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ABSTRACT

The Robot arms for playing * GONG WONG YAl * is the project which learn about
how to control the length of the arms to hit the “GONG" according to the defined music
note. For hitting the element of the “GONG" at the right position, the Robot arms will use
the feedback signals, which are the signals of the degree of rotation and the length of the
Robot arms. These feedback signals are the low voltage electrical signals and it will be
changed according to the degree of rotation and the length of the Robot arms. These
Robot arms use the electric direct current for driving the motor. In case the Robot arms are
not in the desired position, the users are able to change the reference value of the

“GONG" position in each by using the developed software.
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Tnedliuefvasginend’ \ugaasgiil
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(Vout)/(Vin) = -(R2/R1)

o ?:/ 3 L% I o 1 o =< Y o 1 <

Feru Adld R2 winfiu 24 Kuaz R1 windu 10 K Asladmsaenanilu 2.4 w1 uazisn
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nMsudnIHadounand (Play Center) HA ”ﬂumumu
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SPEED =1

‘TAdchwSong v Select Song Sl P_Iay i

Adjst J lduIP :

3119 4.1 WHNABNNTULAAIHARIUNAN

2
v o Al

Eﬂmmmmammniﬂmum%mq"ﬁmmu
1 paiinsviaaslual Imm@@ﬂﬂum&q Add New Song
NIFLAANITALNAY ‘Emﬂmnﬂmmﬁq Select Song

ﬂ’Wi‘Lﬂ@fJ‘ULLﬂ@\‘I AN L‘LE‘EJ‘U Wigusn meﬂum@nm@ﬂma L@‘ﬂﬂﬂll ﬂ’]fﬁ Adjust

> WD

m:rmumﬂmmﬂmqumuiﬂmmnﬂmmzﬁ Help Lmvmmmmmwammmé n

m”l,éﬂuumu IﬂﬂLﬂ’l’]ﬂﬂN ﬂ’]'s{\‘i Creator mnum%u

Tgunsuas mumm‘iummmmnuﬁuL'anma?m’ﬂﬂmmnm %QLﬁU'ﬂﬂle‘ﬂﬁl’ﬂdﬁ'}
Wilade (Textfile.txt) anmiullsunsiazudastifnaailusia Lwamiﬂmmmmlﬂmamﬁm
Lﬂfﬂﬂﬂumﬁq Play

fnnsuanananiIsau Tmmaaﬂﬂumﬁq Play mezﬁwqmnmmmmnmduﬁﬂuﬁﬁq

Stop annsolaensziiuaEiiale 3 STAL uaT panannlsunsulasideniuAnda Exit
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3
Ansifinstiamadliel (Add New Song) Hanemuz Al

&.inseit Note

Insert Song Nome Smé ch

iFllo im Lo
[;:"—_ [T~ o

J P
[ r ; ‘l,,:
e b

Clefti rmg}n
‘Qlc:qrjAIl 1

M< F< CLe T« D-‘ R- M-
F-(S" L= n'- D».R»{M» Fh

fl

. Insert Note :

71l 4.2 wihaenadinlnna gl

ML e Lwaﬂmmmmﬁﬁl@ﬁmﬂdmLﬁmmniﬁﬁﬁﬂuiﬁmmem,ﬁ’lﬁ@ﬂ Fadiaang
'lumuummqu@nmm 16 gn LﬂuTumwmmu,m «f @eranin Tanda “vlv I Toeifldaz
fadlddamaudeion wianniAE N ldnmwaa nsinimmasinldaiay 4 fmaz
flasanszuunnaduausTazwiauienas Trevielaeasdl 4 favaz

LﬁfaqmnLmuﬂ@'ﬁlﬂmmsnﬁ@:L@iuhf’ilmuﬁu”lﬁmﬁ@uﬂu@?ﬂ AEN1INIIAABUNIT
‘Lzﬁ”mg@Lﬂ?‘i@‘lﬂlﬁﬁmﬂmf’iLmuLﬁm%u FepnanfiAnanudamasieuaunals Taallsunsuaz
Fnmaamageuilietdanty Insert M CERIVaT R b Rat Tl Ut

ummnwﬁ‘lﬂmwuiumLwaquqwﬂm@ﬂLLm c’i"m"mm?uuwnmﬂm‘tmLaﬂm_lu
Save Tlilsunsuaz Lﬂm@mlmuuﬁummmwcﬂmmuummmmWamﬂ “ SONG.TXT" il

uenannuitudieyariahl udrAa@eniiy Back iengullanisuaninagaunans
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= ar < ar as z
ANTLAANTURLINAY (Select Song) HAaNHEUCANL

AY SONG.TXT

N_YUT _SONG.TXT
|{OOUN SONG.TXT

FAELLO SONE THTY

71/t 4.3 wihaenisdenswaLma

HMfanansaidensiamadiidaanslilanniadenansetienas wdallal@ent]u OK

samwasiaeniazhilsngeg nauananadounang wianrlduasrntinmauiumiald

&usuAun el

p S " Coda of Nota' .
,iywu.:.u,__50!4.9.7':-41' Ao | SPEED =1

s et Tve o Jiewzoz €
s S TR 071 Jes 2021
fer L Tnes 0511 80136 1
o i pEs 081 8o 135 1

