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Miss.Ramita  Chuenpramcheep

Miss.Rattana  Saengsue

Degree Bachelor of Science

Major Program Physics

Academic Year 2013

Advisor Assoc. Prof. Sarai Lekchaum
ABSTRACT

This special project is the development of a generator at the mechanical energy of
rotation with low torque is 1.800 N-mm. from the Stirling engine into mechanical energy to rotate
a generator. The development uses 2 DC motor are 3-7 Volts and 3 to 12 Volts for low torque of
the generator and the design a magnetic field with a copper coil , No. 28 are number of 800 and
1200 rpm and No. 34 are number of 2400 and 3000 rpm respectively, on the air core are made of
plastic ,which has a diameter of 4 cm and long 1.7 cm. The test generator is divided into two
parts, the first part find a minimum torque to change mechanical energy of rotation into electrical
power and the second part find the efficiency of generator to power supply for the load. The
results showed that the rotation of motor is 3-12 Volt has the value of the rotate power and
minimum torque are 1.80 N-mm and 837 mW respectively. The voltage and current from the
copper coil, which No. 28 is number of 1200 rpm with 7.830 V_and 35 mA, and the efficiency
of the generator is equal to 3.823%. When the tested with a white LED bulb, which size is 5 mm,
were found to be a source of electricity to the LED bulbs are 300, but the maximum brightness of

200.

Keywords : development of generator, the mechanical energy of rotation, electrical power
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Alnico 5, 6, 8 and 9 3,000-7,000 239-577

Ceramic (Hard Ferrite) 10,000-50,000 769-955

Neodymium-iron-boron, motor grade 35,000-50,000 2,786-3,980
Neodymium-iron-boron, high energy grade 30,000-40,000 2,388-3,184
Neodymium-iron-boron, most bonded 30,000-40,000 2,388-3,184
Neodymium-iron-boron,high temp bonded 35,000-60,000 2,786-4,776
SmCo 1-5 30,000-40,000 2,388-3,184
SmCo 2-17 35,000-50,000 2,786-3,980
SmCo low Hci bonded grade 20,000-30,000 1,592-2,388
SmCo high temperature grade 35,000-50,000 2,786-3,980
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laToaulaiasnio Light Emiting diode (LED)Wluginsaiaisnsdninlszian PN

o o 9

) . \ ' 0w . va o A & ' v
junction diode MMM T IaUAIsEsnea 1A I usuinuieg  Feaunsalawasla
1 a ' 4 el 1 @ 1 i = 9/
Tuaeaalnasuuauquazaianiivenaudnuanaeduludiunarmuisonsaniula
1 = < = Y ] ' = 9/ '
laToaulasuasazfivuramanuintioulddusdrsunivatouaziiotgnis l4auuinnai

unasrudauaalWlnd asgii 2.18

bl

517 2.18 TnTaquilaauers (LED)



20

2.6.1 Tassadvedlaleanlaauaa

1 [ ' 1 a = !
TaTeanlaauasszgadensouaieiag Tswduagaquatouiunaddndnond

o

! o 4 2 o : EY 1 =
puuvunilanyazmsazteunds lldiiumseunuesdalalon deenuuuliiigdiuiy

= A o 9 A g s Y o ' o A
ﬂiq'Nﬂamwamwmmﬂumuﬁa’mumuaxﬂmﬂu”lﬂTamﬂammmnmsaummammz

¥
= Y

1 i’, =1 1 { [ { iul.t ]
MIngzunn laleanlasaseziviuaIng (K) iuaiuiennuazdiunguin 13ue 1ua (A )

aa31ln 2.19

U

Conventional Current Flow

>
_l-_"—: il

o
Anode Cathode
(A) 3 (K)
I (A)
( _:l (K)

319 2.19 uansIasaadavedlaloanlaaes

a

2.6.2 wanmamauvedlaleanlauaa

: w a g 2 o o i’l v O v w
iiolaToagnluda Bnasoulumsnwahanduaouany Uz IWAINY

Z.; o :‘/ " w : o - r ?x
Tﬂﬁﬂ"lﬂ%unmu“‘b’ i]’]ﬂuu%zﬁﬂﬁﬂﬁﬂﬂﬂﬂUWﬁQﬂu@ﬂﬂMT G‘]ﬂi’QWﬁNWUWﬂﬁﬂﬂﬁ@UﬂﬂﬂNWNH

'
=

TivanoNvzasonan Tinoulunmsdwasddenld Taa'laloanldauaaazimiiin

3

| [ [ { 1 a =
Lﬂ%ﬂuwaﬂﬂﬁluulw‘ﬂﬁllﬂuWﬁﬁﬂﬂlulLﬁﬂ clu*vmsﬁ"lﬂTﬂmﬂmuﬁaaaﬂm%mﬂmmwumamﬁ\‘i

o

[ ' Y
Faazliidszaninmgennlaleanald msizdmdsaudiulvgeziiavuludiu

o = 9
alnasSunmenuisaneunula

2.6.3 avedlaleanlaauas

'
@ =}

1 o o o & o o
%"Uﬂﬁ"lﬂI’E]ﬂl,ﬂﬂﬁllﬁﬂﬂﬁﬂ'ﬁl'lﬂﬂ'lﬁﬂﬁmfﬂ'ﬂﬁ1J"I!,‘ljUllﬂﬂ']ﬁﬂ?ﬂ‘lﬂ?lﬂﬂ’]ﬂﬁ"liﬂﬁﬂ']u']

a

aa A ' 1 =t 4 o a d a o
FANDUNIDNTA 19U UAARENDIT M 1A (GaAs) ) unadeuea L@ (GaP), unatdenels

a1 luanea' e (GaAsP) . Fanoumsluq (sic) wisupadoudumonlulasd (GalnN) 11

Yt A A

werusannu ludnauiaeiu ez laailinnuenaiuaiegeenu



M13199 2.3 uaanauiiaued la Toanlawasluansnnuernna ey

21

¥iiavosmsnedianh | Anwenady @v09 LED V, (I=20mA)
GaAs 850-940nm Infra-Red 1.2v
GaAsP 630-660nm Red 1.8v
GaAsP 605-620nm Amber 2.0v
GaAsP:N 585-595nm Yellow 2.2v
AlAsP 550-570nm Green 3.5v
SiC 4370-5 05nm Blue 3.6v i
GalnN 450nm White 4.0v

dl 1 =)
1INA151949 2.3 agnuasieetuilszinn P-type

3 [~ =Y 1
laToanaaailuunaounazansidetutszian N-type vzlforsiaiin As laloalauas

l=i <] = o o
NEUFLAIDINULIINNTTH

Sumsnannldlunisnan

v @ o = d o |
aua1sneiytaunaney 01531 1UA (GaAs) 321119 1UE12

aduvestnaigaaz dussau lihlumsulauaaiios 12 v luvaezilaloanldwasi

= = &2 o o o = a g L3 = A
L‘ﬂuummnm%mmmﬁuﬁﬁmmuwummmaauaumw"Lu"lmﬂ VSHYIWANNLIINAU

'
=

yasgienaauaz1dus sau Wi lumsalaamauings 4 v

q

1l#1 2.20 nsluaasms lusanszuaveslaToanlaarelundazd

Forward Current
I (mA)

Infra - Red

50

40

30

Red
Amber

Green
Blue

White

r- |



22

1n31 220 szwudineuilaloanldwaseziiimsldesudsesninizudazdos
i ' 1 1 :’; g ) £ A d @ 1
i laToaneu  udms Inarvesnssuaiviuegiuaunasves laloaniiludadin

TaonsanunT2LLe (forward bias) 1 lman1u'la Teanlasuas Aounazyiinsaelaseuaan

4 o

! 2 o o A Y A o - B & q Y
Ilﬂiaﬂlﬂﬁﬁll.ﬂﬂ"l]Qﬁ]’]ﬂju“ﬂﬂgﬂﬂﬂﬂ 701 ﬂﬂﬁ&'ﬁllﬁﬂﬁﬂﬂéﬂﬁjWﬂﬁ’lu‘V]’lu&“WﬂllﬂJchﬂigLLﬁul‘ﬂa

