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Monitoring and Protection System for 3@ Induction motor
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Abstract

Protection of induction motors is very important since they are widely used in
industry for many applications due to their high robustness, reliability, low cost and
maintenance, high efficiency and long service life. So, protecting these motors is crucial -
for operations. This paper present s a combined protect ion approach for induction
motors. To achieve this , the electrical values of the induction motor were measured
through a data acquisition card and processed with soft ware developed in LabVIEW .
An on line protection system for induction motors was achieved easily and effectively.
The experimental results have shown that the induction motor was protected against the
possible problems faced during the operation. The software developed for this
protection provides flexible and reliable media for operators and their motors. It is
expected that the motor protection achieved in this study might be faster than the
classical techniques and also may be applied to larger motors easily after small

modifications of the software.
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2.1 Measurement System Component
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Sensor/Transducer
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Signal Conditioning
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Sensor Electrical Characteristics Signal Conditioning Needs
Thermocouple Resistance output Cold-junction compensation
Low voltage output High amplification
Low sensitivity Linearization

Nonlinear output

RTD Resistance output Current excitation
Low resistance (100 ohms typical) 4-wire/3-wire configurations
Low sensitivity Linearization

Nonlinear output

Thermistor Resistance output Voltage or current excitation

High resistance and sensitivity Reference resistor

Drastically nonlinear output Linearization
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Sensor Electrical Characteristics Signal Conditioning Needs
IC Temp. Sensor High level voltage or current | Power source
output

Moderate gain

Linear output

Strain Gauge Resistance output Excitation
Low resistance Bridge configuration
Very low sensitivity 3-wire connection
Nonlinear output Linearization
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2.1.3 Signal Refference
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Reference Ground
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2.1.4 Type of Signal Source
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2.1.5 Type of Measurement System
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1.  Differential Measurement System
2. Referenced Single Ended (RSE) Measurement System
3. Nonreferenced Single Ended (NRSE) Measurement System

Differential Measurement System
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CHAE- O————————
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AGND

Eﬂﬁ 2-7 Differential Measurement System



Referenced Single End (RSE) Measurement System
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gﬂﬁ 2-8 Referenced Single End (RSE) Measurement System
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2.1.8 Device Voltage Range
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2.1.9 Signal Voltage Range (Limit Setting)

Limit setting Aaf1 Maximum W&z Minimum Voltage 28d8IMAI192¥iNN13I0
m3tdan Limit setting lanndasanniila inazili gnsol DAC mwnsalduslombanms
uag291e anirisiu gﬂ@ia"lﬂf:u,ammﬂfqﬂnmf ADC WUl 3-bit §IMTURQYIH Sine Wave
TagfSpufisumsld Limit Setting 0 ©9 10 volts Uaz 0 9 5 volts 311 IwnsAns 0-10
volts gunsal DAC azldnulumyiniindayaiiiss 4 FosrnAealy 8 129 luvmeidusls 0-5

d‘: ) v o L o > o ] v A !
volts 113 8 Tavazldh lulFom Mlddygrahldgndasnniu

10.00 111
8.75
75 110
101
6.25
V 5.00 L
' N\ 011
3.75
\ 010
2.50 — -
\ / 001 Limit Settings 0 to 10V
1.25 \
0.00 000

10.00
8.75

75
6.25
V 500
3.76F——L e\

4 \ 1
250 \ -1
1.25 A 4

0.00

\\

|

i
bl

Limit Settings 0 to 5V

D

QIO
OO

311 2-13 m3lFguUniol ADC uuw 3-bit SMTUFY YN Sine Wave



25

b 74
2.1.10 e 1soNdMIUNISIREANIAIA Y IMIET DAQ

ngrasmadanmassdyan s Afevlild resolution Wgefiga uazd range o
Tus9838aM MIEaN resolution Wgaﬁqﬂ Warbiimansn amedumadsuudasld
ﬁﬁqm Eannsmsm M aUEsuiasfiaseduld %‘%ajﬁ'ﬂﬁ‘uluﬁn%a%ﬁa'h Code Width
lagld gums

Device Range

G ail’l x 2resolution

Code Width =

Taslugun3#t Gain azidunmsnsnieaasmedyaio lasdnfaziimuaday
Software filH1u Driver va9gUnyol DAQ WiadmiugUnysiuwLzANIITWITAAS Gain

16310 LabVIEW

§0819LT% Device Range iy 10 V uazld auninf ADC uuy 16-bit uazad

Gain 190U 1 1713216 Code Width 10w

Code Width = lls =0.15 mV.

1x

flusaTafimdasnInmuihsyanawadisaziu Unipolar w38 Bipolar 13U

o {a } ' . A . =
Unipolar nanafiadqyansiilgaalusas o volt fissuansmnils 1w 0 9 5 Volt Tuutiz Bipolar
winpfaffigasegsswitaufiouan 1w -5 V i 5 V deiufalild Code Width fitinas aasez

I~ _— . P X A 9 . Aad
Laan Limit Setting AmanzauanAwinela Resolution NG9



26

2.1.11 Sampling Theorem
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8319 Resultant airgap flux %38 Q
ag
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Qs Qs

AV o 2 I @ w ¢ ar 9 &
mmomaugamvlm ‘ﬂx‘ifﬁ&l'}iﬂL"UEluﬂ'ﬂllﬁ&lwuﬁ"ﬂadLL‘N@]uﬂE]uL’U']vL@]ﬂdu

V.=E.*I.(R.+/X) (2.28)

= [} & Y = =Y a J P 6
%WﬂﬂﬂHQLL&JLﬂaﬂVLWWW WAULINUALNAVUNNBLADIND

To=kil,@,5ind (2.29)

Toy 6 AayuaanaTzning uILARauLNIrAnIINLIALS (Rotor mmf) WA Resultant

$ ﬁl o : =3 J d’ a ;
airgap flux sunsusadan Wil Aifiedud Stator LIuash

E.=k.f¢, (2.30)

{ : o : =) ‘2’ d’ { =
LasLTIARaw IR Aiein AlAaTwh Rotor LilaRa1TuINg Stator

E.=R.I.+SX.I, (2.31)

wazluanzivaineinyulugieanuind weRsanand u Rotor azwudn Rotor
Leakage Reactance 3:fif11asndi Rotor Resistance 41n @ A0 slip frequency A9N&17 ¥in
lﬁqmm o ﬁmlnﬁtﬁmguﬁ gannazlannusunuivainszus Ir uaziwssbadiaRo oy e

uama%guﬁmmmﬁ'sﬂna

I~ k3¢ugSf (2.32)
T.=k, ¢; Sf (2.33)

Ay oA

wazlunsdanudilawdn f Serfine wazlifanawas Series Impedance 113 Stator

Vi~E.~k. /0, (2:34)



2.3.6 amasliinarslinuuaiaad (input power-electrical) fivnsor laann

Pi = 3V][1cos¢l
AuaaaNaILaINaLALAa S (stator copper loss)
2
P..,=3LR

Amas Wi nInelinulsieasi(ptor input power across air gap)

Ry

L

P,=31
gy \FoINaaNaILafi lsiaai(rotor copper loss)
2
P..=3LR,=sP,

frasWinfiaanainlsiaas(rotor output electromagnetic power)

P.=P,~P..,=0-9P,

Aussdauaiinan Wil electromagnetic torque)

fad Wi fisanainuaiaas(output power mechanical power)
P0=Pe—Pr

Aussdiavasuaiaasi(output torque)
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(2.35)

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)

(2.41)

(2.42)
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2.3.7 msunsilszinnaasuasiaasinityi aina

vaLaannfienin 3 W ulsaemin 4 Yszian @e class A, B, C uaz D udas
Yszian %:ﬁqmﬁnwm:ﬁtmn@mﬁu T@lﬂr‘imum‘fuﬁnnamﬂijﬁmﬂ‘%'aarl"ﬁ”lwﬂnmmma
(National Electrical Manufacturers Association ; NEMA)

1. yoLaa¥ class A yalaad UsziAniill anudumuuasseslsineien nszumsun
| (starting Currentazlifngsunn Watulnandufiesfisnsdsinm (s<0.01) wunzA U
G‘faommsaﬁm’%'wqm‘ﬁ

2. uaLaas class B uamai‘ﬂs;mwi{ﬁﬁLLsoﬁﬂLLa:nszLLa‘lwﬂﬁL'%Iwaqlulus:ﬁuﬂn?\
#1 speed regulation soesulnaniudisn (nfsinin 5%) LL&:LLS\‘)ﬁﬂL’é&lG’fuﬂ&Ju 1w 150% w89
ussDafinne

3. yaLaaf class C vawAay Yssianil ﬁ]:ﬁttsoﬁﬂﬁuﬁuﬂ&guganiﬂ 2 UsziAnuIn

L4 1
o A

ns:LLaL‘%uﬁumuaglus:ﬁuﬂna wanaINRHINufian Sip vucilvaaduRnasinin 0.05
gvusdaluaunyulszanm 200% yarnne vateatusmianit lesuniseanuuuliisurinen
~ ] []
pouziilnandaat
4. ¥aL983 class D walaa’ vH aillid1 Slip uszeusbalsuduryugs uad
nazua IWTud Uy udaudnaen ayunmzdulnandadl slip g9 dszEntmnlag’sedin
& A
valnatlszinma w 9
fnsznaumalasaianimikuaiaasiniioaiudss class ﬁqmﬁnwmnmn@i
(% . ' a 1 ' o °
nMufifamssenuuy (Design) winsTiuadidsznauiugiivvedlsined 59 NEMA fnua

LUDHBRTaAE W 1Y aag



claszs €

311 2-32 uuadun class 619 9

class B

class P
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unn 3

aasgmilzuaznsadsszuuiihszisuazlosnunaiaasidfnioni 3 v

3.1 damvuazasnaiaas IMfmiteiianasgin NEMA

luiifiaznanidetasmuadn 9 Aidsadastunisihluldlulasenui lag
BanlFnuvaieasiWihiniisni 3 @ sielaeesuuunsinszsan
341 UTIARIFNW ATV NEMA 1827 [MG 1-10.30]30Uus e HIaINaLAas
Imanone finnufiliu 50Hz daaLrinfiu 220 uas 380 volts
312a0Al50m  MNANATIIWIEY NEMA 1aafi (MG 1-10.31]awflFnuaaanasgu
fwuafi 50 Hz
313 Aanassey  AWANaTINYad NEMA Landl [MG 1-10.32.4] g}mnwmaﬁ 2.1