%Adchqu_tig 8 ﬁclu’f&or\g

= @ aa & "
g‘Lh’l 4.4 uuq"Qﬂﬂ’]?LLﬂE"l\'lN@ﬁquﬂ@qQV]Nﬂ'ﬁLﬂ’ﬂﬂLW@QLL@:LU_J@\??M@
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‘dl 1 ] o 1 v . <l ar o é’
nsasuudasAanfaumauAunistsgneiad (Adjust) HANEMIEANU

MMMMMM:UJMSMMHLMMMMM

Ty o T T e T T T T T T T

J.:!:.lLlLJ.JiLI:Ji:J~U:J:iJ:J:lILJ:JU:H_ULI.:Ll:J;iM:Mﬂ;Mﬂ.1ULI:M:j‘

AL S e T k»
e
;u:uu:unmu:umuu;umm;uu:mmmm;uﬂﬂuﬂu
e e e

;U_'J_'_u:l:.ii‘.lﬂu;UﬂﬂlﬁMLUJ;UﬂM;UJﬂMMJMJMMQ ,\:

Test Left

. «¢ Back :l iﬁuvc Adjustl

3117 4.5 nihaenisulfeuudasAiBauieufiumisresgnsies

unsnnaurunaluwsiazaiel wliannsnaalfegludumiaiald Bnveaun
mm‘ﬁmqﬂmﬂmma:Lﬂ?;mﬁé]’aﬁé‘ﬂﬁmm‘l‘.ﬁqﬁLLmnm"Nﬁu@@nlﬂﬁﬂﬁmmmﬁwumﬂ'ﬂ*’?i
wieuadl A dwdtle Sewinla defiieiniufesdinadnuwasruBaiden e
Iﬁmunafmmmmﬂﬁlﬁmmﬁﬂﬁqlﬁ@ﬂ'\mummﬁu

lumsudeulasinuBeuidiey asfevinfuaudie wezuauan ifeswindnlunns
Fnanaviagaaurluszes Lm:mmmsmgwﬁmﬁu&uﬁm‘l.aiwi'\ﬁu Fuilasnananiina
wananana desnsulaeuwasiuBeufieuGeutenuda Ndenu Save Adjust tile
AR antuliideny Test Left iitanansanisinauresuadte uasdenu
Test Right iieNAABINTIANIUIBUILN uﬁqmnﬁtﬁﬂnﬂu Back \endulufiawiaanns

LAAYNARIUNAN
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42 douRnaseduglnsainnauan

d‘ ¥ a o o ¥
Lummﬂmfauuamﬂiuﬂﬂuwmmmﬂuﬁmmﬁmi:mu LL@:mﬂmmnﬂﬁﬂu@ﬂLﬂu

Fuaausaiies faiuddianansofederiulilaanss A liFestigunsallidmivAnsieriu

TEUIN ﬂ@uﬁmmé”ﬁmﬂnmimauﬂﬂ

1. mﬁm@mmmﬂu@n TAgHIUN A 4 'la nn3m (PCI Card) éu 3100 %dﬁwﬁ’lﬁ

‘Lum‘yl.l,ﬂmﬁmm’wmmramm uiludtyenuszdu (Analog to Digital) HaidAanu

anananfuegludas +5 e -5 Taaid Tnaiianaz@anwinfy 10 Taav / FFFHAD

ygzanns 0.025 Tan LLG\Lu‘ﬂ\‘]"ﬂﬂ’N@?@’l‘r’JLLi\‘lﬂuﬂ?vLL’Z‘W\N NﬂQ’\}Jﬂﬂ'\ﬂLﬂﬂﬂu’ﬂﬂ

Paaain LA LaFy Al

ANINARRIN 4.1

—

L nsfudayaannnnauen (H)
FEAULTIAU (V) v v v v ‘
AT 1 ATIN2 ATIN3 ATaN4 ANHLANAN
5.0V 45A 465 463 466 12
-4.0V 585 586 584 57E 8
-3.0V B6A1 6A0 69k 69F 3
20V 7B9 7B7 7B8 7B6 3
-1.0V 8C6 8C8 8CA 8C7 4
0.0V 9D 9E3 9D7 9E2 10
1.0V AFC AFF AF4 AFB 11
20V C2F C30 C2E c2C 4
3.0V D3F D3D D3A D3B 5
40V ES3 ES2 ES0 E4E 5
50V F7B F7C F78 F7A 4
a7UNANINARDY

RAINFANTNAZ LMUUL@Q’\I’]’]??‘JJWWNﬂQWNﬂ@WﬂLﬂ@@H@ﬂ‘U’N LLE\EI\'IINLﬂu 1 uan ﬁﬂﬂ')’m