Y
iusanu T ldmuninla Teanldwaezgnihaenio lnidld

=Y

2.7 19303 1WA (Generator)

= =)

w3eannuia lWihaomnseena ldfanaldeundsaunaflundsaulvils Taserde

o @ o s 1 =1 w o d Y & 9 A o g
“PTﬁﬂﬂ']i"‘liﬂ\flﬁlﬂﬂ'ﬁﬂﬂﬂ]u?ﬂﬂguﬁl‘F]ﬁ'llﬂJLLﬂJLﬁﬂﬂ“Uﬂﬂ’Jﬂﬁ’Ju"I‘Vlﬁ'iﬂlQLLiﬁLﬂﬁ@ulle‘hlﬁuU'Ju']u

] ¢ ¢ ; i -, a
Fun “YARIAD1TLUAD T (Armature)” “%\"I']NﬂiqlligﬁTJN?J'JLLML‘HﬂﬂLLﬂSiﬁ'IﬂJTﬁC]‘Hialublﬁsﬁﬂﬂu

o w o oA

£ . e 1 = o Y a & 3 o
AUNTANTUNANIVY IUDUADIAUAANTUTUTULLINU AN 'Vnch’ﬂﬂﬂLﬁﬁ!ﬂaﬂuqﬂﬂ']ﬂiguﬁﬁﬂﬂ

v
a =

e luvaaia

wsoanuiia Wi unszua WG 2 ¥iia Ao tnTesduia lWilinszuanss (DC

Generator) Nuaseamutialwihnszuaadl (AC Generator)

2.7.1 tasesmiialiihinszuanss

'
s 1

A o a Y| @ @ Ao o =) :i =1
LﬂSE]Qﬂ"ll,uﬁulww”lﬂ'izuﬁﬁliﬁﬂ"lﬁﬂﬁE’Iﬂﬂ']i‘ﬂﬂ’luuﬂﬂau‘ﬂ ATUINLU TN AN

1 1 9 ¥ 1
winausundoud Iihauluaiedaniniu s 2.21

Magnet Dircct Current

Armature South

Commutator  Brush
Magnetic Ficld

(NaYaYa¥a¥a¥a
Time

Voltage

! Y] o Y o a 9|
5171 2.21 HANMIMIUVBUATBIN A AT LaaT

U

4 o a o { 4 kY
Tassadraveunsesiuia lihnizuanssazuaanagilin 2.22 aezilsznoudae

1) Tasa: uldoniu (Yoke)



23

shaseuiiaie (7)

m3anaudsasm
Brush Spring
Brush Holder

(5) noMiInmas

angiwisudaunuiininidn AN
Field Pole Serew URUVINRIHED

51071 2.22 TnseadwvounTeanuin ihnszuanse

a

1 < ; y ~ a B 1 g a a o 5
2.) YUARIAFAUININLHAN (Field Windings) A1 ﬂma'Jﬂ‘wgﬂwuagﬂumuumaﬂﬁﬁﬂmﬂu]mﬂ
M . G0 12020V K0 LB i Y qw L e Hq v g
wewne3 Mmihasiiataimantamile (V) uazaald §) unudmanansvaaiah lani
o g a2 Wl w 9
YAIAUIIIRUAY ANl Anaziaduiioteus i e st Tl
H. 1 = o [ w 1 = a  w
3.) unuautvian (Pole shoes)ﬁmmu’c’fmS‘U3mwwa’mﬁumumwaﬂgﬂﬁﬂmﬂﬂﬂm&
kY ) 1 difve i =] 1 w ) i . y
d1u Ty Tl AN I INLALY ANBULN9Y BA%DURY (Lamination Sheet Steel) [HBAAN
= i P oo g o
AAnszud 112U (Eddy Current) Nz lanuduvesauinmiananad Tl anazi
) a Yo a ;.”; 1 g Aa 9 2;) 1 I~ a9 )
nin AU 1@ AN NUAN AN EIFAUNUUITUILLKHAND1IT HIATUHLNYEY
Y 4 o g UTY v o ¢ ¢ a
Tupimanyi i 1A unuenimaeinen
4 4 = ! & = 2 a o o g 4 o
4.) 913101985 (Armature) AD TIUAADUNYNIAAANTLNAILLALIDITUNITHYUATIDTLULIDIN
=1 1 w9 [ 1 < 1 A 9 o ' o
VINNANIHUDIEY BadoUnUgEToIponiudIug e IWuYAaIA913 1985 (Armature
. . o Jd £ 1 d o ) '
Winding) 1007991501993 1 1uARIA1U101R U $99YAAIADITINOTIZHUARIANLDY
4 d o Yo a o o ¢ @ w 1 =1 t’z’) o
Yarevaaine15maeiae Bauasuiduamad 015 ee I HANAUYBITUINILIM NI
¢ ¢ : {
IHo1smwesnyuAdoun
= 4 A A da & 2 A Y oo ¢ P
5.) ABNNAARADT (Commutator) AB TIUAROUNDNTIUNUIGNEAAALUINLBITINIVDILAS
1 o a d o ] < Y 9 [V~
a1y Aeuiiummeshanuianewewdlsgneudidleiuilugy
6.) 11153871 (Brushes)

7.) thageu¥iiiie (Endplates)

1 a Yo oa Pl é’d [ =1 1 dy 9 1 = ] 3/
. ﬁau‘nagﬂwﬂﬂizﬂBUﬂ’JUTﬂNLLaxmmeﬁﬂ AIUUFTTWAUTINLHIH NI olau

1 = v =
LLiQLLN!WﬁﬂLm%ﬁ’]uﬂiﬂﬂi&‘uﬁqﬂﬂ@ﬂ



24

1 o A A A 1 = = 1 4 o Y
U AIUNAADUNH IO IUNMYUITINI 91711805 (Armature)” 1/5zNDUAIY

< a 4
1. AULWAN 2. InULan 3. ADUNIUALADT

2.7.1.2 msulastaveunsessmialWiinszuansa

wiean e lWihnszuanss udseonamudnymznisiingzua Tuil 11

9/ ' < v A
NIZAUVARIATUINLNLIIAN hlﬂ 2 LU Ao

1). 10309 ArHANTZAULLLLYA (Separately excited generator)

2). 1930 UHATANTEAUA DA (Self-excited generator)

q

1). 138 IAYTIANTEAULLULEN (Separately excited generator) AiD 1ATB4MUTIA
] 1 =1 o '
Usginnnilvaataauinntimanvesinudlnzgnnizduoinurasiielinszuansann

' v

= T = w3 1 Aq 3/ o [ & oth S a 4: =]
AeUBNTIENA1IM 1IN Faunanieh1d lunisnsedudmiunissdnilariiatiorveuily

{ 4 o = ol el 4 4 0o =a o A { o El
uuawesvisamsasiuila Iinszuansdadue waziomieeduiia ihdous Al 14

£ i o =] o
Tumisnsequeziionn danizquniodnmaes (Exciter)

dl o = =) kY o i = A o a = el
2). ITONNILUATUANTZAUAID (Self-excited generator) ADIATINUUATUANTD

4 i [ Y A a w w
UszannNgAvAaIAaU I ANYBINUN 1ZQNNTLAUAR 8N I ZUATIAAIINAIVD ST ULD g

a q

= 1

& g (5 Y R o QYA |w & 1 A ) . o g
L‘H@Q"ﬂ'IﬂLLiJL‘VEﬁﬂF]ﬂﬂ’]\‘ﬁ]\‘i‘l’]"lalﬁlw\lﬁﬂ“ﬁltﬂdiﬂﬂﬂ'U']dﬁ?ﬂﬂﬁﬂlﬂﬁﬂ@gﬂ?ﬂiulmﬁsl.l?LLﬂJL‘Hﬁﬂlﬂ'ilﬂ