60-Hartz 50-Hartz

HP Synchronous Rpm Synchronous Rpm
1:2 —_ — — 808 728 820 G514 — — — 758
3z — — 1268 538 725 800 515 — — 1688 758
1 — 1888 1208 258 722 838 512 — 1558 1668 758
1-12 3500 1833 1248 18] Tes 838 512 1563 1248 750
2 2808 1808 1208 &0e 728 828 512 1588 1088 750
k] 3848 188C 1200 828 726 625 513 1566 1608 788
g 3850 1858 124G 06 28 808 514 15C8 1008 750
712 3820 1800 1208 i 728 6¢3 512 1568 1282 750
& 3800 1800 1208 gag 72¢ 844 514 15063 1282 758
15 385C 1800 12085 1184 28 808 S1s 15¢5 1888 783
2¢ 2600 1880 1248 $56 728 &G0 514 1556 1008 750
pd 3800 1800 1288 846 728 80 512 1588 1038 750
X 2800 1858 1208 8§00 728 82s &1¢ 1538 £og 750
Ll ki 183G 1288 f114] 728 8CC E1s 1588 1258 788
G 28CC 1808 1285 883 726 [S64 214 1858 jtied 758

Q- [~ Q- lﬂl

ANNRILRZANDEN ]

=n.
=

= =
A1719N 3-1 ANULIITAY
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Letter Classification Temperature ( °C )
A 105
B 130
F 155
H 180

®15191 3-2 s:ﬁuqmﬂgﬁmammwma: class

3.1.4 amnpf1n  AIWNNAITINTEI NEMA  1aafl [MG  1-10.38]Hmualw
fusnafidansldnueylusdulafiu 40 °c lunsdnldiidarimuadu 9 awnsnuds

wnnfauclfnusesrasia audssinnuasawIniildanuuiasgin IEC 60085 LRAIAT

3.1.5 5031AINARIALAT B HYDILTIAK ANINATIINYBI NEMA L7 [MG 1-
12.44 1] Sananuemanaauuadusian aasluifin £ 10 % yasRnALTITHINATinNVARRA

3.1.6 §A5IANIARONTDINTEUE MUNINTIIUVEI NEMA 1a9fi [MG 1-12.47]
Wonalaaiiuiifinausies AvannuiussAnaiids swantzuai nadusiaainas
aaaLaaowlliAY £10% 289NITUERRNY

3.4.7 wsoanldomlaianags Muu1asT MBI NEMA 18271 [MG1 - 12.45] n3dh
Heiaussu Wi fiasliuaieafinis i Wiuwoy 3 wa  FeldRssudezdonadanisld
nrzug i luseaaliaesuazaiaiaaslaitinuwua? Lwiﬁoﬁﬂﬁtﬂas‘t%uﬁns:tmvlwﬂwﬁ"lﬁauqa
ﬁLﬁﬂﬁumwzﬁmgo 6 89 10 LmtfimﬁﬂuﬁuLﬂai%u@fmamwaﬁu"lwﬂﬂﬁhifm@la LRZHAVDINNT
gy Fendanulnihen IR wwhliAannuiousasawmiuuasiifnadoaignsldam
vasuataeiwilasass uazmaifiausanlisugafszilivndavaweiaadiniaaasda 1

=3 ~

WsIrNTwaNS el InaafuAnanaclid1aaaia e
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o (< % 1 o =
3.1.8 msmuummLﬂaﬁﬁzsm{usmumﬂﬂuauqa nMIguImAnd asigue
LLsoﬁu‘lw*Nw‘hiauqaﬁ'uiﬁgnﬁmumhU NEMA larmuainmladan dntasiduaussanlWiag
a ' A o @ a & Y ' P
mmmugofgm:mwLwa'lﬂLLWawmnummmuvlwﬂﬂmaﬂm 3 WWEWITOAL AR

w39 IR 3 e s sndswilugunisesaa b

%VUB:ﬁwxloo (3.1)
avg
VatVitV
— Y ab ¥V be ¥V e 3.2
V g 3 (3.2)
\ila Y'Us ﬁauJais‘ﬁuﬁumé‘u‘lﬂﬂﬂﬂauqa
V - a P ’
avE faussnnlWihiadsszniaa (v)
me: dev. a "’VL = ' 1 A o
- ABLIINU wﬁﬂmmmuqoqmzmmwa MNFRUINU
E’:ra-.vg
Vo VoV @ausssuszninans )

L] } 4 »
3.1.9 mstiadinsasamugiizasnatnasiniuitasananngussanlniials

A ° A & A e F = & a &L a &
ﬂ&lqa L;JallaL@ﬂﬂwﬁ’]ﬂ’]\]’]uﬂlﬂNWﬂﬂI%aﬂ LiJait‘nuﬂﬂ’lﬂwumuﬂlaoqmﬂguﬂ’mlu&lEJLG]E]S

~ (3

0 a a ' 4 v v oy a ' v
(/6&?) ﬁ]:llwaﬁnﬂus\]ﬂu\lwﬂ’]\lllﬁll@lﬂ ‘UGﬁ’]ll’]SﬂﬂS:ﬁJ’]mﬂ’]vLﬂL'ﬂ’]ﬂuaaﬂlﬂ’]ma\]ﬂqlﬂﬂglsﬁuﬂ

Ltsoﬁu‘lwﬂﬂajauqamnﬁﬁoaao FIanuTOLEa La LuRNNIINIse b

%AT = 2><(%VUB)z (3.3)

Tasdaisunsn 3 muamtﬁunmwé’ogﬂﬁ 3-1
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o a U =Y dl v oa J <t/ dl s
mmumsﬂs:mmmqmuguqaqwﬂaulmﬂmu‘lmawam a?’lvlﬁwLuaamﬂmmquimuvlvdﬂﬁ

hiz«mqammmmvlﬁmﬂaumsﬁwi 2l

AT
Tn':e,unb = Tri:e,rale x [1 + m] (3'4)

r-1 o i J -~ R ]
tla T ‘ = gunN AN W Rasnussaw Wi lisuaa
rise,unb q (1] a 3

T.... = Anegunnlgigavasawinianuninsanivld duaaaluaised 1

9

3
a

= P A
%AT = Lﬂai‘muﬁmnwmumaaqmwguluuamaﬂvdﬁw

200
5
R 180 R S e S48
S 160 >
i 140 v
g 120 /’
g 100 %
£ 30 e

60 e

/

£ 7
- L~
g ]
¥ 1
[-%

o

0 1 2 3 4 5 6 7 8 9 10

Percent voltage unbalance, % VUB

a ¢ & & a & a &
31N 341 mwlLﬂaSLmuﬂmnwwumaaqmwgmawamas

Wounuasigue aausaé’u‘lﬂﬁﬂﬂauqa
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o H [=f [
3.2 agﬂﬁ’an’muﬂﬁ‘h’ﬂﬂuwamnmm“lumsminmaaa

321 aaspuneaainfausodussauliuliiin +10%asiususnldim

1alugusean 342 ~ 418 V

322 weguvasauuanlisugs  wildanaunif 2.34 uaz 2.35 i

aam%uvlﬁmaas:ﬁummhiawqa"l;iﬂ'mﬁu 5 %

3.2.3 ﬁmﬁ'iﬁ:é'uqmugﬁﬁwmmmummyumn Nameplate 2893 8La030 b
Tumsnaaasduuataasnltaninlu Class B aengamnlianuansem 2.2 ﬂuqmuqﬁ"lﬁgoqﬂ
130 °C ﬁqmunuﬁ'l’ﬁ'muiﬂmau‘hitﬁu 40 °C uatNaltlunisnarauszuy I niudasan

qmmﬁﬁamaaumﬁaﬁ 50 °C inafNazldmunsanamauldasnigzain

324 IEAUNTTURVAINBLABIANNIAIPINABI LA £10%  NnRAANTEUET

Nameplate azunaunsaldnulalugionszua 3.06 ~ 3.74 A
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UNN 4

msa%’wsxuui]aaﬁ'mmzmiﬂﬂaauixnn

a1 qilnsnﬁtta:*ﬁaﬂﬁtn%ﬁiﬂum‘mmaao

411 soeasliniiaasia 3@ Mitsubishi 1aRRA 1.5 KW Delta
[Star 220/380V 4 P / 50 Hz / 1430 RPM / Winding Isolation Class B "%\‘lﬂ\lﬂt@l as‘mﬁ:mﬁn
ﬁaﬁa:gnlﬁﬂu vataasnazauszvuiEhsztauazlasnuenuionis lasazlsuainas
witsnheail lumsiuetassdia Ininszuaase iadiaasannzlusmedunsami
navasuaLaasmitsh lasduainafiniiaai ﬁ]:ﬁﬂéu'a’g@ﬁ'ﬂqmﬂgﬁ‘lumﬂmﬂammaf
mfwLRsT BT NaLAa sniE ATa9YausseulEnu nrzualduluantizeng
9 snnmianaineshidhgnizuiunmsszuianadaly
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gi.lﬁ 4-1 3Q Induction motor

4.1.2 Micro Project Data Acquisition Broad 7@ DAQ Broad ’gﬂ‘f:l.ﬂuﬁ’a
Urz1aHaFYYIMIINTAATIIIAA 9 lavinisfass 1 luszuy vinwifiuaung
L"Tiamia{l’agaszufiwszuumaﬁ@ ganuguuaiaaiiWiuazninveuaains las DAQ
Broad éillsznaudianasa /O PORT 30 Bit \3ansauu Block Header 111 10 PIN
Y95% 4 Channel uazwaiasUFLaNmMamFan 1w1a 10 BIT 14w 13 F09 Sudasdaya
sTwiauatanuLaasnauRaasiin Full Speed USB port type B ( USB 1.1, 2.0 )
3895UMIIBUHI% MPUSB\DAQ Toolkit for LabVIEW
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gabspaiissreriifl

311 4-2 Data Acquisition Broad

41.3 PLC Omron model CPM1A qﬂﬂ‘mf Programmable Logic

ar v° 2/ i s ' o & o i o A4 o
Controller mﬂmumﬁLﬂuq@ﬂﬂﬂmwsmawaamuaLﬂaﬂwﬂﬁmﬂmm TIN PLC 32

183ufygrman DAQ  Broad lunidifilissdanisiiaanuifonisdasinaiaad

o ° [ a ' Ada a A a ~ °
e R nilaisssean mu‘lummwmeumaﬁqmﬂuuamaﬂwﬂwmumm

a:l%’msmuqumnﬂu Push button NMaLanLyinw
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511 4-3 PLC Omron CPM1A

4.1.4 LM 35 Temperature IC Sensor \Ju9asmudmivldlunisaiala

amvndifisuiumineaieioaidos lavdn output fildazligmwilwidadun + 10.0

9 U

i A‘ ! o~ 1 = “‘: 1
mV damufindusesgmngiinn 9 1°C lasawnmalfldluiugunnioud -55° &