' o a1 v 1 '
LHANANENNATIRENIT 16 BE "N

11l unnspuansléias

TﬂNﬂ'ﬂﬁ‘UL‘]ﬂN”lLﬂu 3 wan mumqmmmmmmmmm
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2. madsfayaaenliniauen Tasiaune nfafu PCL - 726 aimiitlunng
utlasdtynyousziu wudl ﬁmmnmﬁimﬂm (Digital to Analog ) fafiaan
anansalunnsanesziuun e lutae +5 T -5 Tt Tneflannuazidaamindy
10 9@/ FEFH Ae tszanns 0.00244 Toadt usiiilasannasasdnsusasfunszuanss

= 4 1Y & o Yo 4 a4
flamnupaandauagiivasinilsiuaAnliviueu

NNINARDIN 4.2

. LS sl (V)
Anganan b (H) v — o .
ATIN1 AFIN2 AFITI3 | ANLANANG
111 -4.34 -4.32 4.33 0.02
222 -3.81 -3.80 -3.84 0.04
333 -3.01 -3.05 -3.08 0.07
444 -2.33 -2.38 -2.35 0.05
555 -1.58 -1.56 -1.58 0.02
666 -0.75 -0.78 -0.73 0.05
777 -0.04 -0.03 -0.08 0.05
888 +0.07 +0.05 +0.12 0.07
999 +0.72 +0.74 +0.72 0.02
AAA +1.63 +1.59 +1.58 0.05
BBB +2.25 +2.24 +2.19 0.06
CCC +2.78 +2.77 +2.80 0.03
DDD +3.61 +3.62 +3.58 0.07
EEE +4.23 +4.25 +4.27 0.04
a7nannmaaag

arnmnseaziiulddiniesuaiiiauaaiaindeueting uadaliinu 0.1 Taad A
' I DR 4 p = ar o o o ?:/ << o o o ' ¥ o
uansnaiAteennilemeuiuszuusesugega foiudasansaiesauusaiy ey

qaasuenedoyaunnslfias
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IUNITHINU J

Taiidu

Gl‘ffl P Controller

lumsaiugu

dedynueenlinrugy

ﬂ']ﬁ!ﬂﬁﬂull‘ﬁ’ﬁlﬁlﬂlﬁlurlﬁ

717 4.6 WU TUREUNTAMUINTBINTAILIANUILNG



38

Tultsunsuilaziinsszinanaitenrupuginsniniewen  uaziudtyuteaundu

A <l ! °o o m n “ " " 4 A o g wQ " 2
welinsiden]uAnds “Play” waz “Stop” Wil Tnedl uA1ds “Stop” azminnisuganig

o o & «
e lidraziinnslszunanasg lwdunaulainig

START

READ SPEED

FOR N=0 TO NOTE LIST

N < NOTELIST

TIMER = 0

v

v

N = NOTELIST

READ CODE LEFT

READ CODE RIGHT

NO
YES
A 4
READ PREVIOUS CODE READ PREVIOUS CODE
END COMPAR COMPARE
YES YES

CHANGE CODE DOWN CHANGE CODE UP

NO | NO

| PLAYING

7171 4.7 wnudanisenu uaziiuAtsaltinmaa




[ Iinish Read Codﬂ

WHILE TIME < SPEED

CASE OF ="5"

START PROCESSING HIT 5 PULSE

LAST CODE

P - CONTROLLER

“won

HIT 1 PULSE

l

[ Read Next Code ]

917 4.8 unudansAgneias

a
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1. hnsenauutiy siliEadanqagudnandliisgndiasusiazgnluvinfudaldnianisai

AUBIALAZT AL

¥ '3

2. gnainsgnusn uazgngavinerinuiuqagudnatadi 270 asr Aasfeaiegiutiunsg

UFnguansmagy e liuaunanyuld 300 e

TaseaFramneBiannsaiing

inniseenuuLiaelifayaann pudnwaizaesgiingal

1. Audnenzaewamed MdAunnsasangiiiinnszuans uazawasiundouneimefin
THnszuansa (i

2. puansuzrasnfaduneing - 1A uimnasenedygin Taalesesdulauseiu

ugunanliaduieiduuvasnglifugunsainnsdidnnsefind deflszduusedulning

pingiu

daunsraunniaapaniame s
nmseenuuuinelddeyatesszun uazniindumaina
1. szuunisatuANNamesiiinnszuansaiy annsndszunannisgudneas Iy

anneudLuileld Astulunadeulusunsudeamnld P - Controller lunisaay
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T a a i’/ { A _— 1 o’ o ]
nsltnifadume g iusesinsdaullsunsuiianazfasaiunida  taeTusunsun
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Benuie Wwldsunsuilsianunsolasundasdneozld wazusaznfaiitlsunsy