4 o o 4 A A o & o & o q W = o &
uagmaammﬂawyun%zmmmaaumum'ﬂuamﬂmmmxwﬂ‘ﬂﬂimﬁmummmmuwm

'
o

= ng 3/ & 1 A :’z - w A 1 a o E’, v
INAVUATILY “ﬂﬁﬂ?ﬂﬁ?uﬂﬁ@ﬂﬂﬂﬂﬂﬂu‘umﬁE]HWNTU‘IgﬂﬂIﬂﬁ?ﬂﬁuTMLLNLWﬁﬂ ﬂﬂuuWﬁﬂ“ﬁ
Vg A Y A od - o 0 e ) 2
LLMLWﬁﬂ‘ﬂ‘?ﬂﬂﬂ"lﬁVILWNLLiJL‘PTﬂﬂﬁ]\iﬂuﬂﬂﬂﬁﬂﬂ’ﬂﬂﬁlﬂﬂﬂﬂﬂlu
4 o o = w ] o 1 ] I~ @
Lﬂ?ﬂﬂﬂ?LMﬂ%Nﬂﬂﬁ%@i’uﬂ'ﬂmﬂ DI1VLINDNATNANHUSNITADVADIATUINLYLWANNU
d Ju 9 o A
?ﬂﬂﬁﬂlﬂﬁ?ﬂ@WiLﬂJi%ﬂiqﬂlﬂu 3UUU AD
1). m%aﬁuﬁmmuauﬂm (Series generator)
2). 1A50IAULALUUVUIY (Shunt generator)

3). 1A 0IANUAUUUNEY (Compound generator)

2.7.2 seanmiia lnihnszuaaduy

4 o = o W 4 o = EY
wieanuia Inszuaaduaziilnseadaniloununioanuiia T
1 1 4 d Ly = o
nIzUaATe ua luaanveseIsnIei i uunundiuvesneuiimmes MsaIuny

4 o a o ! o { o y o
m%ammﬂ"lwﬂmsmﬁaau “Uﬂ!&‘ﬁ‘lﬂﬂui‘ﬂﬁﬂi]&’ﬁﬂ’l‘ﬂﬂﬁtluuﬂﬂﬁﬁlﬂﬂﬂnﬁ’l 1’]’]114“5\1611!

Uaresmefamsulasuulasdawaldiinnundeniony Inaa ldngaiiauniomn Tnid 14

T
=

¥ ' ]
aniudsdesniuguussau fhintleuliiuTnas dsgdit 223 dludagiudiiiasaiuau
Fd

19 2 Uszinm Aeil



25

Magnet  Alternating Current

Armature South
Magnetic Field

e AN

\VARVARVIRV/,

2111 2.23 nanmahauasunsestuia ldfhnszuaadn

Slip Ring Brush

1). manauauus i lufhdaoiie

) i o a . o a ot o o a 1
dhuismsntdonsrumiosdutda lihaszueady 1 iauaziifiauemna ligann

[ { o @ o w o { !
anuTasdfualfsuanuEwesdiaduiaslilasasnsedsunszua lithitlounnvaaia

! = Y 9 19 a4 M A 1 o 8 ' =]
ﬁmmmmaﬂiﬂuaﬂm Lmﬂmmﬂﬂaummuuumuﬂmmz"lmamsa

2). myaunuusIiu lthaszuuda Tuga

'
= 1l 0o W

dluFsitenldiuaieduiia lihunalngiilisidueinage wu wieaduial

H1luTse 1 ilosnnTnaninmsuldeuutanisua Tnanuazmwines ulnmes vol lnanay
' ' 1 1 1

wlasuutlasi Iiussau IWihlaweonlasuulas daiusuiluivzdeslunlaounsady

dli [ ar g9} dr.
easnu1seanlinan

Y o = o (¥ 4 J da
2.8 asaanuna Wiy msunseseunmanasas

! o Y o & ) Y 4 o oda
31l 2.24 uaasanbazveuas ot ule Wihdunudmsunseseuddnesa



26

nnglil 2.2.4 uaasdnumzveuniessuila lWihiduuundmsmaiesudmaniaaiiy
miaammumiﬁmﬁ’wmﬂamimguﬂmyﬂxﬂéawuﬁmma%ﬁqmgﬂuwﬁ’wm“I,umﬁ
Tundowssesduiia i lReenufundinulih Fundewudmaoiauiluingeswudi
”iﬁﬁ’wﬁ'ﬂmssummsLﬂﬁﬂugﬂmaawﬁwumm%’au"lﬂﬁJuwﬁ’wmﬂamﬁmgu Taniwuilu

o U a d:l 1 s d‘l o = 9) ='9 ' d‘l o =
‘WfNxﬂuEL‘LJ'G‘I"JHE]L!ﬂmm&‘b’ﬂuﬂﬂh’IEJ\'Hﬂ‘iENﬂ"ILuﬂULW‘V‘l'l FaaIulsznouveunsaIn Il

Wi 228 3 dau @31l 2.25 ()

U

(M)

TR =ty . o s PREE
: a1 I @i 2 : I 3 :
: MY -%-—u- yAaaANo3n : »  lvivh >:

L i

(V)

119 2.25 (7) uanadulsznaums aanuiia Wi

Ea

(V) HEAIHUATNEAT U SZRELIAT BIR 1ITA

TAgNdIuLINABAIANGINUBUNA (NMTHYY) AI317 2.26

VANIUMTHYUIUNA

5ONFUNAINUMTHYY

whgn3esnuiialvih

2.26 @uf 1 panTeanuiia luih

=]
=
=)



27

1 = & r o A 9/ 1 @ A
AIUNADIND ﬁ?ﬂ‘gﬂﬁﬂﬂ@iﬂ‘ﬂﬂlﬂ‘i@ﬂﬂﬁ%&iﬂ5$ﬂﬂUﬂlﬂwmmlﬂ\iﬁ’m“}g“ﬂﬂmiuﬁ’Jtﬂ'iEN

U

=) U

o = o { J | LY o s; =

mmﬂmgﬂﬁ 2.27 LLﬂ$ﬂ'?‘l«lﬁﬁ'l‘JJﬂ"IﬂWE‘]\N'I‘L!LE]"I'WV!ﬂﬂﬂ mumawmﬁumuuazgﬂ
ﬁ' A o ar d’. = :’ = = (] a é = | =

AT IV NIYUINTAT ﬂﬂg‘ﬂ‘lﬂ 2.28 Tﬂﬂuumuﬁumu%mmmaﬂmai mﬂumwma Wnaua

= A a o = o ' ' A a £ ' S A A
L‘UEI?ILLﬁSiUHE‘]J Lﬂiﬁlﬂﬂlﬂﬂﬂ'}lﬂﬁﬂ"Ii}&’iJ‘lJﬂﬂ'Jﬂ%UElgLLﬂ%i]&ﬂQmHBN’J‘HH'lLLﬂJL“HﬂﬂﬁL‘UEJ’J

51111 2.27 @uf 2 veunseanuiia lnih

U

mamsuanmas i

2.8.1 @aulsznoumANAINUBUNA

d a 1 =]
L AN UTIHNVDIN UL AN

@ 3 :i 1 = 1 Ea
NA YY1 Hall sensor hlﬂﬂ']'mﬂ 2.930 Hz mmm‘mimmmmmamwumuw"lﬂ

s I_H_ =3 2_9369.{{5. =100 488 Hz 1) 1951l 5 2 lersiaa (2.13)

& P 1 = ' o
7s AD ANUDVDAULWUIIUAALN AN ( HZ )

=n.

