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Mr.Teerawat ~ Rattanarosjananon (41014195)
Mr.Pakorn Wisedkarn (41014237)
Assoc.Prof. Siriwat Potivejkul (Advisor)
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Abstract

The propose of this project is for testing quality of cable’s insulation, with IEC 60502
standard (Water absorption). Microcontroller is used for controlling water temperature , water
level , time duration , displaying result and storage data . This make it can keep water temperature
within + 2 degree of celsius at any point between 50 — 90 degree of celsius in 14 days , keep water
level at same level . Moreover , it can interface with computer for sending input data, displaying

temperature versus time and storage temperature data .



v

ARG
wih
Ananssuilseme I
UNAAED 1
Abstract III
A31ay v
AsvgygUnmw VIII
MIVYAIN X1
unii 1 unth 1
unfi 2 nquiiifedos 2
2.1 NATFIUMINAABL Water absorption 71521 1311 TEC 60502 2
22 i‘?umu“lumimﬁau Water absorption AT 1U IEC 60502 2
23 nguiilFlumsnuquenmgd 4
2.3.1 mes lumlia (Thermocouple) 4
232 myduvaataiinnusoulaedsmaneuInsa 7
23.3 §aunes (Heater) 8
2.4 nquiitlumsmuguszdanii 9
2.4.1 Mudifin1nsa (Electrode) 9
2.42 Tsausen11a) (Solenoid valve) 10
2.5 nuildlunsniugue 10
2.5.1 uuzih loFas1egrunais’a (ps 1307) 10
2.5.2 M391191U989 DS 1307 11
2.5.3 M3taassvUIAu91 U DS 1307 12
2.5.4 TruaMsuYed DS 1307 13
2.6 nufiildlumsilszinanadaelulasaeuTnsames 14
2.6.1 amilaenssuuey 89C51RD+ 14
2.6.1.1 uuzii luTasaeuInsames 14
26.1.2 ﬂmﬁﬂymz‘ﬁugmmm"luimﬂauimama{ 15
A3ZHA MCS-51
26.1.3 Taserdraves lulasneuInsamesnszga Mcs-51 15

2.6.1.4 TassafanieanudmeluvedlulnsneuInsames 16

AzNA MCS-51



maliay (D)

2,62 MsAnADAeATILY I°C Bus
2.6.2.1 ﬂ’amj"lﬁmﬁmﬁ'mﬁmzmﬁ’a I'c
2622 qaidusalaeiia lvestia r'c
2.6.2.3 nonmsvessEuLta I'C
2624 s fiRaa LT O
2.6.2.5 MIMUVUTZUUTH I°C

2.6.3 Mawlasdgyaueunenainea

Wi
17
17
17
17
18
19
21

2.6.3.1 minlasdgguewiasnaiaeauuulszuaa lnafes 21

9
2.6.3.2 doyariinsduves leFlasdyanmeuiaenasaea

(PCF 8591)

2.6.3.3 AUMULDANTHYDI PCF 8591

2.6.3.4 YoyanIuAUYDY PCE 8591

27 i S lumsusasmnuaziudoya
2.7.1 M3udaan univonaasNaLIuKanmal (LCD )

27.1.1 MwaziBemieItu LCD

2.7.1.2 Tassadeneluvesdaniugu LCD

27.13 nihiinsfaiuaesude 4 ¥8e LCD
YUIA 16 AIDNYT 1U559A (LCD 16x1)