Tunshinfalani=sn

1 ¥
TymniiaTuuaziuniansudle

1

< 9

d‘ ] o ] |- g o ' :l/ 1
Lufa\amnlummmmm"ﬁﬂmmnmmmm@ﬂmm LTUNBLADT 3@*/1'11‘131’%@361’1@“1141&@

anunravinauldetnanymnl willasaniinsmasesuazguAntaiteAuianaa
Tiuriaassinge) awiliansainnismaassasunuszuuls winindesnsidgunmaii

o A

v !
lgnudnuouziuduey Aazinlhudszinnugeau Selimnzanluninimndiassdy

v
=

eI
¥ a ar ' 9/:/; < a o ' b o % a
pnusunutiiaUfuslstuiiannianannlusioesdendegs valinnsaaumuiin
= o . P = v 5 = 5 o Ao
AURanaaluAbtaz i ganesamuds  usduniinisldgunsalaundan
X « r L S
nwgandiiflymiazunnly wiazdena lhuiszanmgeiudui
anau ity unisldgunrainianas Wy adu uasiedaanas udu vialilas
P = e < o v = vy A
afannaiipnlinesns Asdeanslinsnevauesresszuudhgiadasawlddy e
anunsaurilalilag sty PID - Controller flazinldnameuauaadngiadasnwls

@ = £
b3 BASINENATININTU

al o o

d gy X Y Ny o o <y ' 9 v o o v a
waunaiaiauniuidedineguanasiiansnsoadumuidnnaldiui faiudead
- 4
nsdeullsunsuivensaaseuinnaailddayanalyl
[ s < o ] Y a o v 4 a 1 ‘3 14 '
Al lanasfuinqauseine fagauiadain il adiatogmsneuudal
anunsudlansaniug 1 deldaldvinnsulaeuanldasasisnansaiianudnlaly
Neenazamnsg wilauazliulglfmnzansuszuunldiinimaased
1 13
tywgavhafudoguinsiuiaeanuidanaindnylen  uidaaldfuszuulag
<4 1 dl' ' d. ] ] o v a () %
7 An nsseana i esannnisdenldudumun vinlianaiifadaauunig

| s P

z o | vy o .
a9t Asilgnudnsuzilaewll Tldinnnsmsasey uazudly Wudowy $nlneu

9
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ansaildianizludamazdruindy feedalsfinadunuuazidsunsaiiadaduun sl

s ol ¥ y
urrgaNdngUszasAnsalilulasesuil



UTTEUUNTH

£ 4
o  as o a

Fedmil aunsansd la, Aladndidnnsedind, ANWASIR 1, ngamnY, L TidagL

FU ATAA(NUITL), 2538.

Stephen J. Chapman, Electric Machinery Fundamentals, 3"ed, McGraw-Hill

Book Co., Inc., Singapore, 1999.

Katsuhiko Ogata, Modern Control Engineering, 3"ed, Prentice-Hall Co., Inc.,

New Jersey, 1997.

9.
o’ as

AnR AnAdRILZNG, 41a84 AZARAMY, Visual basic atiulilsunsuwas, ANATeY

1, NPMNY, L3EN avanuagle A1nin, 2542.



NTANYAN



PNV BIUALADS AN N T LLARS

uaaesiinssuansaiususiasefusin Gelinnsaenuuuliilnnidnez it
A a o 9 A a o a
Ae uadinreanananeafininszuanssiunszuaiiinnanainenfiueed usnnreanan
gasuaimeiazldainuassuiaunuivanuazanaasiann  udnnisluntinezusilnaluan
anndanazaiailadiidszneudaedunsaniimdnuazanasnsainiua iuaginsanngud

NANAIUYINAL R pomdiiufszudnausadiaraanauaznszuayioiy

T=KxDx1I
&‘ = a =l 1 [~1 a o
We T Ae usdereaman indoeiilu Bofu-lums
D A Euusauswan dvdoaendlu e
I A nezualndn Iwdqendunanunls

a o
K A ANANYN

Farhuundazeanaaziiudadaulnensaiunaguaeaduususingn uaznszualy
Hisleaaaaasarineaeniludaunwimanfaziniidaussuiiinanasansofiues usasu
Tz udadouiuantiEraunatrasnainaiuazinunisvarasnssua it Aou

v
AuuSssndnausasu i deunauinaz A NG reanaNeLnes Ae

E=Kx(DxW

gl B Ae wsesulniindaundu (Back emf) Huwidaeiilu Taavt
D Aa Euusauadman Humdaentla viued

<4 < o [ G < 2 P
W AR ANULTIUDINDLADT Andne i usney/Auny

yawre i uuuunamasiianszug nsauuLLIMaNN9g



ameas AN NTzLAR S LLLLIMANDN9g

wawmeflfinszuanssunudminnes  Hamdnuouzacuduiuiresasine

wudadusiagy MvinliinesanisaANAILmL
WULAARINNALIRAERAT (Mathematical model)