Tan

{ ar { [ )
£, e Anudvesdyn 100 Hall sensor NA1R (Hz )



28

- ) B 3 a ' A
VINTUNTANINT WYY @ = 27Tf LLa’Jil:ﬁulﬂﬂ'?!'liJL'S’JL“D'QialﬁJGU?NLLNUi]"luf‘]'f]

W, = 2”.7(;9

e
Il

, = (27)(0.488 Hz)

2
I

., = 3.064 radls
3 a 4
2. AT NWIYNVDINDIADT

4 a | vod A Y EY) ¥ ' '
ﬂ'lﬂﬂZl'llll,‘iEL‘HGMEJ“IJENLLNUMULLMWﬁﬂ‘ﬂ‘ﬁﬂﬂcluﬁﬂﬂﬁu ﬂ:mammuiumumm

£ s

= y w a I~ <} 1 o
l“ﬁﬁﬂﬁlﬁ@ﬂ']ﬂﬂﬁﬁ?ﬂﬂuwm “]Ni!'ll‘l.luEUSG?'E'NWTﬂ'3']1]1.5ﬂiﬂﬂﬂiﬂﬂﬂqllﬂﬁﬁiﬂﬂﬂlsﬁﬂﬂaiuﬂTiEW]

no3n Aagilin 2.29

upUN 3 (rpm,)

T (rpm,) \,

<

al
UNUN 1 (rpm))

~ ' ) 4
317 2.29 aalszneuienalumsaanesn

1 o P={ 1
Tagazuamsauraeenilu 4 au fe

! 1 a ! =3 { o {
1. @UNYHDINUHUDIUAALNMAN (AT 1: rpm,) AIFUR 2.30

-
wpuN 1 (rpm,)

4 ' ! a ! ]
717 2.30 FIUMYUMINLHUIUAALLIMAN



29

' £ y
itieaninunumyu lsunuRenuaniuudmaimua A dunils B uaz duma C

4 3 a 1 = T "o [ ";’,
MANUTNFIYN (0 ) lunue rad /s uazusaiia (7)luniae N—m iy aaiu

T 9 = v ] 1 o 1 o 1 war r oo
NNTUMT F = — ilz“lmumm”lwaamuwm A AUHUY B uagdunue ¢ g linu

¥
ol 3‘}
iy F,
FB
FC
Taen F, o

v 9
Fy Ao usannszyh ludiadinindusedl lumioeindu( N )

F. o
~
r, = fie
A
=
re o fe
-
7, 8

I

Sy [

ry  50%107 m_

/s
g 6x107 m
2 L3

B\ 085 102

1 3
wsannsz lunadanndusea luvuasiadu( N )

Lmﬁﬂﬁzﬁwﬁluﬁﬁé’amnﬁ’u%ﬁﬁiuﬁﬂaﬂﬁaﬁu(N)
%’ﬁﬁﬂjmmuuﬂmﬁﬂ(%r’gn?u)ﬁ@i’umﬁa A(m)
?ﬁﬁmmmﬁgﬁﬂ(ﬁﬁmm)ﬁﬁumﬂ& B(m)
Srfivosyalua Gdu i umia ¢ (m)

UFItaUeanUn 1 (N —m)

w 91 o 1 ' =
1N rpm= —x60 3z lananuiEiseulumintsseudeunii

2T

rpm

rpm

=
Tag rpm,

_ 3.064rad/ s B et P
2nrad | round

29.2590 rpm

A 3 ! ~ ~
e ﬂj1ﬂ£§3§@ﬂﬂﬂﬂ11’l1“ﬂﬂﬂ'ﬂ 1

2. @IUEANBULTIAIUNADY (UAUT 2: rpm,)

= d:I | = o ' o ' &sl" = A !
%'Iﬂg‘].l‘lf] 231 1AFBUADAD ALLUUY C LAasA1llWUd D 1u@ﬂu%$mmﬂwwuwama

f 8 =Y ::{ ) o 1 o ] 1 1w
INTUMT F = — i]‘éiulﬂ?’l 1434918 (torque) ‘Iv"IEI.GIfSU'ENGl"ILL’HU\T Cuagniviud D i]zulllm'lﬂ‘l«!

r



30
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@, rpm, rpm, rpm, Vi v, ,
(rad /! s) (rpm) (rpm) (rpm) (m/s) (m/s) (rad/ s)
3.064 29.259 117.036 | 468.145 0.686 0.686 274.534
6.189 59.101 236.402 | 945.610 1.386 1.386 554.534
9.590 91.578 366.311 | 1465.244 2.148 2.148 859.264
12.158 116.100 | 464.401 | 1857.606 2.723 2.723 1089.357
15.310 146.200 | 584.799 | 2339.196 3.429 3.429 1371.776
15.774 150.602 | 602.408 | 2409.631 3.533 3.533 1413.082
15.917 151.996 | 607.985 | 2431.938 3.565 3.565 1426.163
17.059 162.901 | 651.606 | 2606.423 3.821 3.821 1528.486
17411 163.398 | 653.592 | 2614.368 3.833 3.833 1533.146
= a a 1 =)
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(V) ATIN T | ATAN2 | ATINS3 | ATIN4 | ATINS 1naY (N-mm)
2.590 2.900 2.900 2.850 2.800 2.900 2.870 3.588
3.730 2.850 2.900 2.850 2.850 2.900 2.870 3.588
4,990 2.900 2.850 2.900 2.850 2.900 2.880 3.600
7.490 2.900 2.900 2.900 2.900 2.900 2.900 3.625
13.700 2.900 2.900 2.900 2.900 2.900 2.900 3.625
19.910 2.900 2.850 2.900 2.900 2.900 2.890 3.613
26.100 2.900 2.900 2.900 2.850 2.900 2.890 3.613
31.400 2.900 2.850 2.900 2.900 2.900 2.890 3.613
STuAUNBIMBS 1.250 mm nay 3.608
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o, (rad / s) B SN\ (7)) I(md) | P, (mW) 1 (%)
274.534 0.991 0.81 2.00 1.620 0.164
554.534 2.001 1.66 6.00 9.960 0.498
859.264 3.100 19 15.63 39.388 1.270
1089.357 3.930 3.44 35.40 121.776 3.098
1371.776 4.949 4.18 36.50 152.570 3.083
1413.082 5.098 4.07 37.00 150.590 2.954
1426.163 5.146 421 37.00 155.770 3.027
1528.486 5.515 4.43 37.00 163.910 2.972
1533.146 5.532 4.45 37.00 164.650 2977
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4.1.1 giunsaiilFlumsnaaeu

1) Power supply (90 ) 0-30 V, 3 4
2) DC motor 3-12 F

3) anBealsa vuaa 1,000 g 817 250 mm.
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2). Wauvasnie IdSuawsedu luin 2.5 7 Mimsfuiinausefaonailsa
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s

1 laga

o = A
2 avluas1ef 4.1 taza e 42

3). g lude 2 TasdFuusedu lvihonunasiielvein 257 - 1217

a o 1 = o w ) {
4). 'M'ﬂi'I$°H‘PT"I'ﬂ"ILLNMﬂLLﬁxﬂTﬁNJBﬂN@L@]E]% umuuﬁﬂwaaﬂumiwﬁ 4.1 Ung

UaLa E]‘S'{ 1.000 mm.