4 o Y o a [y A o ar A
+150°C 9387 IC ﬁﬂ:gﬂﬂﬂvli‘lu’ﬂﬂajﬂuﬂbﬂagﬂ\’@’]uﬁjua:ﬂ’lEl LWﬂﬂqﬂquﬂqmﬁﬂuﬁ

U

wRswladluasnainasinitonin
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317 4-4 ugay LM35 fafidumibamauasinouaieas

415 1a03297a09aK 3 A  Usznausondauas 2202 vV ¥ianns
WaassauusIgwlWi#en VN, VN, Vo-N 220Vac 1#inda 2vac wasannsiusin
Lméfu‘lvﬂﬂﬁmu’gmwsﬁmm:LLaLLumﬁuﬂﬁ'u (Full-wave rectifier) thavinnsusuliiin
wwauldi  nazusass dmindatweiasusnanmuasuesa DAQ sely

5N 4.5 UFAITANTIIAUTIAUNI 3 WG
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220/2V
————
L1-N 3
— L | DAQ
Broad
220/2V
L2-N 3{
—_— L DAQ
Broad
22042V
—y
L3-N 3
SR L |DAQ
Broad

gﬂﬁ 4-6 'stmao’gﬂmni'ﬂl,l.soﬁu

4.1.6 qamﬂﬁﬂns:ua 1% ACS712 Hall effect sensor @iam&nsm:wjn
wnssssuTIsuiudnataeTINRImite i e AiTeszdunszualWiuasen
wataef lawgunyal ACS712 TRdanunszualéfis=fu 20 A. Fyanoussdu Output 97N
61 ACS712 azilpuutas 100 mv dann 9 MIRNNTERARAINTIUR 1 A H9
FYLNHIIITUIEY Output 71ldaNea ACST12 Bwdndudasriunsnsesfygnlwd

ANUGEY favazdatnunasaawfanaaivasa DAQ siatl

A Qr L
3UN 4-7 qﬂmmfmnszuﬂﬂ old ACS712



Cave

Current INPUT s

8
P+ vee

7 Vour : DAQ
P+ VIOUT

Analog channel
I ACST712
. Ct
Output to 3} ip- FILTER| T

Motor Hip-
GND

311 4-8 awsmaaqﬂmmi'ﬂnmmiﬂﬂh’f ACS712

4.2 \lﬁEl:llﬂi&lllﬁ:')di)i‘ﬂadﬂ’ﬁ‘nﬁa80

3 phase
power input

U

Current g voltage
measurement

&

Control and
protecti

3¢

AV

[1°3

winding temperature

gﬂﬁ 4-9 laazunsuninasas
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4

Qutput to PC

+
—> -
output form DAQ

511 4-10 NIIMTIALezUTzN8HA



69

4.3 a3 LabVIEW w3a Laboratory Virtual Instrument Engineering Workbench

dulysunsufififaguzsedinesins tasasliadaalionaeiniosdfiidnas
N93IAINTIN TIFWTOUFNNAVaIMTIRAIWINTIea Ui sadrauRiaas
1o SansdsmunsadsznanauazlisgnasisianBanlafisiwualadndqs lufidl
3 (-4 [ 3 ar AHW o ar @ o
mazhaawiwiinldlumsdsznanadygia input AldangaaraiauasIdsygio
Output urigdnysl PLC Havhnsdaaeasiigs lunsdnifiadaulyassdennudesvas

= :i. a J ] a ﬂi' ]
anuRsmefisnafialudasinaiaasiniiaih

LabVIEW SignalExpress

3UN 4-11 usaamsldranriuag LabVIEW Lﬂuqﬂﬂsrﬁﬂ%aoﬁai’ﬂu,a:mqu



4.4 Visual Display L8210 03R AN B UNLEAIE HUNIDNW
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feu dauls FanLol MIBUIOTUE
1 UHAWNT Ay Van AR
2 USIAULNE By Van AN
3 UM Cy Ven ANRY
4 NIZUFNT A Ia ANEY
5 nszuang B s AN
6 nszuENg C e AR
7 gamniiaamnanri T AR
8 AUANTVARINATUTNE T, ANRY

9 U

@19191 4-1 adunanunINavasRsnsaiuwinae Visual Display
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45 A151991A91TIRAINLANIDS TVadnataasuisilasniTfainasaudsh

WRAIUU Visual Display

No. RILNQ VAN VBN VCN A B IcC T1 T2
1 YARIAWF A 14 N N N 0 N N
2 2ARNE B 919 N N N N N N
3 AR C 119 N N N N N 0 N N
4 ldinzuglWfanuvssiiodaA < SN SN 0 >N > N N
5 lifnszuglWihanunsssewgs SN < SN >N 0 > N N
6 lifnzuglWwihanunsdsinawlac <N <N < =N =N 0 N N
7 AN IaA99s e A . - . > <N <N N N
8 WAN1Iaa995 e B * * * N > <N N N
9 \HanIan9slwne C - - * <N <N > N N
10 iaussautinluing A > N N >N >N >N N N
11 faussawiunluing B N > >N =N > N N
12 Waussauiuluna C N N > 2N 2N > N N
13 INausIauan g A < N N <N =N > N N
14 \ausIauanluing B N < N >N <N >N N N
15 \aussauaniung C N N < >N 2N < N N
16 wsaaumiulung A uaz B > > N >N >N >N N N
17 wsaawiuluing B uaz C N > > >N >N >N N N
18 usaamiiulung A uaz C > N > >N >N >N N N
19 WSITWAUTILNE A, B, C > > > >N >N >N N N
20 WIIGUANTMWE A Uz B < < N <N <N >N N N
21 WIIeuANlWE B Uaz C N < < >N <N < N N
22 wieuanluwWa A uaz C < < N >N <N <N N N
23 usaeuanlwng A, B, C < < < >N >N >N N N
24 yataasltnwmAuRnanas <N <N <N > > > > >
25 2UUIZLNBANUTOBUNWIDY N N N N N N > >

~ a '3 ' P a & .+ o & o ¢ 4
AT NN 4-2 UATIEVRANMUUNNIN NN VUA 2AIVDLADTIINMIIFILNANIIDLU R UL LRIV

ulsand 9
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maaGTaLLﬂsﬁﬁﬂmwnﬁ@lugﬂu,m_l"lwa‘ Excel nianUszasdfiinaainisli

F2UUBONIN T RN 89N AN NLFIRIBUED LIHIGBINITIH FIVIIDAIIVROY

RONWNIDIYI BT aINaLeas MR ldaaaatIan NIRRT NI TR e

o a ! o ar 3 1) ¥ s v ro] tdl
uuﬁnwwswmaﬁfmummummaaumwwsmmai‘uuu ﬂaunau"lmaa@nm lunsm‘n

FOIMINTIUENIUZANI G HTAUNSI

4.7 nadauszuutidiszisuaziosnn

~ [ s & o A =
4.7.1 NAFAUANNNEIATIVDINITATIIGAULIIAY ﬂqiﬂﬂaﬂuuﬂquaLlﬁﬂuLﬂUU

IdrvadussduiWifiinsiuldainuinee visual Display 1 fianugndaausiugn

Wssle TagvhmaSsuifisunudrfsulanniadesliadafildnasprwduisauiy

L s Van Ven Ven
IAATIN adfigmle | dfiawld | afiemld | ddiemls | dmawld | erfewls
4 . . 4 . . 4 . .
nneTeda | nwihee | neFesia | anmhee | anedesia | anwihae
1 195.16 196.11 195.52 195.41 195.37 196.12
2 200.32 201.5 200.74 201.15 200.58 202.12
3 205.09 205.22 205.56 205.89 205.57 206.21
4 210.17 211.13 210.19 21113 210.32 211.03
5 215.38 216.01 215.27 215.81 215.24 214.92
6 220.49 220.40 220.05 221.32 220.26 221.73
7 225.28 225.81 225.09 226.25 22512 225.91
8 230.33 230.72 230.66 232.14 230.33 231.09
9 235.04 236.12 235.03 236.21 235.12 237.10
10 240.34 240.41 240.83 242.91 240.17 241.03

A15191 4-3 LS pufisuuTIduIEnINNd N leaNNNTa % Volt meter

nudnfignulaannniinaa visual display
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1]
=3

wWisuifisuirdeanizualWihingwldanninee Visual Display wi Sanagndas

[l o ~ o <4 = a
LL&]‘H»EI"ILWENIG] Iﬂ gyinnisfIsutheuny

]
o

drfiduldnniedesfietafilduasgmiud
HONT
Ia lg I
Tanail afigwld | aifiemld | afewmld | afidwld | afidmld | dfenuld
R y . y 4 . .
INLATDIIN IMNAUIID AINLATDIING IMNRUIID | IINLNIBIG ITMNAUIID
1 1.7 1.643 1.5 1.534 1.6 1.639
2 1.5 1.44 1.6 1.643 2.00 210
3 1.8 1.64 2.00 2.01 1.4 1.45
4 2.00 2.07 1.3 1.455 1.7 1.639
5 2.00 2.04 1.8 1.91 1.5 1.57

15197 4-4 LFaufsunsEuaszninemfA laaInn1saIs Amp meter

ar

uenfigwlaanwuiinee visual display
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8
o

47.3 ‘ﬂ(ﬂﬂa‘Uﬂ')']llLLﬂuﬂWmadﬂﬂiﬂi’)ﬁli‘ﬂqmﬂﬂﬁ nInagauiviniie

Lﬂ%ﬂmﬁzm'i'wh’uaqqmwgﬁﬁmémﬁﬁmnwﬁwa Visual Display %% daaugneiag

*
9

windudssla laavnmsuSsuifisunudrfgmlaaniadeslotanlauasgruind

% ' 19
s o = o 1A

paNIU Gagmnniniatusuasual udnnaieeiudniufinnady 9 vn 10 wfiiduas

1 glu
T1 T2
Jantof Anfigmlaan dfiemldan | afiewldan | dmsmlden
\aaiar ni3e \Sesiar wihae
1 31.9 33.425 31 33.665
2 37.7 39.23 37.6 40.16
3 42.3 44 .97 414 45.69
4 49.7 52.66 474 49.77
5** 54.7 56.75 50.1 563.62

A15191 4-5 1UTHULABULTIORTENINENT LN I87% Thermometer

s ’ d‘ 1 b g Ld . N
Ausfisnulaanuiiee visual display
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4.7.4 nagauszuuilaanuanuFonis 1un1sinassgnnzyainNuiadnaf