ANNENRUTURIAF MLeng

amn X Torque = J x d@(t)/dt (1)
JoO  : lsudeenduuaida(Moment Of Inertia) : AlaNFN/ANT1UMAT
T usiaannuluTiRn iz ﬂ’ﬂﬂﬂ?‘ﬂ“fi’u(viscost friction)
: WAu-LAT
T, :usebeanueimed : 9iu-ums
T uniiaanuarednisz(Load) : WaAU-LNAT
O AnuEATNN © EEEWAUNT
N - fRTMATELINEY

O  : Aumdadaa © @ik

2 Torque = T T T,

2 Torque = T,-BO({)-T, (2)

wnuan (2) T (1)

T,(t) - BO(t) — T, (t) = Jxdo(t)/dt

T, (t) - T, (1) = Jx dO)/dt + BO(t)
W T -T.0 T(t)

T()

J x d(t)/dt + BO(t) (3)



Rnrsulasantang aunng (3) T lianinzGFusiu @(0) = 0 Weanderdudalaw

T(s) = Js®(s) + BO(s)

W(s)/T(s) = 1/(Js+B) (4)
LLANININ

0n = Jowa (5)

fnasudasattand aunag (5) TaglvaninzEusu @) = 0 e daifunelan

D

—
w

N
1

1/Ns x (s)

D
—~
wn
~
~
/8\
wn
~~—

Il

1/Ns (6)

La Ea

1
i Ea=Kb*W(t) C>
]

NRTLALLLAENNIG AN

AnngredAaiTan(KVL)

V.()-L, -RLM-e = 0 @)
e, - unasulHngaundy (Back emf) ; Tt
R, :AnNsunuaestasinatmiaed ; Tavy

L, Aenuuigntihasiinaonenuiaed ; s



V.o ussduand (input) ; et

|

L nezualwinilnasinuaousuniutesrnaineiees

V. -e) = L, +RILW (8)
WV, () —elt) = v(t)
v(t) = L, +R,L(t) 9)

Rnsutlasant aunng (9) TaelianazFusie (0) = 0 Wawaridunneleu
V(s) = (Ls +R)lLs

Therumnadanauazmalnihsndensedy Taeldezuusudl Vis) duduns, O)

a p o ode o . . g @ e A
wlu LATNWEA WAZANNANTUEN LTI UAD I UIWNIZULIVIN 2 sl

~
Q
—~
~
N
1

K, (1) (10)

’ K, (1) (11)

m
=
I

K, : Anpsiizasusaiia (Torque Constant)

K, : Anpafiaasusaiuliingaundu (Back emf constant)

_TL(S)
Valo) L(s) T(&)Y_T() 0
— ULsR) —p K O_" 1Js+B) |28 ns |V

K |

yaenlaazunsuIaINalnasWHInIzuamn s



ANYA LN Forward Part il Plant 1 Plant fiagyl

P —» | Gpuanr

0(s)

1/N )

LLIZNNDL Gy MW First Order (G ey = 1(Ts+1))AA1IU N9 Forward Path

Wa130un input s Taavt output Wlu O w1azlé Forward Path il second order uaziilu

Type one (pole 1 59 origin lfnainnng audiings @ i 0) dndwile reference input

\{lw unit step input AINNGBHN1IU steady state error Hiegan €l An steady state

error ag} (0 output faliianansaminiu O reference 16) 1518 N1T0NNAA steady state error

Titlu auel 18lae 1 P controller Az

in

>Q » K, |——»{ PLANT

O(s)

p| 1/Ns

e(s)

< day
udanlaazunsui 14 P controller AUAN

Tnel K, A ANASTITEY P controller



winnsAYLANA WL aanaes UANszIaR s

szuuAuANTlauUNAY (Feedback control system) A1M13AALANAIMUINITNNNTEY
vawedldlneldnumidlefinefidugUnsninmaseusumiadauass (0) nFauiieuiy
AuviaLdagugegs (Or) 20aNa LA S TN T LR T HAFAIITZUINAUMUIE B TR
Fayuada Or - 0) azinliiAnusadulifiadns (v - vr) Fliamefuaniuuionna
Anausagalaiin Or - 0) videnasnszdngAmiaFaugds (Or) fudumibadauady
(0) Winiderteniign

satuannugeniaazunstesemenszLaRsss TN gunsainsaada(Sensor)

1afine inwilelimailudoures Feedback Part fiagul

-T(s)
VREF Vin(s) | (S)

—r OO P RO L
+ +

vaanlnazunsunldwnuilanmaiuan

el K, An Aasfiasinnudlefimes
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TIP31A, TIP31B, TIP31C, (NPN),
TIP32A, TIP32B, TIP32C, (PNP)

Complementary Silicon
Plastic Power Transistors

Designed for use in general purpose amplifier and switching

applications.

e Collector-Emitter Saturation Voltage -
VerGsay = 1.2 Vde (Max) @ Ie
=3.0 Adc
e Collector-Emitter Sustaining Voltage —
VeEO(sus) = 60 Vde (Min) — TIP31A, TIP32A