Py s o a9 ] &
gﬂ‘lﬂ 4.2 Nﬂ!m@iﬂu1hﬂsﬁﬂﬂﬁﬂﬂﬁ’]ﬂ1‘ﬂE]iﬂ

o

4 daw o
AN 1 NUITAULLAU

V F(N ; ‘) Bnotor
(V) adeit 1 | atafi2 A3t ndait adeds | (W) | Wemm) | 00
2.50 1.20 1.25 1.20 1.20 1.25 s V) 1.22 0.837
3.06 1.30 1.35 1.35 1.30 1.30 1.32 1.32 1.829
3.57 1.45 1.50 1.40 1.45 1.50 1.46 1.46 3.137
4.49 1.60 1.65 1.65 1.65 1.70 1.65 1.65 4.493
5.56 1.70 1.80 1.85 1.60 1.90 177 Y 6.069
6.52 1.75 1.80 1.80 1.85 1.85 il it 1.81 6.395
7.50 1.90 2.00 2.05 1.90 1.85 1.94 1.94 6.916
855 2.05 2.10 2.15 2.15 2.10 2.11 2.11 8.062
10.48 2.30 2.25 225 2.30 2.25 2.27 2.27 8.701
12.03 2.45 2.50 2.45 2.40 2.55 247 247 9.910

Aunae 1.80 1.80 5.635




54

A5 4.2 L!.EWNN'ﬁﬂTﬁ'ﬁtﬂltﬁﬁﬁWH’Jmlﬁﬂﬁﬁﬂ‘TLLiﬁﬁﬂLlﬂﬁﬁ'lﬁlx‘l‘l]@ﬂﬂﬂlﬂ@%ﬁ?ﬁ 2

Adw A o
NUTAULUNUNDIADT 1.000 mm.

I i | B Folom | P
(V) | asani1 | afen2 | afe3 | aseh4 | aSens | (V) [ (N—mm) | )
25 | 185 1.90 1.95 1.80 185 | 187 | 187 | 1282
30 | 1.80 1.80 1.90 1.80 185 | 183 | 183 | 2591
35 | 1.90 1.95 1.80 1.85 190 | 1.88 | 188 | 4016
45 | 185 1.95 1.90 1.95 180 | 1.89 | 189 | 5.092
55 | 180 1.80 1.80 1.85 190 | 183 | 183 | 6412
65 | 1.90 1.90 1.85 1.85 190 | 188 | 188 | 6.606
70 | 185 1.80 1.90 1.95 195 | 1.89 |  1.89 | 6.666

Aundy 187 | 187 | 6.666

413 MsaANzEmmMaNuE ATz MaIve st

a o ' o a o 4
NITAUATIEHHINTIAITULT YN Y (Cz)) UAENIaNUDINBIABDT (P) SUTAAINANTT

v
e laaane 11T

d A 4
- AMwiFARuNenes (o)

NNAUAT Ve X))l /1~ 44 (4.1)

i 0.686
unua ¥, luaumsazla T Mg -
1x10
Oporor = 086 rad/s
- MaweIumes )
0 o Ct) FS
INANNTAAIAD P = i W (4.2)

Tagi s = 277

39171 Pes o2 o A2 . (4.3)
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_ (27r)- F _ (27)-r

12 18 p = - . (4.4)
t t
e F = L uaganmsniiaz ¢ = 1.22x10° N-m , 0 = 686 rad/s AILUNAIVDY
-
o o n Y a ;‘
NOINBTIZENINTDA LI AR
w ,
P=—=9c2rnf=720 .. (4.5)
!
P = T 0y, ™y, e (4.6)

P = ([.?.ZXIO_"‘N—m)(CSS(i md/.v)

P = 0837 W
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o a o 1 o ar Yy e 4 e a v Y
M dnszimamimad i tazdszaniaimveuaieanuia Wi Falunsnaaeuilld
o o 1 o y a o =
MINITNATO UV IALAZTIUIUTOUVDIUARAIA lUuAaziLesuAaIA i ATIZHNITAIIA

Thveunsesruiialulih

42.1 msnaaaunsaanuiia i

1 < a a
|).ﬁ%”l\iﬁ‘l«l']ﬂﬂﬂlﬂﬂﬂﬁ?ﬂﬂﬁWuﬂlﬁ@ﬂﬂﬂ@ﬂllﬂﬂ'ﬂuLLﬂu'ﬂ’lﬂTﬁWﬂ’lﬁWﬂ “UH‘IﬂL'ﬁ?f,u

HIURUENEN 4 cm. 8717 1.7 om. 147U 4 ADEA fa31lil 4.3 azgUi 4.4

71/ 4.3 pamanuiuvaaIANoIAUIAIFURUAUIN AN 4 cm.
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Generator — [ Digital Multimeter ]
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M13197 4.3 LAAINANITIALAZMIMUIANIUIEANTAINVDIVARIAIUDS 28 TIUIU 800

09U
Opmotor (rad 1 5) | Vis(V) 1(4) Linotor W) | Poue (W) (%)
686 1.032 0.056 0.837 0.058 6.930
1386 1.432 0.060 1.829 0.086 4.702
2148 1.720 0.080 3.237 0.137 4.367
2723 2.344 0.089 4.493 0.208 4.629
3429 2.860 0.098 6.069 0.280 4.614
3533 3.296 0.104 6.395 0.342 5.348
3565 3.892 0.110 6.916 0.428 6.189
3821 4.248 0.113 8.062 0.480 5.954
3833 5.096 0.126 8.701 0.642 7.378
4012 5.736 0.131 9.910 0.751 7.578

A1519% 4.4 LAAINANTTALAZMTAIMIUNIUTEANTNINUDIVAAIAILDT 28 TIUIU 1200

39U
Opmotor (rad 1 5) | Vs (V) I(A) | Botor W) | Lou (W) n(%)
686 1.094 0.029 0.837 0.032 3.823
1386 1.384 0.030 1.829 0.042 2.296
2148 1.986 0.031 3237 0.062 1915
2723 2.724 0.034 4.493 0.093 2.069
3429 3.541 0.035 6.069 0.124 2.043
3533 4.324 0.035 6.395 0.151 2.361
3565 4.576 0.035 6.916 0.160 2313
3821 5.660 0.035 8.062 0.198 2.456
3833 6.502 0.035 8.701 0.228 2.620
4012 7.830 0.035 9.910 0.274 2.764
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A15197 4.5 LEAAINANITIALAZMTAIUINNIUTEANTNINUDIVAAIALLIDS 34 TIUIU 2400

01
Opotor (rad /s) | Vs (V) 1A | Pooror W) | Lo (W) 1 (%)
686 1.737 0.029 0.837 0.050 5.974
1386 2.705 0.036 1.829 0.097 5.303
2148 3.538 0.036 3.237 0.127 4.048
2723 4.980 0.035 4.493 0.174 3.873
3429 6.452 0.035 6.069 0.226 3.724
3533 757 0.037 6.395 0.280 4378
3565 8.803 0.036 6.916 0.317 4.584
3821 9.726 0.037 8.062 0.360 4.465
3833 12.110 0.037 8.701 0.448 5.149
4012 14.040 0.036 9.910 0.505 5.096

A15190 4.6 LAAIHANTTIALALMIAIUIUMILTZANTNINUDIVAAIAIIDF 34 T1UIU 3000

90U
Omotor (rad 1 s) | Vips(V) 1(4) Brotor W) | Fore V) (%)
686 1.752 0.026 0.837 0.046 5.496
1386 2.819 0.031 1.829 0.087 4757
2148 3.678 0.032 3223 0.118 3.762
2723 5.265 0.034 4.493 0.179 3.984
3429 6.807 0.034 6.069 0.231 3.806
3533 8.217 0.034 6.395 0.279 4.363
3565 9.450 0.034 6.916 0.321 4.641
3821 10.483 0.033 8.062 0.346 4292
3833 13.150 0.034 8.701 0.447 5.137
4012 15.303 0.034 9.910 0.520 5.247
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210° 49 30° 7/ -398.315 | -56.902 18.75 -1.066
240° 56 30° 7 -288.585 | -41.226 18.75 V772
2707 63 30° 7/ -109.729 | -15.675 18,75 -0.293
300° 70 30° 7, 109.729 | 15.675 | 18.75 0.293
330° 77 30° 7 288.585 | 41.226 18.75 0.772
360° 84 30° 7/ 398315 | 56.902 18.75 1.066
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Data Sheet For Smm Super White LED — 5A3 Series Angle 15°