= ! 1} s d' s 3/ 1] L7 a
anaziialudamuaiaasiniien laouseaulfnuwuuudis 9 udniufinuases

ool Ve | o ] Ve |l | Ve | e |0
ﬂ%ﬁﬁ MInen
1 197.76 1.1 221.05 1.9 220.91 1.7 Cut off
2 242 49 2.1 220.94 1.3 220.33 17 Cut off
3 220.04 1.7 197.90 14 22173 1.9 Cut off
4 220.12 1.6 242 26 22 219.82 1.4 Cut off
5 219.85 1.9 221.87 1.6 197.42 1.3 Cut off
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4.4.5 Tayn log Miutinkulisunsu Microsoft Excel Tunniznuainas

g ol R

El' o o [ lﬂl a v v A
R T ST LR TS T@]Ummmsnm‘mammnlummuﬁnmagavlﬂ TITaNRNL I UN

U

v & & 6 o a a 6 a a & ' a 6 W as sl
T Tudszlamidmsuldlumsimnzsddamiiisdudaaiuainasdownasladn

a8 mnéﬁazmmﬁasTmai'mLfJumsﬂ'uﬁmTaga 30 A33MHIa7 20 WA

Time VA VB veC IA 1B IC Temp 1 Temp Speed Alarm

21:10:45 | 219.8593 | 220.4991 | 221.1868 | 1.63964 | 1.63964 | 1.915506 { 3558944 | 36.55132 | 1498.999 | Normal

21:11:01 | 220.1321 | 220.4991 | 220.9141 | 1.63964 | 1.915506 | 1.63964 | 36.56132 | 36.55132 | 1498.999 | Normal

21:11:31 | 219.8593 | 220.7747 | 221.7322 | 1.63964 | 1.63964 1.63964 | 36.556132 | 37.03226 | 1498.999 | Normal

21:12:01 | 220.9503 | 220.7747 | 221.7322 | 1.63964 | 1.915506 | 1.63964 | 36.79179 | 37.5132 | 1498.999 | Normal

321:12:31 221.223 | 220.4991 | 220.9141 | 1.63964 | 1.63964 1.63964 | 37.27273 | 37.75367 | 1498.999 | Normal

| 21:13:01 | 220.9503 | 220.4991 | 220.3688 | 1.63964 | 1.63964 1.63964 | 37.75367 | 37.75367 | 1498.999 | Normal

21:13:31 | 221.223 | 221.0502 | 220.0961 | 1.63964 | 1.63964 | 1.915506 | 37.75367 | 38.2346 | 1498.999 | Normal

21:14:01 | 221.4958 | 220.7747 | 220.3688 | 1.63964 | 1.63964 1.63964 | 37.75367 | 38.2346 | 1498.999 | Normal

21:14:31 | 220.9503 | 220.7747 | 220.0961 | 1.63964 | 1.63964 | 1.915506 | 38.2346 38.2346 | 1498.999 | Normal

21:15:01 | 221.223 | 220.4991 | 219.8234 | 1.63964 | 1.63964 1.63964 | 38.2346 38.2346 | 1498.999 | Normal

21:15:31 | 220.9503 | 221.0502 | 220.3688 | 1.63964 | 1.63964 1.63964 | 38.2346 | 39.67742 | 1498.999 | Normal

21:16:01 | 221.7685 | 220.7747 | 220.0961 | 1.63964 | 1.63964 1.63964 | 39.19648 | 39.91789 | 1498.999 | Normal

21:16:31 | 221.4958 | 221.0502 | 220.3688 | 1.63964 | 1.915506 | 1.63964 | 39.19648 | 40.15836 | 1521.433 | Normal

21:17:01 § 221.223 | 221.3257 | 220.3688 | 1.63964 { 1.63964 | 1.915506 | 39.91789 | 40.15836 | 1498.999 | Normal

21:17:31 | 221.4958 | 221.0502 | 220.3688 | 1.63964 | 1.63964 1.63964 | 39.91789 | 40.6393 | 1498.999 | Normal

21:18:01 | 221.4958 | 221.3257 | 220.6415 | 1.63964 | 1.63964 | 1.915506 | 40.15836 | 41.12024 | 1498.999 | Normai

21:18:31 | 221.4958 | 221.3257 | 220.3688 | 1.63964 | 1.63964 1.63964 | 40.15836 | 41.12024 | 1498.999 | Normal

21:19:01 | 221.7685 | 221.3257 | 220.3688 | 1.63964 | 1.63964 1.63964 | 40.87977 | 42.32258 | 1498.999 | Normal

21:19:31 | 221.223 | 221.0502 | 219.8234 | 1.63964 | 1.63964 1.63964 | 41.12024 | 41.3607 | 1498.999 | Normal

21:20:01 | 221.4958 | 221.3257 | 220.3688 | 1.63964 | 1.63964 1.63964 | 41.3607 | 42.32258 | 1498.999 | Normal

21:20:31 | 221.4958 | 221.3257 | 220.3688 | 1.63964 | 1.63964 1.63964 | 42.32258 | 42.32258 | 1498.999 | Normal

21:21:01 | 221.4958 | 221.3257 | 220.3688 | 1.63964 | 2.007462 | 1.63964 | 42.32258 | 42.56305 | 1498.999 | Normal

21:21:31 | 221.4958 | 221.3257 | 219.8234 | 1.63964 | 1.63964 1.63964 | 42.32258 | 42.80352 | 1521.433 | Normal

21:22:01 | 221.4958 | 221.6013 | 220.3688 | 1.63964 | 1.63964 1.63964 | 42.56305 | 43.04399 | 1498.999 [ Normal

21:22:31 | 221.4958 | 221.3257 | 219.8234 | 1.63964 | 1.63964 1.63964 | 42.56305 | 43.28446 | 1498.999 { Normal

21:23:01 | 221.7685 | 221.3257 | 220.3688 | 1.63964 | 1.63964 1.63964 | 42.56305 | 44.24633 | 1498.999 | Normal

21:23:31 | 221.4958 | 221.0502 | 220.3688 | 1.63964 | 1.63964 1.63964 | 42.80352 | 43.7654 | 1498.999 | Normal

21:24:01 | 221.4958 | 221.3257 | 220.3688 | 1.63964 | 1.63964 1.63964 | 43.04399 | 44.24633 | 1498.999 | Normal

21:24:31 | 221.223 | 221.0502 | 220.6415 | 1.63964 | 1.63964 1.63964 | 43.7654 44.4868 | 1498.999 | Normal

@191911 4-7 Tufindaya log 9nlsunsa MS-Excel




unn 5
agﬂﬂamsnﬂaaa
mnmsmaaummmma‘gﬂwamaom'smaanmo 9 1aasdalui

5.1 qmmsaa%'ﬂttsoﬁuTﬂﬂ1ﬁo 3 1la Worhdr A lanyinnstdSo s uaIu LA

AUE

250
240
230
220
210
200
190
180 r 7 g ; T T ¥ T : )

311 51 usaaulWH Vay

250
240
230
220
210

200 _/
190
180 T ¥ i T 7 7 p T 7 j

31 5-2 wsaeulnih Vay

250
240
230
220
210
200 -
190
180 T T g ; T g ; ; : |

gﬂﬁ' 5.3 us9au Wi Vey



78

widasiFuanuianalaiade

[(217.760—218.343)

VAN = ] 517.760 | X 100% = 0.266%
_ [(217.894-218.822)] _
Vo = |22 5 100% = 0.425%
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Vou = |22 720 5 100% = 0.421%
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Precision Centigrade Temperature Sensors

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is tinearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required {o subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of +14°C
at room temperature and *34'C over a full =55 to +150°C
temperature range. Low cost is assured by frimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or contro! circuitry especially easy. it
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in stili air. The LM35 is
rated tc operate over a =55 to +150°C temperature range,
while the LM35C is rated for a 40" to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
CSIBRES

“Case is cornected to negative pin (GND}
Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is alsoc avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

® Calibrated directly in * Ceisius (Centigrade)
m Linear + 10.0 mV/'C scate factor

0.5'C accuracy guaranteeabie (at +25°C}
Rated for full ~55° to +150°C range
Suitable for remote applications

Low cest due to wafer-ievel trimming
QOperates from 4 to 30 voits

Less than 60 yA current drain

Low seif-heating, 0.08°C in stiii air
Nonlinearity only +%.°C typical

Low impedance output, 0.1 Q for 1 mA foad

S0-8
Small Outline Molded Package
o/
Your 1! 81— +vg
NC.—§2 7 NC.
NC.—3 6 —N.C.
GND —1 4 5p—=N.C.
T8305516-2 ¢
N.C. = No Conregtion
Top View

Order Number LM35DM
See NS Package Number M08A



T0-92
Piastic Package

+¥§ Voyr GND

BOTTOM VIEW
CS035815-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

Typical Applications

+V¥s
{2V 70 20V)

SUTPUT
Lm35 0 mV+10.0m¥/°C

D8J)55163
FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

Absolute Maximum Ratings (ote 10)

i Mititary/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage +35V to ~0.2Vv
Output Voltage +6V to 1.0V
Qutput Current 10 mA

Storage Temp.;
TO-46 Package,
TO-92 Package,
S0O-8 Package,
TO-220 Package,

Lead Temp.:
TO-46 Package,
{Soldering, 10 seconds)

~60'C to +180°C
-60'C to +150°C
-65'C 10 +150°C
-65'C 10 +150°C

300°C

111

T0-220
Plastic Package*

O

LM
50T

gl U Vayur
ND
T5%05518-24
“Tab is connectec to the negative pin (GND).
Note: The LM35DT pinout is Giffersnt than the discontinued LM350P.