=80 Vdc (Min) — TIP31B, TIP32B
=100 Vdc Min) — TIP31C, TIP32C

e High Current Gain - Bandwidth Product
fr = 3.0 MHz (Min) @ I¢:
= 500 mAdc

e Compact TO-220 AB Package

MAXIMUM RATINGS

TIP31A | TIP318 | TIP31C
Rating Symbol | TIP32A | TIP32B | TIP32C | Unit
Collector-Emitter Voltage Vceo 60 80 100 Vdc
Collector-Base Voltage Ve 60 80 100 Vdc
Emitter-Base Voltage Veg 5.0 Vdc
Collector Current Ic Adc
Continuous 3.0
Peak 5.0

Base Current I3} 1.0 Adc
Total Power Dissipation Pp

@Tc=25°C 40 Watts

Derate above 25°C 0.32 W/°C
Total Power Dissipation Pp

@Ta=25°C 2.0 Watts

Derate above 25°C 0.016 w/°eC
Unclamped Inductive E 32 mJ

Load Energy (Note 1)
Operating and Storage Ty, Tstg -65 to +150 °C

Junction Temperature

Range

1. Ic=1.8 A, L=20 mH, PRF. =10 Hz, Vcc = 10V, Rgg =100 Q.

© Semiconductor Components Industries, LLC, 2002 1
February, 2002 - Rev. 6
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3 AMPERE
POWER TRANSISTORS
COMPLEMENTARY
SILICON
60-80-100 VOLTS
40 WATTS

MARKING
DIAGRAM

O

AYWW
TIPxxx

TO-220AB
CASE 221A-09
STYLE 1

xxx = Specific Device Code:
31A, 31B, 31C, 32A, 32B, 32C
A = Assembly Location
Y = Year
WW = Work Week

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 6 of this data sheet.

Publication‘ Order Nurﬁbér:
TIP31A/D
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NPN

Complementary Silicon 2N3055A
High-Power Transistors MJ15015 *

... PowerBase™ complementary transistors designed for high

power audio, stcpping motor and other lincar applications. Thesc MJ2955 A
devices can also be used in power switching circuits such as relay or

solenoid drivers, dc-to—dc converters, inverters, or for inductive loads PNP *
requiring higher safe operating arca than the 2N3055 and MJ2955. MJ 1 50 1 6
e Current-Gain — Bandwidth—Product @ Ic = 1.0 Adc
fr =0.8 MHz (Min) - NPN “ON Semiconductor Preferred Davice
=2.2 MHz (Min) — PNP
e Safe Operating A Rated to 60 Vand 120 V, R ivel ISANEER=
afe Operating Arca — Rated to an , Respectively COMPLEMENTARY
SILICON
*MAXIMUM RATINGS POWER TRANSISTORS
2N3055A | MJ15015 60, 120 VOLTS
Rating Symbol | MJ2955A | MJ15016 | Unit 115, 180 WATTS
Collector-Emitter Voltage Vceo 60 120 Vdc
Collector-Base Voltage Veso 100 200 Vdc
Collector-Emitter Voltage Base Vcev 100 200 Vdc
Reversed Biased
Emitter-Base Voltage VeBo 7.0 Vdc
Collector Current — Continuous Ic 15 Adc CASE 1-07
TO-204AA
Base Current Ig 7.0 Adc (TO-3)
Total Device Dissipation @ T¢ = 25°C Pp 115 180 Watts
Derate above 25°C 0.65 1.03 wi°C
Operating and Storage Junction Ty Tsig —-65 to +200 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Max Unit
Thermal Resistance, Junction to Case Royc 1.52 0.98 °C/IW
*Indicates JEDEC Registered Data. (2N3055A)
Preferred devices are ON Semiconductor recommended choices for future use and best overall value.
© Semiconductor Components Incustries, LLC, 2001 1 Publication Order Number:

March, 2001 — Rev. 3 2N3055A/D
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LM741

Single Operational Amplifier

Features

Short circuit protection
Excellent temperature stability
Internal frequency compensation
+ High Input voltage range

* Null of offset

Internal Block Diagram

OFFSET
NULL

Description

The LM741 series are general purpose operational amplifi-
ers. It is intended for a wide range of analog applications.
The high gain and wide range of operating voltage provide
superior performance in intergrator, summing amplifier, and

general feedback applications.

8-DIP

8-SOP

A
-

(8) nc
o Vee
o OUTPUT

OFFSET
NULL

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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LM124/LM224/LM324/LM2902

General Description

The LM124 series consists of four independent, high gain,
intemally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply cumrent drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly oper-
ated off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional 15V
power supplies.