Class: I
Features
o Standard T-1 Diameter Type Package.
o General Purpose Leads
° Reliable and Rugged

Absolute Maximum Ratings at Ta=25C

Parameter MAX. Unit Package Dimensions
Power Dissipation 100 mw P
Peak Forward Current _ - o il “’”jl <2 5.;8(. =
(£1/10 Duty Cycle, 0.1ms Pulse Wide) T A 198, 196)
Continuous Forward Current 20 mA ; M 3.7(.343{
Derating Linear From 50°C 0.4 mA/°C | I j
Reverse Voltage 5 v A\ o Ao
Operating Temperature Range -40°C to +80°C 0.5(.02) ° __ 7 T

. Storage Temperature Range -40°C to +80°C 2 546 et 1
{_i;dms(ﬂlg?rli)ngrl';m&egg]ture 260°C for 3 Seconds N 1.5(.3.51.»“;\;

Electrical Optical Characteristics at Ta=25°C

Luminous Intensity Viewing
Part Number Lens color Seurce, pees) Fon;?{d:/ggﬁqg: Y Angle
Color at Ir = 20mA (Note 5) = Deg
Min. Typ. Max. Min. Typ. Max. (Note 6)
WWO5A3SWI4-N Water Clear White | 10600 | 13800 --- --- 3.2 4.0 15°
Reverse Voltage = 5V Reverse Current = S0pA
Notes:

1. All dimensions are in millimeter.

2. Tolerance of measurement is £0.25mm(.01") unless others otherwise noted.

3. Protruded resin under flanges is 1.0mm(0.4") max.

4. Lead spacing is measured where the leads emerge from the package.

5. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE eye-response curve.
Tolerance of measurement of luminous intensity is £15%

6. By is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

' It use many parameters that correspond to the CIE 1931 2°

Tolerance of measurement of angle is +5 degree

7. Caution in ESD: Static Electricity and surge damages the LED. It is recommended to use a wrist band or anti-electrostatic
glove when handling the LED.All devices, equipment and machinery must be properly grounded.

8. X,Y, and Z are CIE1931 2°values of Red, Green and Blue content of the measurement.
Color Coordinates Measurement allowance is (.01

9. Specifications are subject to change without notice.



5 Diagram

0.9

0.7 - .y

06

02

0.1

0.6 0.7 0.8

0.3

0.4 0.5

b4
* Color Coordinates Measurement allowance 1s = 0.01

Color Ranks (Note 8)
a0 al bl b2
0.256 | 0.226 | 0.255 | 0.278 0.278 |1 0.255 [ 0.274 | 0.292 | x | 0.282 | 0.274 | 0.305 | 0.308 0.308 | 0.305 | 0.33 | 0.33
0.191 1 0.191 | 0.248 | 0.23 0.23 10.248 ] 0.286 ]| 0.255 | y [0.273]0.286 | 0.33 ] 0.309 0.309] 033 | 036 |0.332
b3 b4 c
0.292]0.282 | 0.308 [ 0.313 0.313(0308] 033 | 033 | x | 033 | 0.33 | 0.385] 0.38
0.255 1 0.273 | 0.309 | 0.285 0.285 ] 0.309 | 0.332 [ 0.307 | v [0.307 | 0.36 | 0.395 | 0.368

Color Coordinates Measurement allowance is 10.01




Typical Characteristic for Super Bright White LED

Forward Current vs.
Chromaticity Coordinate ( A D)
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CAUTIONS- Super Bright White LED

Becaus2 the White LEDs are make by combining Blue LEDs and special phosphars. Hence, the color of White LEDs is changed a little by an operation current. Care should be taken after due consideration wi
using LEDs.

(1) Lead Forming
e @ At least 3mm from the base of the epoxy bulb should be keep when forming leads.
b Do not use the base of the leadframe as a fulcrum during lead forming.
Lead forming should be done before soldering.
e Because the stress to the base may damage the characteristics or it may break the LEDs, do not apply any bending stress to the base of the lead
d When mounting the LEDs onto a PCB, the holes on the circuit board should be exactly aligned with the leads of the LEDs. Stress at the leads should be avoid when the LEDs are mounted on the Pt
because it causes damage to the epoxy resin and this will degrade the LEDs,

(2) Storage
a The LEDs should be stored at stored at 30 C or less and 70%RH or less after being shipped and the storage life limits are 3 months.
b. If the LEDs are stored more then 3 months, they can be stored for a year in a sealed container with a nitrogen atmosphere and maisture absorbent material.
G Please avoid rapid transitions in ambient temperature, especially, in high humidity enviranments where condensation can occur.

(3) Static Electricity

Static electricity or surge voltage damages the LEDs.

It is recommended that a wristband or an anti-electrostatic glove be used when handling the LEDs.

All devices, equipment and machinery must be properly grounded.

It is recommended that measures be taken against surge voltage to the equipment that mounts the LEDs.

Damaged LEDs will show some unusual characteristics such as the leak current remarkably increases, the forward voltage becomes lower, or the LEDs do not light at the low current.
Criteria: (VF>2.0V at IF=0,5mA)

pooow

{4) Heat Generation
a. Thermal design of the end product was most importance. Please consider the heat generation of the LED when making the system design.
b. The thermal resistance of the circuit board and density of LED placement on the board, as well as other components was the important factor affecting the coefficient of temperature increase per in
electric power. It must be avoid intense heat generation and operate within the maximum ratings given in the specification.
<, The operating current should be decided after considering the ambient maximum temperature of LEDs.

(5) Cleaning
a it is recommended that isopropyl alcohol be used as a solvent for cleaning the LEDs. When using other solvents, it should be confirmed beforehand whether the solvents will dissclve the resin or 1

Freon solvents should not be used to clean the LEDs because of worldwide regulations.

b. Do not clean the LEDs by the ultrasonic. When it is absolutely necessary, the influence of ultrasonic cleaning on the LEDs depends on factors such as ultrasonic power and the assembled conditi
Before cleaning, a pre-test should be done to confirm whether any damage to the LEDs would occur.

(6) Safety Guideline for Human Eyes
a In 1993, the International Electric Committee (IEC) issued a standard concerning laser product safety (IEC 825-1).Since then, this standard has been applied for diffused light sources (LEDs) as well :
- lasers.In 1998 IEC 60825-1 Edition 1.1 evaluated the magnitude of the light source.
« b In 2001 IC 680825-1 Amendment 2 converted the laser class into 7 classes for end products.
c Components are excluded from this system. Products which contain visible LEDs are now classified as class 1. Products containing UV LEDs can be classified as class 2 in cases where viewing ang
are narrow, optical manipulation intensifies the light, and/or the energy emitted is high. For these systems it is recommended to avoid long term exposure. It is also recommended to follow the |
regulations regarding safety and labeling of products.

(7) Soldzring Condition for LED Lamps
a Carelul atiention should be paid during soldering,
b. Solder the LED no closer than 3mm from the base of the epoxy bulb. Soldering beyond the base of the tie bar is recommender.
¢. Recommender soldering conditions

Dip Soldering Soldering
Pre-Heat 120°C Max Temperature 350°C Max
Pre-Heal Time 60 seconds Max Soldering 3 seconds Max
Solder Bath 260°C Max Time No closer than 3 mm from the
‘Temperature Position base of the epoxy bulb,

DEPI’E“&' Ti“"‘“_ 10 seconds Max
Dipping Position No lower than 3 mm from the base of

the epoxy bulb,

d. Do not apply any stress to the lead particularly when heated.

The LEDs must not be repositioned afier soldering.

Adfter soldering the LEDs, the epoxy bulb should be protected from mechanical shock or vibration until the LEDs return to room temperature.