Order Number LM35DT
See NS Package Number TAG3F

+Vs
]
LM35 Vour
L 3~
-V
DSDX55154

Choose Ry = -Vg/50 LA

V our==1.500 mV at +150'C
= +250 mV at +25'C
= ~550 mV at -55'C

FIGURE 2. Fuli-Range Centigrade Temperature Sensor

TO-22 and TO-220 Package,
{Soidering, 10 seconds) 260°C

SO Package {Note 12)
Vapor Phase (60 seconds) 215'C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 2500V

Specified Operating Temperature Range: Tyun t0 T piax
(Note 2)

LM35, LM35A -55°C to #150°C
LM35C, LM35CA -40°C to +110°C
LM35D 0°C to +100°C
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Electrical Characteristics

{Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
{Note 4) {Note 5) {Note 4} {Note 5)
Accuracy T A=+25'C +0.2 0.5 0.2 0.5 ‘C
{Note 7) T o==10'C +0.3 +0.3 *1.0 C
T a=Tuax 0.4 £1.0 0.4 £1.0 'C
T a=Trne +0.4 +1.0 04 +1.5 °C
Nonlinearity T jan<T a<Thax to.18 10.35 10.15 0.3 'C
{Note 8)
Sensor Gain T mireSTaSTriax +10.0 +9.9, +10.0 +9.9, mvi‘C
{Average Slope) +10.1 +10.1
Load Regulation T A=#25'C +0.4 +1.0 +0.4 +1.0 mv/mA
{Note 3) 0<l, <1 mA T minSTasThaax 105 3.0 0.5 t3.0 mV/mA
Line Regutiation T 4=+25'C +0.01 +0.05 +0.01 +0.05 mviv
(Note 3) 4VsV <30V +0.02 t0.1 +0.02 t0.1 mviv
Quiescent Current V g=+5V, +25'C 56 &7 56 67 BA
{Note 9) V =45V 105 131 91 114 uA
V g=+30V, #25°C 56.2 68 58.2 68 HA
V g=+30V 105.5 133 91.5 116 BA
Change of 4V<Vg<30V, +25°C 0.2 1.0 0.2 1.0 BA
Quiescent Current 4V<V g<30V 0.5 2.0 0.5 2.0 BA
{Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 BASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 ‘C
for Rated Accuracy Figure 1,1_=0
Long Term Stability T ;=Taeax. for +0.08 +0.08 C
1000 hours
Electrical Characteristics
{Notes 1, 8)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
{Note 4) {Note 5) (Note 4) | (Note 5)
Accuracy, T ,=+25°C +0.4 +1.0 +0.4 +1.0 C
LM35, LM35C TA=-10'C +0.5 +0.5 +1.5 C
{Note 7) T a=Taax +0.8 +1.5 0.8 ‘C
T a=Tonne +0.8 *1.5 +0.8 *20 ‘C
Accuracy, LM35D Ta=+25'C *0.6 %15 ‘C
{Note 7) Ta=Traax +0.9 +20 ‘C
Ta=Taine +0.9 +2.0 C
Nantinearity T aineSTafTheax 0.3 10.5 t0.2 0.5 C
{Note 8)
Sensor Gain T 1anSTa%Thaax +10.0 +9.8, +10.0 +9.8, mv/'C
{Average Slope) +10.2 +10.2
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Load Regulation T A=+25'C 04 2.0 +0.4 +2.0 mVimA
(Note 3) 01, <1 mA T asnST aSTraax t05 5.0 t0.5 +50 mV/imA
Line Regulation T a=+25°C 10.01 +0.1 +0.01 +0.1 mViiv
{Note 3) 4VsV <30V +0.02 0.2 10.02 +0.2 mviv
Quiescent Current V g=+5V, +25°C 56 80 56 80 pA
{Note 9) V g=+5V 105 158 91 138 pA
V g=+30V, +25'C 56.2 82 56.2 82 gA
V g=+30V 105.5 161 91.5 141 UA
Change of 4VVg<30V, +25°C 0.2 2.0 0.2 2.0 A
Quiescent Current 4V<V g<30V 0.5 3.0 0.5 3.0 UA
{Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 pASC
Cosfficient of
Quiescent Current
Minimum Temperature | In circuit of +15 +2.0 +1.5 +2.0 ‘C
for Rated Accuracy Figure 1, 1.=0
L ong Term Stability T s=Tpax: for +0.08 +0.08 ‘C
1000 hours

T
0'<T <+100°C for the LM33SD. Vg=+5Vdc and inap=50 LA, in the circuit of Figurs 2. These specifications also apply from +2°C to Tyax ¥1 the circuit of Figure 1.
Specificatiors in boldface apply over the full rated temperature range

Note 2: Thermal resistance of the TO-46 package is ¢00°CAW. junction to ambisnt, and 24°C/W junction to case. Thermal resistance cf the TO-82 package is
180°C/W jurction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient. Thermal resistarce of the TG-220 package
is 9O°C/W jurction to amblent. For acditional thermal resistance information see table in the Applications section.

Mote 3: Regulation is measured at corstant junction temperature, using pulise testing with a low cuty cycle. Changes in output cue to heating efects can be
computed by multiplying the internal cissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed anc 160% iested in production.

Note 5: Design Limits are guararteed {but not 100% procuction tested) over the incicaled temperature are supply voltage ranges. These limits are not used to
calculate outgoing guality levels.

Note 6: Specifications in boldface apply over the full rated temperature range.

Note 7: Accuracy is cefined as the error bebveen the output voltage and 10mv/"C times the cevice's case temperature. at specified conditions of voltage. cument,
ard temperature {expressed in "C).

Note 8: Nonlirearity is cefined as the deviation of the output-voltage-versus-{emperature curve from the bestfit straight line. over the device's rated temperature
range.

Note 9: Quiescent current is definec in the circuit of Figure 1.

Note 10: Absalute Maximum Ratings indicate iimits beyond which damage to the device may occur. DC and AC electrical specifications o riot apply when operating
the device beyong its rated operating congitions. See Note 1.

Note 11: Human body mocel, 100 pF discharged through a 1.5 k(2 resister.

Note 122 See AN-350 “Surface Mounting Methods and Their EFect on Product Reliability™ or the section titlec “Surface Mount” found in @ cumrent National
Semiconductor Linear Data Book for cther methods of soldering surface mount devices.

Note 1: Unless cthenwise noted, thesa specifications apply: -55'C<T <+180°C for the LM35 and LM33A; -40'<Y £+110°C for the LM35C and LM3SCA: and



Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Noise Voltage
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Applications The TO-46 metal package can also be scldered to a metal

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be giued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermai
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way {o do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are ail at the same tempera-
ture as the surface, and that the LM35 die’s temperature wili
not be affected by the air temperature.

surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounied inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any !C, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, tc avoid leakage and corrosion. This is especiaity true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and varnishes such
as Humisea! and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermai time constant
and speed up the response in siowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, {o give the steadiest reading despite small deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,0,,)

TOA46, TO-46%, T0-92, TO92**, $0-8 S0-8* TO-220
no hest small heat fin no heat smal heat fin no heat smati heat fin no heat
sink sink sink sink
T 400°CW 100°CAY 180°CH 140°CAN 220°CAy 90°CAY
Loving air 100°CA 40°CAN S0°CAY 70°'CAN 105°CAMY 28°CAV
SIEt o 100°CAN 40°CAY 30°CAY 79°CAW
Stired il 59°CAY 30°CA¥ 45°Ca 40°CAaY
{Clarmped o metal.
infinite heal sink; (28°CPoN (35°C/wWy

*axefield type 201, or 1" cisc of .02C" shest brass. soldered ta case. or similar.
**T0-92 and SC-8 packages glued and leads soldered to 1* sguare of 1/18" printed Circuit baare with 2 oz. foil or similar.



Typical Applications
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FIGURE 3. LM35 with Decoupling from Capacitive Load
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FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

tike most micrepower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
anticipated. it is easy to isolate or decouple the toad with a
resistor; see Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output te
ground; see Figure 4.

When the LM3S is applied with a 20002 load resistor as
shown in Figure 5, Figure € or Figure 8itis relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not cn the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its perfomnance can be affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring can act as a receiving antenna and its internal
junctions can act as rectifiers. For best results in such cases.
a bypass capacitor from V,y 1o ground and a series R-C
damper such as 75Q in series with 0.2 or 1 pF from output to
ground are often useful. These are shown in Figure 13
Figure 14, and Frgusre 16.

5v

o+

Youtr = 10 m¥/ L {Tampiewt +1°C)
8.8k 200 FROM +2°C TD +40°C

% S
Provmmmm o
+
A e
Z 20 TWISTED PAIR
7= 1%

CEGCEENE

AGURE 5. Two-Wire Remote Temperature Sensor
{Grounded Sensor)
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Yoyt =10 m¥/>C {Tameny +1°C)
FROM +2°C TO +40°C
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FOR GAIN ADJUST

S5055156

FIGURE 6. Two-Wire Remote Temperature Sensor
{Qutput Referred to Ground)
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FIGURE 7. Temperature Sensor, Singie Supply, -55" to
+150°C
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FIGURE 8. Two-Wire Remote Temperature Sensor
{Output Referred to Ground}
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FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)



Typical Applications (continued)

+Vs
{6V T0 20¥)
LiM3s
45.5k
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10k
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+1.0 mV/°F
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FIGURE 10. Fahrenheit Thermometer

FIGURE 11.

S3055:5-11

Centigrade Thermometer (Analog Meter)
L]
|
%
LM35

100 jA,

FIGURE 12.
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Fahrenheit ThermometerExpanded Scale
Thermometer

FULL-SCALE

4

(50° to 80° Fahrenheit, for Example Shown)
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FIGURE 13. Temperature To Digital Converter {Serial Output) (+128'C Full Scale)
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FIGURE 14. Temperature To Digital Converter {Parallel TRI-STATE ™ Outputs for
Standard Data Bus to uP Interface) (128'C Fuil Scale)
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Block Diagram
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TO-92 Plastic Package (Z)
Order Number LM35CZ, LM35CAZ or LM35DZ
NS Package Number Z03A
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OMmRrRonN.

Micro Programmable Controller CPM1A

The CPM1A series micro controllers solve both
basic and semi-complex applications. The brick
style models include AC inputs/relay outputs,
DC inputsftransistor or relay outputs to meet
your design requirements. The base 1/O for the
CPUs ranges from 10, 20, 30, and 40 1/O0
points with maximum expansion to 100 I/O.
Specialized expansion modules include mixed
analog /O, temperature sensor inputs and
serial communications

B 10, 20, 30 and 40 point /O CPUs
B Expandable up to 100 I/O points

B Peripheral communications port built in

B AC or DC input models
B Analog expansion modules available

B Temperature sensor input expansion
modules available

B Auxiliary 24 VDC supply (AC type only)
B Relay or Transistor outputs

B UL, CSA, CE approvals

Basic Configuration

Peripheral port Connecting cable

. (a)|—

CPM1-CIF01/CIF11 Serial
Communications Adapter

AC and DC power supply models:  Expansion ¥O Unit  Expansion 1/O Unit  Expansion O Unit
30-point CPU and 40-point CPU

only may be expanded up {6 a

maximum of 3 Units.