Unique Characteristics

® In the linear mode the input common-mode voltage
range incluces ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage

m The unity gain cross frequency is temperature
compensated

u The input bias current is also temperature compensated

Low Power Quad Operational Amplifiers

Advantages

= Eliminales need for dual supplies

m Four internally compensated op amps in a single
package

m Allows directly sensing near GND and Vg1 also goes
to GND

® Compatible with all forms of logic

m Power drain suitable for batlery operation

Features
= Intemnally frequency compensated for unity gain
= |arge DC voltage gain 100 dB
m Wide bandwidth (unity gain) 1 MHz
(temperature compensaled)

= Wide power supply range:

Single supply 3V to 32V

or dual supplies *1.5V lo 16V
m Very low supply current drain (700 pA)—essentially
independent of supply voltage
Low input biasing current 45 nA
(temperalure compensated)
Low input offset voltage 2 mV
and offset current: 5 nA
Input common-mode voltage range includes ground
m Differential input voltage range equal to the power
supply voltage
Large output voltage swing 0V to V' - 1.5V

Connection Diagram

QUTPUTS INPUT A" INPUTH'

" 13 12

GND

n

Dual-In-Line Fackage

INPUT 3 INPUT 3™ QUTPUT3

10 9 8

<
D

1 [z 3

OUTPUT 1 INPUT 1~ INPUTI®

Note 1: LM124A available per JM38510/11006
Note 2: LM124 available per JM38510/11005

v

4

+

5 6 7

INPUT 2 INPUT 2= OUTPUT 2

DS009299-1

Top View
Order Number LM124J, LM124AJ, LM124J/883 (Note 2), LM124AJ/883 (Note 1), LM224J,
LM224AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124AJRQMLV(Note 3)
See NS Package Number J14A, M14A or N14A

© 2000 National Semiconductor Corporation DS009299

www.national.com
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LM137/LM337

General Description

The LM137/LM337 are adjustable 3-terminal negative volt-
age regulators capable of supplying in excess of —1.5A
over an output voltage range of —1.2V to —37V. These
regulators are exceptionally easy to apply, requiring only 2
external resistors to set the output voltage and 1 output
capacitor for frequency compensation. The circuit design
has been optimized for excellent regulation and low thermal
transients. Further, the LM137 series features internal cur-
rent limiting, thermal shutdown and safe-area compensa-
tion, making them virtually blowout-proof against overloads.

The LM137/LM337 serve a wide variety of applications in-

&National Semiconductor

3-Terminal Adjustable Negative Regulators

January 1995

77 dB ripple rejection

Excellent rejection of thermal transients
50 ppm/°C temperature coefficient
Temperature-independent current limit
Internal thermal overload protection

P+ Product Enhancement tested
Standard 3-lead transistor package
Qutput is short circuit protected

LM137 Series Packages and Power Capability

TC1 =
G2 =

output impedance and rojoction of transionts

cluding local on-card regulation, programmable-output volt- Rated Design
age regulation or precision current regulation. The LM137/ Device Package Power Load
LM337 are ideal complements to the LM117/LiM317 adjust- Dissipation | Current
able positive regulators.

LM137/337 TO-3 (K) 20W 1.5A
Features TO-39 (H) 2w 0.5A
H Output voltage adjustable from —1.2Vto ~37V LM337 TO-220 (T) 15W 1.5A
m 1.5A output current guaranteed, —55°C to 1-150°C
B Line regulation typically 0.01%/V
B Load regulation typically 0.3%
B Excellent thermal regulation, 0.002%/W
Typical Applications

Adjustable Negative Voltage Regulator
A2 ‘ -
it *
/:CZ' f]f
uF
ADJ 1200
v Vinl  wnsy [Vour
T LM337 = “Vout
TL/H/9067~1

Full output current not available at high input-output voltages

R2
-V, =—1,25v(1|———-) +(—| xnz)
oy 12001 a0l

1 uF solid tantalum or 10 pF aluminum electrolytic required for stability
1 pF solid tantalum is required only if regulator is more than 4” from power-supply filter capacitor
Output capacitors in the range of 1 pF to 1000 pF of aluminum or tantalum electrolytic are commonly used to provide improved

©1995 National Samiconductor Caporation  TL/H/9067
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1.5 A Adjustable Output,
Positive Voltage Regulator

The LM317 is an adjustable 3-terminal positive voltage regulator
capable of supplying in excess of 1.5 A over an output voltage range of
1.2 V to 37 V. This voltage regulator is exceptionally casy to use and
requires only two external resistors to set the output voltage. Further, it
employs internal current limiting, thermal shutdown and safe area
compensation, making it essentially blow-out proof.

The LM317 serves a wide variety of applications including local, on
card regulation. This device can also be used to make a programmable
output regulator, or by connecting a fixed resistor between the
adjustment and output, the LM317 can be used as a precision current
regulator.

Output Current in Excess of 1.5 A

Output Adjustable between 1.2 V and 37 V

Internal Thermal Overload Protection

Internal Short Circuit Current Limiting Constant with Temperature
Output Transistor Safe—Area Compensation

Floating Operation for High Voltage Applications

Available in Surface Mount D?PAK, and Standard 3-Lead Transistor
Package

® Eliminates Stocking many Fixed Voltages

Standard Application

Vin Vou

o——o0——  LM317 e 0

R,

240

'Adil Adjust
Gt - L o™
01 pF T T 10pF
Rz
o

*Cin is required if regulator is located an appreciable distance from power supply filter.
** Co s not needed for stability, however, it does improve transient response.