Direct soldering onto a PC board should be avoided. Mechanical stress (o the resin may be caused from warping of the PC board or from the clinching and cutting of the leadframes. When it is absolutely necessary. the LEDs m
he mounted in this fashion but the User will assume responsibility for any problems. Direct soldering should only be done alter testing has confirmed that no damage, such as wire bond failure or resin deterioration, will oceur,
Wab Wang LEDs should not be soldered directly to double sided PC boards because the heat will deteriorate the epoxy resin,

When it is necessary to clamp the LEDs to prevent soldering failure, it is important to minimize the mechanical stress on the LEDs.
Cut the LED leadframes at room temperature, Cutting the leadframes at high temperatures may canse failure of the LEDs.

8B) Others
( a. Care must be taken to ensure that the reverse voltage will not exceed the absolute maximum rating when using the LEDs with matrix drive. Keeping the Normal Forward to 20 mA.
b. The LEDs described in this brochure are intended to be used for ordinary electronic equipment (such as office equipment, communications equipment, measurement instruments and houset
appliances). Consult Wah Wang's sales staff in advance for information on the applications in which exceptional quality and reliability are required, particularly when the failure or malfunction of
LEDs may directly jeopardize life or health (such as for airplanes, aerospace, submersible repeaters, nuclear reactor control systems, automobiles, traffic control equipment, life support systems
safety devices).
IF

- V-VF
4s IF=Y-VE
CvE Rx
V .
c. User shall not reverse engineer by disassembling or analysis of the LEDs without having prior written consent from WahwWang. When defective LEDs are found, the User shall inform Wah W;

directly before disassembling or analysis.
d. The formal specifications must be exchanged and signed by both parties before large volume purchase begins.
e. The appearance and specifications of the product may be modified for improvement without notice.



RS201 THRU RS207

GOOD-ARK

SINGLE-PHASE SILICON BRIDGE
Reverse Voltage - 50 to 1000 Volts
Forward Current - 2.0 Amperes

Features

@ Surge overload rating - 50 amperes peak

e Ideal for printed circuit board

@ Plastic material has Underwriters Laboratory

Flammability Classification 94V-0
e Mounting Position: Any
® Lead: Silver plated copper lead
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D
DIMENSIONS
Inchas mm
DIM Nole
Min. Max. Min. Max,
A 0.504 - 12.8
B 0.75 - 19.0
c 0.683 - 17.6
D 0.25 - 6.4
E 0.125 - 3.2
F 0.18 - 38
G 0.32 Typ. 0.8 Typ. [

Maximum Ratings and Electrical Characteristics

Ratings at 25°C ambient temperature unless otherwise specified. Resistive or inductive load, 60Hz.

For capacitive load, derate current by 20%.

Symbols RS201 | RS202 | RS203 | RS204 | RS205 | RS206 | RS207 Units
Maximum repetitive peak reverse voltage Virsd 50 100 200 400 600 800 1000 Valts
Maximum RMS bridge input voltage 4 25 70 140 280 420 560 700 Volts
Maximum DC blocking voltage Weh 50 100 200 400 600 800 1000 Volts
Maximum average forward rectified output current
at T,=50C o 48 Ampe
Peak forward surge current, 8.3mS single
half sine-wave superimposed on rated ?aad lesu 50.0 Ampe
Maximum forward Voltage drop per bridge element
at 1.0A peak LS Ve 1.0 Vot
Maximum DC reverse current at rated | 10.0 &
DC blacking voltage per element n g i
Maximum DC reverse current at rated | 1.0 mA
DC blocking voltage per element T,=100C R :
Operating temperature range T, -55 to +125 .2
Storage temperature range Tof¥ -55 to +150 G




RATINGS AND CHARACTERISTIC CURVES
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MOTORO LA Order this document
SEMICONDUCTOR TECHNICAL DATA by BD136/D

BD136

_ ] . BD138
Plastic Medium Power Silicon BD140

PNP Transistor BD140-10

... designed for use as audio amplifiers and drivers utilizing complementary or quasi
complementary circuits.

e DC Current Gain — hpg =40 (Min) @ Ic = 0.15 Adc 1.5 AMPERE
e BD 136, 138, 140 are complementary with BD 135, 137, 139 POWER TRANSISTORS
PNP SILICON
45, 60, 80 VOLTS
10 WATTS

CASE 77-08
TO-225AA TYPE

MAXIMUM RATINGS

Rating Symbol Type Value 1 Unit
Collector-Emitter Voltage VCEO BD 136 45 Vdc
BD 138 60
BD 140 80
Collector-Base Voltage VcBo BD 136 45 Vdc
BD 138 60
BD 140 100
Emitter—Base Voltage VEBO 5 Vdc
Collector Current Ic 1.5 Adc
Base Current B 0.5 Adc
Total Device Dissipation@ Tp = 25°C Pp 1.25 Watts
Derate above 25°C 10 mW/°C
Total Device Dissipation @ Tg = 25°C Pp 12.5 Watt
Derate above 25°C 100 mW/°C
Operating and Storage Junction T Tstg —55 to +150 °C
Temperarture Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 8¢ 10 °C/wW
Thermal Resistance, Junction to Ambient oA 100 °C/W

REV 7

@ MOTOROLA
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BD136 BD138 BD140 BD140-10

ELECTRICAL CHARACTERISTICS (T¢ =

25°C unless otherwise noted)

Characteristic Symbol Type Min Max Unit
Collector—Emitter Sustaining Voltage* BVCEO Vdc
(Ic =0.03 Adc, I3 = 0) BD 136 45 —
BD 138 60 —
BD 140 80 —
Collector Cutoff Current IcBO nAde
(Vcg = 30 Vdc, Ig = 0) _ 0.1
(Ve =30 Vdc, IE=0, Tg =125 °C) — 10
Emitter Cutoff Current IEBO — 10 pAde
(VBE = 5.0 Vdc, I = 0)
DC Current Gain s
(Ic=0.005 A, VCE=2V) ALL hrg* 25 —
40 250
(Ic=015A,Vgg=2V) ALL
BD140-10 63 160
(Ic=05A,VCE=2V) 25 —
Collector-Emitter Saturation Voltage* VCE(sat)" - 0.5 Vde
(Ic = 0.5 Adc, Ig = 0.05 Adc)
Base-Emitter On Voltage* VBE(on)* — 1 Vde
(Ic = 0.5 Adc, VcE = 2.0 Vdc)
* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
10
50 A
[ 0.1 ms |
= o Jin 8 —r
= 20 5 ms BN, &.5 msois N F
Z 10 N
L G — ~ N
& e, )7 /1 255C e e
pregoeE— ~
&~ AR
QOC 0.2 NN
Il NN
E'a,j 0.1 =
o 005
) BD136 NG
0.02 BD138 =
BD140
0.01 3 .
1 2 5 10 20 50 80

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 1. Active—Region Safe Operating Area

Motorola Bipolar Power Transistor Device Data




BD136 BD138 BD140 BD140-10
PACKAGE DIMENSIONS

[=B-] NOTES:
¢—-— U F ‘ - [~ C 1. DIMENSIONING AND TOLERANCING PER ANSI
e Y14.5M, 1982,
Q r,r b M E 2. CONTROLLING DIMENSION; INCH,
]
f i il [=A= INCHES MILLIMETERS
LLI H DIM| MIN_| MAX | MIN | MAX
* ~273 Y | A | 0425 | 0435 | 1080 [ 11.04
A B | 0295 | 0305 | 7.50 | 7.7
C | 0095 | 0105 | 242 | 266
H D | 0020 | 0026 | 051 | 066
K F | 0415 [ 0430 | 293 | 330
G | 0094BSC 230BSC
! H | 0050 | 0095 | 127 | 2.41
J | 0015 | 0025 | 039 | 063
K | 0575 | 0.655 | 14.61 | 16.63
\; > J M 5° TYP 55 TYP
Q [ 0148 | 0158 | 376 | 4.01
G —> l«— R R_| 0045 | 0055 | 1.15 | 1.39
S | 0025 | 0035 | 064 | 088
S|€f}| 0.25 (0.010)® | A® | B ®I U | 0145 | 0155 | 369 | 3.93
D2 pid v [ood [ — 102] —
STYLE 1:
FBI 0.25 (0.010)® | A ®| 2 ®I PIN1. EMITTER
2. COLLECIOR
3. BASE