Ordering Information
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B CPUUNITS
Number of Inputs Outputs Power Part number
VO terminals supply Relay output Transistor output
Sink type Source type
10 6 DC points 4 points AC CPM1A-10CDR-A CPM1A-10CDT-A CPM1A-10CDT1-A
DC CPM1A-10CDR-D CPM1A-10CDT-D CPM1A-10CDT1-D
20 12 DC points | 8 points AC CPM1A-20CDR-A CPM1A-20CDT-A CPM1A-20CDT1-A
bC CPM1A-20CDR-D CPM1A-20CDT-D CPM1A-20CDT1-D
30 18 DC points | 12 points AC CPM1A-30CDR-A CPM1A-30CDT-A CPM1A-30CDT1-A
DC CPM1A-30CDR-D CPM1A-30CDT-D CPM1A-30CDT1-D
40 24 DC points | 16 points AC CPM1A-40CDR-A CPM1A-40CDT-A CPM1A40CDT1-A
DC CPM1A-40CDR-D CPM1A-40CDT-D CPM1A40CDT1-D
20 12 AC points 8 points AC CPM1A-20CAR-A — —
32 20 AC points 12 poinis AC CPM1A-32CAR-A — —
B EXPANSION IO MODULES
Bescription Max. number of | Inputs Qutpuss Part number
modules
20 1O points 3 max. 24 VvDC Relays CPM1A-20EDR
12 inputs, (SeeNote.) 15, Vbe Sinking transistors CPM1A-20EDT
8 outputs 24 VDC Sourcing transistors CPM1A-20EDT
8 inputs 24 VDC — CPM1A-8ED
8 outputs —_ Relays CPM1A-8ER
— Sinking transistors CPM1A-8ET
— Sourcing transistors CPM1A-8ET1

Nete: A maximum of 3 expansion modules can be used with the following CPUs: 30-point and 40-point with DC inputs; 20-point and

32-point with AC inputs.

B DEDICATED I/O MODULES

Description Max. number | Inputs Outputs Part number
of modules
Analog 1/O Module 3 max. 2 analog inputs 1 analog output CPM1A-MADO1
2 analog inputs (2 words)
1 analog output (1 word)
Temperature Thermocouple 3 max. 2inputs (Types Jand K} | — CPM1A-TS001
P%‘Ier:js?r Input inputs 1 max. 4 inputs (Types J and K) CPM1A-TS002
odules (See Note.)
'g—! .
= Platinum resistance | 3 max. 2 inputs (P1100, JPt100) CPM1A-TS101
i i thermomater inputs I3 o 2inputs (PY100. JPt100) | 1 analog output CPM1A-TS101-DA
1 max. 4 inputs (P{100, JP1100) | — CPM1A-TS102
{See Note.)
CompoBus/S 1O Link Module 3max. 8 bits 8 bits CPM1A-SRT21
8inputs and 8 outputs (Inputs from the Master.} | {Outputs to the Master.)
ﬂ Flat cable, 4-core, 0.75 mmZ; 100 m length SCA1-4F10
Twisted pair cable, 2-core, 0.75 mm2; available commercially Belden #9409 cable

Note: Only one CPM1A-TS002/TS102 Temperature Sensor Input Module can be connected to the CPU. If a CPM1A-TS002/102 is con-
nected to the CPU, only one additional Special /O Module (other than a CPM1A-TS002/102) or one Expansion KO Module can be

ccnnected to the CPU.
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Product

Description

Part number

Programming console

Hand-held programming console with cable attached, 2 m tength

CQM1-PROOI-E

Hand-held programming console with back light {cable not included)

C200H-PRO27-E

Connecting cable

Connects C200H programming console to peripheral port, 2 m length

C200H-CN222

Connects C200h programming console to peripheral port, 4 m length

C200H-CN422

B SUPPORT SOFTWARE

Product

Functions

Part number

CX-Programmer Jr.

Windows-based programming software; reduced instruction set
and networking commands. OS: Windows 95/98/NT

WS02-CXPC1-EJR-V2.0

CX-Programmer

Full programming software package programs micro, small and
larger controliers.

WS02-CXPC1-EV2.0

B COMMUNICATIONS ADAPTERS AND CABLES

cable length 2 m

Description Function Part number
RS-232C Converts data communications from peripheral port for CPM1-CiF01
adapter ; RS-232C devices.

RS-232C cable R8-232C to R8-232C; PC connection for program downioad; C200HS-CN220-EU

RS-232C to RS-232C for PLC communicaticn; cable length 2 m

C200H-CN320-EU

RS422/RS-485
adapter

Converts data communications from peripheral port for
RS-422/RS-485 devices.

CPM1-CIF11

B PROGRAM TRANSFER EQUIPMENT

Product

Description

Part number

Expansion Memory Unit

Unioads and downloads program and setup memory areas 1o and from
the controlier.

CPM1-EMUO1-V1

EEPROM (256 kbits)

Used with the Expansion Memory Unit

CPM1-EEPROM-EMUD1

B MANUALS
Product Description Part number
Operation manual CPM1A DC Input CPUs operation manual W37
CPM1A AC Input CPUs operation manual P12FAZ1
CPM1/CPM1A programming manual W353

Programming manual
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B GENERAL SPECIFICATIONS

output capacity

Input type DC input AC input
CPU type 10-point O | 20-point O | 30-point 1O | 40-point 10| 20-point 10| 32-point O
Power supply AC power supply | 100 fo 240 VAC, 50/60 Hz
voltage/fre-
quency DC power supply | 24 VDC —
Operating AC power supply | 85 to 264 VAC
voltage range I BC power supply | 20.4 to 26.4 VDC —
Power AC power supply [ 30 VA max. 60 VA max. 30 VA max. | 60 VA max.
consumption DC power supply | 6 W max. 20 W max. —
Inrush current 30 A max. 60 A max. 30 A max. l 60 A max.
External power Power supply 24 VDC
supply (AC only) | voltage
Power supply 200 mA 300 mA

nsulation resistance

20 MO min. at 500 VDC between the AC terminals and the protective earth terminal.

Dielectric strength

2,300 VAC at 50/60 Hz for one minute with a leakage cumrent of 10 mA max. between ail the
external AC terminals and the protective earth temminal.

Noise resistance

Conforms to IEC61000-4-4, 2 kV (power lines})
1500 Vp-p, pulse width 0.1 to 1 ps, rise time: 1 ns (via noise simulation}

Vibration resistance

10 to 61.2 Hz with an amplitude of 0.075 mm, and 57 to 150 Hz with an acceleration of 1.5 G in
the X, Y, and Z directions for 10 sweeps of ininutes each.

Shock resistance

147 mis? in the X, Y and Z directions 3 times each.

20 G the X, Y and Z directions
3times each.

Ambient Operating 0°C to 55°C (32°F to 131°F)
temperature Storage —20C to 75°C (4°F to 167°F)
Ambient Operating 10% to 90% RH no condensation
humidity

Ambient Operating With no corrosive gas
environment

Termminal screw size

M3

Power supply holding tme

10 ms min. for AC models, and 2 ms min. for DC models

Weight

AC models

400 g max. 500 g max..

600 g max.. 700 g max.

500 g max. 575 g max.

DC models

300 g max. 400 g max.

500 g max. 600 g max.

Note: The specifications of the Expansion O Modules are the same as for the CPU except that the power is supplied from the CPU and
the weight is 300 g.
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Input type DC input AC input
CPU type 10-point 1/O 20-point /O 30-point /O 40-point 1/0O 20-point VO 32-point /O
Control method Stored program method
1¢0 control method Combination of the cyclic scan and immediate refresh processing methods.
Programming language Ladder diagram
Instruction word 1 step per instruction, 1to 5 words per instruction
j’ypes gf Basic instructions 14 types
instructions Special instructions | 79 types, 139 instructions
Instruc'tion ) Basic instructions 0.72t016.2 us
execution time Special instructions | MOV instruction = 16.3 us
Program capacity 2,048 words
User data memory 1,024 words
Maximum KO | CPU only 10 points 20 points 30 points 40 points 20 points 32 points
points {6 input/ (12 input/ {18 inputs {24 input/ (12 input! (20 inpu¥?
4 output 8 output 12 output 16 output 8 output 12 output
points} points) points) points) points) points
With Expansion /O | — — Up to 80 Up to 100 Up to 80 Up to 92
Module points points points points
(54 input/ {60 input/ (48 input/ (56 input/
35 output 40 output 32 output 36 output
points) points) points) points)

Memory protection

Maintains the contents of the HR, AR, Counter and Data Memory Areas.

Memory backup Flash memory: User program, data memory (Read only) and PLC setup area are backed
up without a battery.

Super capacitor.  Data memory (Read/Write), holding bits, auxiliary memory bits, counter
values, error fog area are backed up by a capacitor for 20-days at an
ambient temperature of 25°C.

Self-diagnostic function CPU error (watchdog {imer). memory errors, IO bus errors

Program check No END instruction programming errors (constantly checked during operation)
Puise output 1point: 2 kHz

High-speed counter 1 point:  Single phase at 5 kHz or two-phase at 2.5 kHz (linear counting method)

Incremental mode: 0 to 65535 (16-bit)
Decrementai mode: —32767 to 32767 {(16-bit)

Quick-response inputs

Together with the extemal interrupt input {(minimum pulse width of 0.2 ms)

Input time constant

Can be set at 1 ms, 2 ms, 4 ms, 8 ms, 16 ms, 32 ms, 64 ms, or 128 ms.

Interrupt processing:
External interrupt

2 points (Re- [ 4 points 4 points
sponse time | (Response time of 0.3 ms max.)

of 0.3 ms

max.)

{Response time of 5 ms max.)

Analog settings

2 points: (0 to 200 BCD)

I VO ALLOCATION

Input bits

00000 to 00915; words not used for input or output bits can be used for work bits.

Cutput bits

01000 to 01915; words not used for input or output bits can be used for work bits.

Work bits {IR Area)

512: IR 20000 to IR 23115 (IR 200 fo IR 231)

Special bits (SR Area)

384: SR 23200 to SR 25515 (SR 232 to SR 255)

Temporary bits (TR Area)

8 TR0 TR7

Holding bits (HR Area)

320: HR 0000 to HR 1915 (HR 00 to HR 19)

Auxiliary bits (AR Area)

256: AR 0000 o AR 1515 (AR 00 to AR 15}

Link bits (LR Area) 256: LR 0000 toLR 1515 (LR 00 to LR 15)
Timers/Counters 128: TIM/CNT 000 to 127
100-ms timer: TiM 000 to TIM 127
10-ms timer: TIM 000 to TIM 127
Decremental counter, reversible counter
Data memory | Read/Write 1,024 words (DM 0000 o DM 1023)

Read only

512 words (DM 6144 1o DM 6655)
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Item

Specification

Input veltage

120 VAC/DC nominal, range 85 to 132

Input impedance

17 k2 AC @ 60z, 69k2 DC

Input current

72 mAAC, 1.7TmADC @ 120V typical for.
CPM1A-20CAR-A, Inputs 00 to 11
CPM1A-32CAR-A, Ch 0 Inputs 00 to 11 and
CPM1A-32CAR-A, Ch 1 Inputs 00 to 03

1.9 mAAC or DC @ 120 V typical for:
CPM1A-32CAR-A, Ch 1 Inputs 04 to 07 only

ON valtage 65 VAC/DC
OFF voltage 25 VAC/DC
ON delay 1to 128 ms max. Default: 8 ms (See Note.)
OFF detay 1to 128 ms max. Default: 8 ms (See Note.)