Ry
Voy = 125V 1+R—1 + IagiPo

Since Iagjis controlled to less than 100 pA, the error associated with this term is
negligible in most applications.

© Semiconductor Components Industries, LLC, 2002 1
January, 2002 - Rev. 3

LM317

THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK)

SEMICONDUCTOR
TECHNICAL DATA

Pin 1. Adjust
2. Vou
3. Vi

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

ORDERING INFORMATION

Operating
Device | Temperature Range Package
LM317BD2T Surface Mount
Ty =-40° to +125°C
LM317BT Insertion Mount
LM317D2T Surface Mount
Ty =0°to +125°C 3
LM317T Insertion Mount

Publication Order Number:

LM317/D
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SEMICONDUCTOR TECHNICAL DATA by IRF540/D

Product Preview
TMOS E-FET ™ IRF540

Power Field Effect Transistor
N-Channel Enhancement—-Mode Silicon Gate
TMOS POWER FET

This advanced TMOS power FET is designed to withstand high 27 AMPERES

energy in the avalanche and commutation modes. This new energy ] 100 VOLTS
efficient design also offers a drain—to—source diode with a fast 1 RDs(on) = 0.070 OHMS

recovery time. Designed for low voltage, high speed switching
applications in power supplies, converters, and PWM motor
controls. These devices are particularly well suited for bridge

®

s . d : TMOS
circuits where diode speed and commutating safe operating area i
are critical and offer additional safety margin against unexpected
voltage transients.
Avalanche Energy Specified D
Source—to—Drain Diode Recovery Time Comparable to a
Discrete Fast Recovery Diode
Diode is Characterized for Use in Bridge Circuits —
e Ipgs and VDS(c,n) Specified at Elevated Temperature GcC
oS
CASE 221A-09
TO-220AB
MAXIMUM RATINGS (T = 25°C unless otherwise noted)
Rating Symbol Value Unit
Drain—to-Source Voltage Vpss 100 Vdc
Drain—to—-Gate Voltage (Rgg = 1.0 MQ) VDGR 100 Vdc
Gate-to—Source Voltage — Continuous Vas +20 Vdc
— Non-—repetitive (t, < 10 ms) VGsm +40 Vpk
Drain Current — Continuous ID 27 Adc
— Continuous @ 100°C ID 19
— Single Pulse (tp < 10 ps) IDM 95 Apk
Total Power Dissipation Pp 145 Watts
Derate above 25°C 1.16 W/°eC
Operating and Storage Temperature Range T4, Tstg —55to 150 °C
Single Pulse Drain-to-Source Avalanche Energy — STARTING T = 25°C EAs 365 mJ
(VDD =50 Vde, Vg =10 Vdc, PEAK I =27 Apk, L=1.0mH, Rg =25 Q)
Thermal Resistance — Junction-to-Case RoJc 0.86 °C/wW
— Junction-to-Ambient Roua 62.5
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 10 seconds TL 260 °Cc

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
E-FET is a trademark of Motorola, Inc. TMOS is a registered trademark of Motorola, Inc.

REV 3

© Motorola, Inc. 1998

@ MOTOROLA



NRBNTTNLF2NA

Weyayriinusativilanisodifaganlille WasannléfuAuuzin aowi aan
o < ol [ - PRPOEY:
8191980198 Wwyausgvs  enanstnlinen uarldfunaungnnainenanse wega Rl

o

AnuayATIziaumeiiianidalunaBaunt | a1misdaena 9udang lunisudlagilanim
dl f‘ﬂ‘ o a o Qr o 1 o o
Wu wazenansgdsneanvy |, enansfifasidng  Andrss  lunistoediasiziowas
¢ a d‘ 1 % T a o
. 819198l Wyn Nefaaunteyuiniiatumesina
= ZJ/ v £% a o a S < 9/ t% a o
anviesiRgTavaUARs e TRNNINNATTNIAINIINIATEANG Waztinnimn el R
MINATTIAAINTINGAAMNIT WATHAY Fanfeguyulsuan  susuganives uazdacllsian
a o v
¥ welueya i Weat
18URUAMUNE NG Na01TBN19ldamaRs , Wiadau uaz wiele Ntauuringas
dnellifnszuanss , walu Al¥inasunaen uaziieude nauilkaanudoemae
raaax uazalildfe wies ua wie 18 4D, weld 4C wa. qu 2D, W8N 1 36 waz
s Ju 29
v é’ % [l 1 Q'ﬁl v :I/ 121 % < :
gaviheiliesteteun vie ul wazoyiRidesiauats Mlnisguniscunnaan anma

SULTZNNAIBNNIAT TN AINTINIZ LU AL ANLTI WAEINSEN



