 R2 Ain anudumuilsua 1@enn995 LM324N

wnainaanldie 125 nTu
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R1 aga R2 la R1 Yn R2 Taqa R1 Uaga R2 Hiaga
v, =20 V, =846 Vv, =2026
V. =16.83 V. =582 V. .=17.22
a1 - - " - - -
| usedumeu | usadv U59AN | USIAUADY | USIAUABY | 1IIAUADY
()
ldlload | aoutlan | sould 1lan load 1ef toad an load
v) toad load (V) (V) V)
V) (V)
10 16.35 17.46 5.26 6.21 16.43 17.52
15 16.42 17.40 5:27 6.18 16.57 17.48
30 16.50 17.38 5.30 6.16 16.65 17.43
45 16.52 17.33 5.32 6.11 16.69 17.37
60 16.55 17.27 5.33 6.07 16.72 17.33
75 16.56 17.22 5.36 6.04 16.77 17.28
90 16.59 17.17 5.38 6.02 16.83 17.25
105 16.62 17.12 5.41 5.99 16.87 17.21
120 16.63 17.09 5.44 5.96 16.92 17.23
135 16.67 17.04 5.47 591 16.98 17.20
150 16.69 16.98 5.49 5.88 17.03
165 16.71 16.93 5.52 5.85 17.08
180 16.74 16.88 5.56 5.81 17.13
195 16.78 16.84 5.58 5.83 17.18
210 16.81 16.81 5.61 17.21
225 16.83 16.82 5.64 17.20
240 16.82 5.67 17.23
255 16.79 5.69 17.19
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R1 1ingn R2 a

R11la R2 diaga

R1 iingn R2 iiaga

V, =20V V., =846V V., =20.26V
V. ,=1683V V. =582V V. =1722V
o . | uasueeu | usedu nseAYN | usedumen | ussdumeu | ussdumeu
(nf) . ' .
1diload aouilan | eould 1Jaa load e load Jaa load
V) load load V) (v} (V)
V) (V)
255 16.80 572
270 16.82 5.75
285 16.81 577
300 5.80
315 5.83
330 5.81

HANIINARDITN 4

1 R1 fio Annudiuninlsoa 189101993 TL494CN

1 R2 A aandumudsuat 189107993 LM324N

ya Inani 140 250 ndu

w ar 3w e W
‘Jﬂ'U‘LIWIlLSdﬂu“IJ"ILﬂJ’!'Jﬂﬂilﬂlﬂﬂﬂﬂ 20V

Javans s usen Ianusmes 1a 17.02 V

a1 un)

o c{u ¥ ar <]
!L’Nﬂ‘uﬂ’)ﬂblﬂ VINWIANTIAA NG (V)

10 14.92
15 15.28
30 15.35
45 15.43
60 15.48
15 15.54




a1 Guin)

o Ao 9 Qs <
lliﬁﬂUT]'Jﬂ'lﬁi]'lﬂl]WIﬁ']ﬂﬂ']“Jﬁ'J (V)

9 15.59
165 15.61
120 15.68
135 15.74
150 15.82
165 15.89
180 15.97
195 16.03
210 l6.1

225 16.16
240 16.23
255 16.27
270 16.32
285 16.38
300 16.43
315 16.47
330 16.51
345 16.56
360 16.61
375 16.73
330 16.78
405 16.82
420 16.87
435 16.91
450 16.97
465 17.01
480 17.04
495 17.02
510 17.03
525 17.02
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(a1 (U

v Ao 5 s [
lﬁQﬁﬂ‘l’l']ﬂvlﬂil'lﬂlﬂﬂi’]ﬂﬂ'ﬂﬂl‘i? V)

540 17.75
555 17.68
570 17.61
585 17.56
600 17.49
615 17.43
630 17.38
645 17.32
660 17.27
675 17.21
690 17.19
705 17.14
720 17.1

735 17.07
750 17.04
765 16.98
780 17.03
795 17.01
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