Circuit configuration

I——o"‘o—c lnput LED

470Q 680 r”j’"

H_H—‘,‘,‘, _L nvn*z’

< Internal

120 I\IAC TO' 15 uF> 22kQNY K-> ( circuits
5 00 nput LED

Pt nd

68 0 l—ﬁ

-0 OO AN ' !
120 VAC s22xax +,.. J_ g‘:gm"

CPM1A-20CAR-A
Inputs 00-11

CPM1A-32CAR-A
Inputs Ch 0: 00-11
inputs Ch 1: 00-03

CPM1A-32CAR-A only
Inputs Ch 1: 04-07

Note: Usingthe PLC Setup, 1, 2,4, 8, 16, 32, 64, or 128 ms can be selected. When INO000O through INOOGO2 are used as high-speed
counter inputs, the defays are as shown in the following table. Typically for AC inputs, the delay is set at the default, 8 ms.

Differential phase mode

Input Increment mode
INOOOOO {A-phase) 20 Hz 20 Hz
INOOOO1 (B-phase) Normat input

IN00002 {Z-phase)

ON: 5ms min.; OFF delay: 5 ms min.

CPU Unit BC Input

tem

Specifications

Circuit

Input voitage

24 VDC *10%]_y50;

Input impedance

INOOCO to IN0002: 2 k&2

Cthers: 4.7 kQ2

Input cumrent (typicat) INOOOO to INO0O2: 12 mA
Others: 5 mA

ON voltage 14.4 VDC min.

OFF voltage 5.0 VDC max.

ON delay (See Note 1}

1to 128 ms max.
(default: 8 ms) (See Note 1)

OFF delay {See Note 1)

1to 128 ms max.
(default: 8 ms) (See Note 1}

ot
+ Teo

4.7 kQ2

AAA

vy

47K 2

v

i
M s

P

s

Internal
Circuits

L

Note: The polarity of the input power supply can
either positive or negative.

1

[}

1

i

|
be

Note: 1.

The actual ON/OFF delay

includes an input constant of 1, 2, 4, 8, 16, 32, 64, or 128 ms {default: 8 ms).
2. When INOOOO to INO0OS are used for the high-speed counter inputs, the delays are as shown below:

Differeniial phase mode

input increment mode
INOOOO (A-phase) 5kHz
INO0O1 (B-phase) Normal input

2.5 kHz

INODO2 (Z-phase)

ON: 100 pus max. OFF: 500 ps max.

IN0O0O3 to INCOOG

0.3 ms max. (From the time of input ON until the interrupt subroutine is executed.)
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ltem Specifications Circuit
Maximum switching capacity 300 mA, 24 VDC *18%/ 50, Sink Type
{See Note 1) i P
; Output LED 1 ©
i
‘—Ph s
L eakage current 0.1 mA max. Internal
4 ouT 4
1| Cirouits 3 24VDC
[}
L 1 COM (-
T SN S, I — - O
Residual voltags 1.5V max.
Source Type
. Output LED
ON dslay 0.1 ms max. f_”—}
]
‘ internal 7
Circuits
1
OFF delay 1 ms max. {See Note 2) 1
Note: 1. The maximurn switching capacity of the CPM 1A with transistor outputs {sink type and source type) are limited to the currents

shown in the following table for the common and for the Unit.

Part number

Max. switching capacity

CPM1A-10CDT, CPM1A-10CDT1-A, CPM1A-10CDT1-D

0.9 AfUnit

CPM1A-20CDT-D, CPM1A-20CDT1-A, CPM1A-20CDT1-D

0.9 Alcommon; 1.8 A/Unit

CPM1A-30CDT-D, CPM1A-30CDT1-A, CPM1A-30CDT1-D

0.9 Aicommon; 2.7 A/Unit

CPM1A-40CDT-D, CPM1A40CDT1-A, CPM1A40CDT1-D

0.9 Alcommon; 3.6 A'Unit

CPM1A-20EDT, CPM1A-20EDT1

0.9 A‘common; 1.8 A/Unit

CPM1A-8ET, CPM1A-BET1

0.9 A‘common; 1.8 AJUnit

When using the pulse output function of the CPM1A with transistor outputs {sink type and source type):
The output current must be within a range from 100 to 200 mA when using the output 01000 or 01001 as a pulse output with

the maximum frequency of 2 kHz. The outputs 01000 and 01001

will vary depending on the output current.

Load current OFF detlay
100 to 200 mA 0.2 ms max.
0to 300 mA except for the above range 0.5 ms max.
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1 PURPOSE This is a condensation of the standards on motors included in NEMA Standards Publication
Motors and Generators, MG 1-2006. Some standards are reprinted in their entirety while others have been
combined or abbreviated. The numbers placed at the end of many of the paragraphs in this condensation

{e.g. MG 1 Part 6) refer to the complete standard in MG 1.

2 SCOPE The standards in this guide cover alternating-current squirrel-cage motors up to and including the

ratings built in frames corresponding to the continuous open-type ratings given in Table 1.

3 DEFINITIONS ambient temperature: The temperature of the surrounding air which comes into contact with

the heated parts of the apparatus. [MG 1-1.56}

capacitor motor: A single-phase induction motor with main winding arranged for direct connection to power
source and auxiliary winding connected in series with a capacitor. There are three types of capacitor motors:
capacitor start, in which capacitor phase is in circuit only during starting; permanent-split capacitor which has
the same capacitance for both starting and running; two-value capacitor motor in which there are different

values of effective capacitance for starting and running. [MG 1-1.20.3.3]
current:

locked-rotor current: The steady-state current taken from the line, with the rotor locked and with rated

voltage and rated frequency applied to the motor. [MG 1-1.53]}

no-load current: The current flowing through a line terminal of a winding when rated voltage is applied at a

rated frequency with no connected load. [MG 1-1.54]
dimensions: Dimension are indicated by the NEMA letters given in Table 19. [MG 1-4.1]

dripproof motor: An open motor in which the ventilating openings are so constructed that successful
operation is not interfered with when drops of liquid or solid particles strike or enter the enclosure at any

angle from 0 to 15 degrees downward from the vertical. [MG 1-1.25.1]
dripproof guarded motor: A dripproof motor whose ventilating openings are guarded. [MG 1-1.25.5]

energy efficient polyphase squirrel-cage induction motor: An induction motor having an efficiency in

accordance with 9.21.3. [MG 1-1.41.2]

frame number: The frame number for small motors is the "D" dimension in inches multiplied by 16. The
frame number for medium motors consists of three or four digits. The first two digits are equal to four times
the "D" dimension in inches. When this product is not a whole number, the first two digits of the frame
number are the next higher whole number. The third and, when required, fourth digit of the frame number is
obtained from the value of the "2F" dimension in inches as shown in the columns headed 1 to 15, inclusive,

in the Table 13. [MG 1-4.2]
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general-purpose motor: A squirrel-cage induction motor, rated 500 horsepower and less, open or enclosed
construction. It is designed in standard ratings with standard operating characteristics and mechanical
construction for use under usual service conditions without restriction to a particular application or type of

application. [MG 1-1.6]

guarded motor: An open motor in which all openings giving direct access to live metal or rotating parts
(except smooth rotating surfaces) are limited in size by the structural parts or by screens, baffles, grilles,
expanded metal, or other means to prevent accidental contact with hazardous parts. Openings giving direct
access to such live or rotating parts shall not permit the passage of a cylindrical rod 0.75 inch in diameter.
The openings in the motor enclosure shall be such that (1) a probe such as that illustrated in Figure 1, when
inserted through the openings, will not touch an uninsulated live metal part or a hazardous rotating part and
(2) a probe such as that illustrated in Figure 1, when inserted through the openings, will not touch film coated

wire. [MG 1-1.25.4]

high-potential tests: High-potential tests are tests which consist of the application of a voltage higher than
the rated voltage for a specified time for the purpose of determining the adequacy against breakdown of

insulating materials and spacings under normal conditions. [MG 1 Part 3]
IC code: Acronym for "International Cooling.” See Clause 5 Methods of Cooling. [MG 1 Part 6]

IP code: Acronym for "International Protection.” See Clause 4 Classification of Degrees of Protection. [MG 1

Part 5]

medium (integral) motor: An alternating-current medium motor is (1) built in a three-or four-digit frame
series (or equivalent for motors without feet); and (2) having a continuous rating up to and including the

information in Table 2. [MG 1-1.4.1]

NEMA Premiumj) efficiency electric motor: A continuous rated, single-speed, polyphase, squirrel-cage
induction motor of 2, 4, or 6 pole design meeting the performance requirements of Design A or Design B and

having a nominal full load efficiency not less than that shown in 9.21.4. [MG 1-1.16]}

open motor: One having ventilating openings which permit passage of external cooling air over and around

the windings of the motor. [MG 1-1.25]

service factor: A multiplier which, when applied to the rated horsepower, indicates a permissible horsepower

loading which may be carried under the conditions specified for the service factor. [MG 1-1.42]

small (fractional) motor: A small motor is either (1) built in a two digit frame number series (or equivalent for
motors without feet); or (2) a motor built in a frame smaller than that frame of a medium motor which has a
continuous rating at 1700-1800 rpm of 1 horsepower; or (3) a motor rated less than 1/3 horsepower and less

than 800 rpm. [MG 1-1.3]
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squirrel-cage induction motor: An alternating-current motor composed of a primary winding connected to a

power source and a squirrel-cage secondary winding which carries induced current. [MG 1-1.18.1.1}

starting capacitance for a capacitor motor: The total effective capacitance in series with the starting

winding under locked-rotor conditions. [MG 1-1.58]

temperature tests: Tests taken to determine the temperature rise of certain parts of the motor above the

ambient temperature, when running under a specified load. [MG 1-1.55]

torque: breakdown torque: The maximum torque developed by the motor with rated voltage applied at

rated frequency, without an abrupt drop in speed. [MG 1-1.50]

locked-rotor torque: The minimum torque developed by the motor at rest for all angular positions of the

rotor, with rated voltage applied at rated frequency. [MG 1-1.47]

pull-up torque: The minimum torque developed by the motor during the period of acceleration from rest to
the speed at which breakdown torque occurs. For motors which do not have a definite breakdown torque, the

pull-up torque is the minimum torque developed up to rated speed. [MG 1-1.48]

totally enclosed motor: A motor enclosed to prevent the free exchange of air between the inside and the

outside of the case but not sufficiently enclosed to be termed air-tight. [MG 1-1.26]

totally enclosed fan-cooled motor: A totally enclosed motor equipped for exterior cooling by means of a fan

or fans integral with the motor but external to the enclosing parts. [MG 1-1.26.2]

totally enclosed fan-cooled guarded motor: A totally enclosed fan-cooled motor in which all openings
giving direct access to the fan are limited in size by the design of the structural parts or by screens, grills,
expanded metal, etc., to prevent accidental contact with the fan. Such openings shall not permit the passage
of a cylindrical rod 0.75 inch in diameter, and a probe such as that shown in Figure 1 and Figure 2 shall not

contact the blades, spokes, or other irregular surfaces of the fan. [MG 1-1.26.3]

totally enclosed nonventilated motor: A totally enclosed motor which is not equipped for cooling by means

external to the enclosing parts. [MG 1-1.26.1]

voltage unbalance: The voltage unbalance in percent may be defined as follows: percent voltage unbalance