CASE 77-08
TO-225AA TYPE
ISSUE V

Motorola Bipolar Power Transistor Device Data



BD136 BD138 BD140 BD140-10

Motorolareserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi~SPD-JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE (602) 244-6609 ~HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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Order this document

SEMICONDUCTOR TECHNICAL DATA by BC327/D
Amplifier Transistors
PNP Silicon BC327,-16,-25
Bc328,-1 6,-25
COLLECTOR
1
2
BASE
3
EMITTER

MAXIMUM RATINGS 2,
Rating Symbol | BC327 | BC328 Unit
Collector—Emitter Voltage VCEO —45 -25 Vde CASE 29-04, STYLE 17
: TO-82 (TO 226AA)

Collector-Base Voltage VcBo -50 -30 Vdc

Emitter—Base Voltage VEBO -5.0 Vdc

Collector Current — Continuous Ic —-800 mAdc

Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mwW/°C

Total Device Dissipation @ Tg = 25°C Pp 1.5 Watt
Derate above 25°C 12 mwW/°C

Operating and Storage Junction TJ: Tstg —55to +150 °C
Temperature Range

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Rpua 200 °C/w
Thermal Resistance, Junction to Case RaJc 83.3 °C/wW
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ I Max I Unit
OFF CHARACTERISTICS

Collector—Emitter Breakdown Voltage V(BR)CEO Vdc
(lc=-10mA, Ig=0) BC327 -45 £= —

BC328 =25 — —

Collector—Emitter Breakdown Voltage V(BR)CES Vdc
(Ilc =—100 uA, Ig=0) BC327 -50 — —

BC328 -30 —= —

Emitter—Base Breakdown Voltage V(BR)EBO -5.0 — — Vdc
(IE=-10 pA, Ic = 0)

Collector Cutoff Current lcBO nAdc
(Vep=-30V, g =0) BC327 — — ~100
(V\cp=-20V,Ig=0) BC328 - — -100

Collector Cutoff Current ICES nAdc
(VCE=-45V,VBg =0) BC327 - — —~100
(Vcg =-25V, VRg = 0) BC328 — - -100

Emitter Cutoff Current IEBO — — -100 nAdc
(VEB=—4.0V, Ic =0)

© Motorola, Inc. 1996
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BC327,-16,-25 BC328,-16,-25

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued)

Characteristic Symbol Min | Typ I Max ’ Unit I
ON CHARACTERISTICS
DC Current Gain hFE —
(Ic =-100 mA, Vg =-1.0 V) BC327/BC328 100 — 630
BC327-16/BC328-16 100 — 250
BC327-25/BC328-25 160 — 400
(Ilc =—-300 mA, Vcg =-1.0V) 40 — —
Base—-Emitter On Voltage VBE(on) — — -1.2 Vdc
(lc =-300 mA, Vcg =-1.0V)
Collector—Emitter Saturation Voltage VCE(sat) — — -0.7 Vdc
(Ic =-500 mA, Ig =-50 mA)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Caob — 1" — pF
(Veg==10V, IE =0, f= 1.0 MHz)
Current—Gain — Bandwidth Product fr — 260 — MHz
(g =—=10 mA, Vg =-5.0 V, f = 100 MHz)
= 0 — = i —= &
g5 0T——nDp=0§ ="
% 0.5 ! r — =1
= O ettt L -]
=Z 02 0.1 L T ]
T 0.05 — Bl — 8yclt)=() 6,c
e 012 as: S P“"i | | | 0, = 100°CIW MAX 3
g 007 0.02 = SINGLEIF—'IUI i P —— Al =rt) B G
N & 0.05=" W5 am ty By = 375°CIW MAX 1
TE 0.03 0.01 et ulilil D CURVES APPLY FOR POWER
S A~ SINGLE PULSE 2 PULSE TRAIN SHOWN
= 0.02 = DUTY CYCLE, D =ty/t READ TIME AT t
= TJ(pk) = Tc = P(pk) 8Jc(t)
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Figure 1. Thermal Response
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Figure 2. Active Region — Safe Operating Area Figure 3. DC Current Gain
2 Motorola Small-Signal Transistors, FETs and Diodes Device Data



BC327,-16,-25 BC328,-16,-25
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BC327,-16,-25 BC328,-16,-25
PACKAGE DIMENSIONS

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
—= A l-— B Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
i Y 3. CONTOUR OF PACKAGE BEYOND DIMENSION R
-+ 1S UNCONTROLLED,
R i 4, DIMENSION F APPLIES BETWEEN P AND L.
Y DIMENSION D AND J APPLY BETWEEN L AND K
T p A MINIMUM, LEAD DIMENSION IS UNCONTROLLED
e i IN P AND BEYOND DIMENSION K MINIMUM.
F
ERLIEG - _*_ K INCHES | MILLIMETERS |
DIM| MIN | MAX | MIN | MAX
I D A [ 0175 | 0205 | 445 | 520
’ B | 0470 | 0210 | 432 | 533
D C | 0125 | 0165 | 3.18 | 4.19
X @ J D | 0016 | 0.022 | 041 | 055
G F | 0016 | 0019 | 041 | 048
f G | 0045 | 0055 | 1.45 | 139
H H | 0095|0105 | 242 | 266
SECTION X-X J | 0015 [ 0020 | 039 | 0.50
_’1 v |“— C K | o500 | — [ 1270 | —
:l—‘F L o250 — | 635 | —
N | 0080 | 0105 | 204 | 266
1 N P| — o010 — | 25
R| 015 | — | 203 | —
N 4—T Vo015 | — ] 343 —
aTvLE 17.
CASE 029-04 PIN1. COLLECTOR
2. BASE
(TO-226AA) 3. EMITTER
ISSUE AD

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals" must be validated for each customer application by customer's technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE: Motorola Literature Distribution;

P.O. Box 20912; Phoenix, Arizona 85036, 1-800—441-2447

JAPAN: Nippon Motorola Ltd.; Tatsumi—SPD-JLDC, Toshikatsu Otsuki,
6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0@email.sps.mot.com - TOUCHTONE (602) 244-6609 ~ HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
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51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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SEMICONDUCTOR TECHNICAL DATA

Order this document
by 2N3055/D

Complementary Silicon Power

Transistors

.. . designed for general-purpose switching and amplifier applications.

e DC Current Gain — hpg =20-70 @ I = 4 Adc

¢ Collector-Emitter Saturation Voltage —
VCE(sat) = 1.1 Vdc (Max) @ Ic = 4 Adc

» Excellent Safe Operating Area

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector--Emitter Voltage VcEO 60 Vdc
Collector—Fmitter Voltage VCER 70 Vdo
Collector-Base Voltage VeB 100 Vdc
Emitter-Base Voltage VEB T Vdc
Collector Current — Continuous Ic 15 Adc
Base Current g 7 Adc
Total Power Dissipation @ Tg = 25°C Pp 115 Watts
Derate above 25°C 0.657 Wi/°C
Operating and Storage Junction Temperature TJ Tstg —65to +200 26
Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 1.52 °C/W
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Figure 1. Power Derating

Preferred devices are Motorola recommended choices for future use and best overall value.

© Motorola, Inc. 1995

NPN
2N3055*

PNP 4

MJ2955

*Motorela Preferred Device

15 AMPERE
POWER TRANSISTORS
COMPLEMENTARY
SILICON
60 VOLTS
115 WATTS

CASE 1-07
TO-204AA
(TO-3)
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2N3055 MJ2955

NPN PNP
2N3055 MJ2955
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Figure 3. DC Current Gain
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Figure 4. Collector Saturation Region
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Figure 5. “On” Voltages
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