=100 x ( maximum voltage deviation from average voltage / average voltage)

Example—With voltages of 460, 467, and 450, the average is 459, the maximum deviation from average is

9, and the percent unbalance = 100 x 9/459 = 1.96 percent. [MG 1-14.36.2]
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4 CLASSIFICATION OF DEGREES OF PROTECTION PROVIDED FOR ENCLOSURES FOR ROTATING
MOTORS

The designation used for the degree of protection consists of the letters IP followed by two characteristic

numerals signifying conformity with the conditions indicated in Table 3. [MG 1-5.2]

4.1 Single Characteristic Numeral When it is required to indicate degree of protection by only one
characteristic numeral, the omitted numeral shall be replaced by the letter X. For example, IPX5 or IP2X.

MG 1-5.2.1]

4.2 Supplementary Letters Additional information may be indicated by a supplementary letter following the
second characteristic numeral. If more than one letter is used, the alphabetic sequence shall apply. [MG 1-

5.2.2]

4.3 Letters Following Numerais In special application (such as motors with open circuit cooling for ship deck
installation with air inlet and outlet openings closed during standstill) numerals may be followed by a letter
indicating whether the protection against harmful effects due to ingress of water was verified or tested for the
machine not running (letter S) or the machine running (letter M). In this case the degree of protection in
either state of the machine shall be indicated, for example IP55S/IP20M. The absence of the letters S and M
shall imply that the intended degree of protection will be provided under all normal conditions of use. [MG 1-

5.2.2.1]

4.4 Letters Placed Immediately after the Letters IP For open internally air-cooled motors suitable under
specific weather conditions and provided with additional protective features or processes, such as those

required for open water-protected motors, the letter W may be used. [MG 1-5.2.2.2]

4.5 Degrees of Protection—First Characteristic Numeral The first characteristic numeral indicates the
degree of protection provided by the enclosure with respect to persons and also to the parts of the machine
inside the enclosure. Table 3 gives brief details of objects which will be excluded from the enclosure for each
of the degrees of protection represented by the first characteristic numeral. [MG 1-5.3.1] The term “excluded”
implies that a part of the body, or a tool or wire held by a person, either will not enter the machine or, if it
enters, that adequate clearance will be maintained between it and the live or dangerous moving parts
(smooth rotating shafts and the like are not considered dangerous). Table 3 also indicates the minimum size
of foreign objects which will be excluded. [MG 1-5.3.1] Compliance of an enclosure with an indicated degree
of protection implies that the enclosure will also comply with all lower degrees of protection. In consequence,
the tests establishing these lower degrees of protection are not required, except in cases of doubt. [MG 1-

5.3.2]
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4.6 Degrees of Protection—Second Characteristic Numeral The second characteristic numeral indicates
the degree of protection provided by the enclosure with respect to harmful effect due to ingress of water.
Table 3 gives brief details of the type of protection provided by the enclosure for each of the degrees of
protection represented by the second characteristic numeral. A machine is weather-protected when its
design reduces the ingress of rain, snow, and airborne particles, under specified conditions, to an amount
consistent with correct operation. This degree of protection is designated by the letter W placed after the two

characteristic numerals. [MG 1-5.4.1]

5 METHODS OF COOLING The designation used for the method of cooling consists of the letters IC,
followed by numerals and letters representing the circuit arrangement, the coolant and the method of
movement of the coolant. A complete designation and a simplified designation are defined. The complete

designation system is intended for use mainly when the simplified system is not applicable. [MG 1-6.1]

5.1 Arrangement of the IC Code The designation system is demonstrated in Table 4. The simplified
designations should preferably be used, that is, the complete designation system is intended for use mainly

when the simplified system is not applicable.

6 MECHANICAL VIBRATION—MEASUREMENT, EVALUATION, AND LIMITS OF AC MEDIUM MOTORS
This standard is applicable to polyphase alternating current motors tested with sinusoidal power. The
standard is not applicable to motors mounted in situ, single-phase motors, or three-phase motors operated on
single-phase systems. [MG 1-7.1] The criterion for bearing housing vibration is the peak value of unfitered
vibration velocity in the vertical, horizontal and axial directions. Unfiltered vibration limits for standard motors,

when tested on resilient mounts, are shown in Table 5. [MG 1-7.4.1]

7 SMALL (FRACTIONAL) AND MEDIUM (INTEGRAL) MOTORS RATINGS

7.1 Voltages Single-phase motors 60 hertz—115, 200, and 230 voits
50 heriz—110 and 220 volts

Polyphase motors 60 hertz—1 151, 200, 230, 460, and 575 volts
50 hertz—220 and 380 volts

NOTES— 1. It is not practical to build motors of all horsepower ratings for all the standard voltages. [MG
1-10.30] 2. Operation of a motor rated 230 volts on a 208-volt system is not recommended. Such
operation will generally result in excessive overheating and serious reduction in torques. Induction motors

intended for operation on 208-volt systems should be rated for 200 volts. [MG 1-14.35]

1Applies only to motors rated 15 horsepower and smaliler.
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7.2 Frequencies The frequency shall be 50 and 60 hertz. [MG 1-10.31]

7.3 Horsepower and Speed Ratings 7.3.1 Small Induction Motors The horsepower and speed ratings for

small induction motors are shown in Table 6. [MG 1-10.32.1]

7.3.2 Single-Phase Medium Motors The horsepower and synchronous speed ratings of single-phase

medium motors rated 115, 200, and 230 volts are shown in Table 7. [MG 1-10.32.3]

7.3.3 Polyphase Medium Induction Motors The horsepower and synchronous speed ratings of polyphase

medium induction motors are shown in Table 8. [MG 1-10.32.4}

7.3.4 Basis of Single-Phase Horsepower Rating The horsepower rating of a small or medium single-phase
induction motor is based upon the breakdown torque. The vaiue of breakdown torque to be expected by the

user for any horsepower and speed shall fall within the range given in Table 9 and Table 10. [MG 1-10.34.1}

7.4 Horsepower Ratings of Multispeed Motors 7.4.1 Constant Horsepower The horsepower rating for each

rated speed shall be selected from Table 6 and Table 7. [MG 1-10.33.1]

7.4.2 Constant Torque The horsepower rating for the highest rated speed is selected from Table 6 and
Table 7. The horsepower rating for each lower speed shall be determined by muitiplying the horsepower
rating at the highest speed by the ratio of the lower synchronous speed to the highest synchronous speed.

[MG 1-10.33.2]

7.4.3 Variable Torque The horsepower ratings at the highest rated speed is selected from Table 6 and Table
7. The horsepower rating for each lower speed shall be determined by multiplying the horsepower rating at
the highest speed by the square of the ratio of the lower synchronous speed to the highest synchronous

speed. [MG 1-10.33.3]

7.5 Rating of 60-Hertz Motors Operated on 50-Hertz Power General-purpose alternating-current polyphase
2-, 4-, 6- and 8-pole, 60-hertz medium induction motors, aithough not designed to operate at their 60-hertz
ratings on 50-hertz circuits, can be operated satisfactorily at 50-hertz if voltage and horsepower ratings are

appropriately reduced (see MG 1 Part 14). [MG 1-14.34]

7.6 Time Ratings for Single-Phase and Polyphase Induction Motors The time rating for single-phase and
polyphase induction motors shall be 5, 15, 30, and 60 minutes or continuous. All short-time ratings are based
upon a corresponding shont-time load test which shail commence only when the winding and other parts of

the machine are within 5§ C of the ambient temperature at the time of the starting of the test. [MG 1-10.36]

7.7 Code Letters (for Locked-Rotor kVA}—Nameplate Marking The nameplate of an alternating-current
motor rated 1/2 horsepower and larger may be marked with the caption “Code” followed by a letter selected
from the table below to show the locked-rotor kVA per horsepower. The letter designations for locked-rotor
KkVA per horsepower as measured at full voltage and rated frequency are as shown in Table 12. [MG 1-

10.37]
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Broad- or dual-voltage motors which have a different locked-rotor kVA per horsepower on the different
voltages shall be marked with the code letter for the voltage giving the highest locked-rotor kVA per
horsepower. Motors with 60- and 50-heriz ratings shall be marked with a code letter designating the locked-

rotor kVA per horsepower on 60-hertz. [MG 1-10.37.6]

7.8 Nameplate Temperature Ratings for Alternating-Current Small Motors Alternating-current small motors
shall be rated on the basis of a maximum ambient temperature and the insulation system class. The rated
value of the maximum ambient temperature shall be 40§ C unless otherwise specified, and the insulation

system shall be Class A, B, F, or H. [MG 1-10.38]

7.9 Nameplate Marking for Small Single-Phase and Polyphase Motors The following information shall be

given on all nameplates. For motors with dual ratings see 7.9.1 [MG 1-10.39.1]
a) Manufacturer’s type and frame designation

b) horsepower output

¢) Time rating d) Maximum ambient temperature for which motor is designed

e) Insulation system designation. (If stator and rotor use different classes of insulation systems, both

insulation system designations shall be given on the nameplate, that for the stator being given first.)
f) Rpm at full load

g) Frequency

h) Number of phases

i) Full-load amperes

j) Voltage

k) Code letter for locked-rotor kVA or locked-rotor amperes for motors 1/2 horsepower or larger

I) For motors equipped with thermal protectors, the words “thermally protected” and for motors

rated more than 1 horsepower, a type number.
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