2.7.1.4 ﬁwé’ﬁm%’umuﬂu LCD

2715 ma@ouddaunzdeyaldud Lep

2.7.1.6 ]WNILMINNIUYDI LCD

2.7.2 M3 A UT0YaABWOT ABYATN ( Serial port )

2.7.2.1 nugihmesaoynsy

2722 5 FmeesiAdosfumsimuvemesneynsu
lumcs-51

2.7.2.3 Tnuamsyauveswesaoynsulu MCs-51

2.7.2.4 8asueavoInes aoynsulu MCS-51

unfi 3 MsponULY
3.1 MI0BNUUUNDAY

3.1.1 Anilo

22

22
23
25
25
25
25
26

26
29
29
30
30
30

31
31
33
33
33



VI

CARITRG)]

wih

3.1.2 huddadinines 33

313 druduiasua 33

3.14 aumnuanuiou 34

3.1.5 drudubames Tusuidla Musdnlase uaz Isausednga 34

3.2 MIvenuUDdIURIUgURMTYL 35
3.2.1 vienlaozunsunsniiauy 35

3.2.2 mes ludida 36

3.2.3 Nesvedygames ludthila 36

3.2.4 §ames 37

3.2.5 Mytuvaantnnuseudeds maneu Insa 38

3.3 msaammudqummmzﬁu&w 38
3.3.1 vden laezunsumsningu 38

332 fudidnlase 38

333 lwduesn1aa 39

3.3.4 'msmmmsﬁmf 1 40

3.4 nseenuuy Ilsunsulssuanadie lulasaeu nsawos 41
3.4.1 laezunsumsshaiuves lsunsualszarana 41

aelulnsaouInsames

3.42 maseiuteyaiSudume ninAeuiames 42

3.4.3 Tdsunsugesmsaiugugungil 42

3.44 mydideyavosgamgil lufwmeuiunes 42

3.4.5 Tisunsugosnsiaasnanianiiies LCD 43

3.46 TsunsuesnsAs 9B LIEEUL 43

3.4.7 Tsunsudesasiedeuidesndnnsnadey 44

3.5 msoenuuy Tsunsudsan uaaswanng saluransnaaes 44
3.5.1 luwuuagmsdon Tasduveanihee il lumsuanawn 44

3.5.2 nivennn 45

353 mihvesmuateyaiiudy 46

354 vihveuansns vz findeduideainey 47

3.5.5 nihveragudoyaim 48



vil

m3liey (Ad)

3.5.6 nihveudansaIngdeyaii
3.5.7 nineuaainmsieuiionsunansnagey
3.5.8 nihveuaRIMsRsudDsEE U W N nd
3.6 MyvBALUULTAIIY IWNsZIaaT
3.6.1 1993918 I
3.6.2 Nianszuaveegunyel
3.7 MILBNUULMI 302199 Nyl
371 rnesuazdruuiasuam
3.7.2 Fawes
3.7.3 UASE ALMID3
3.7.4 Tnssaddmsunedmdouasuninges
3.7.5 mes ludlidla, Tedusednad uazAudidnlase
37,6 A
UNA 4 wanINAaea
4.1 wamsaauauaanmanuieu
42 wamsulF suidoumes Tushlef 9y Tassoufume Tudllauasg
4.3 HaMINIUAURUNYNIUTTALIAI 9 Aauist 50 - 90 DarAIFHR
4.4 wamsniunuemngivenToduiigumgd 90 ssmneaidue Hunan 14 u
4.5 USinainszua Ieh 18 laeslszana
unfi 5 agulwanisduiuan
5.1 agwamsesnuuL@mde

a

5.2 agUwanmsnruguguunil

u

9
o

5.3 agdwamsaduguszaul

5.4 agUwanIsAILgNNEA

5.5 agiuamsuaaIna LaAURAMINARDY

5.6 ayUnaauAveunsog

57w lumsieun Tassaulusuiag
MARUIN

ONA5D19D4



VI

sy

{ =] ]
317 1.1 vdenlaozunsunansdmilsenevves Iassau

D.

31 2.1 uaasaees “Hifin Tading”
70 2.2 Fayaya Synchronization 71 180nsesas9sugAGagU
gﬂw 2.3 Ty s IAUaIAD g ﬁ"Lﬂmﬂﬁmunﬁmm’zfﬁmgﬂﬁﬂquﬂ
7 2.4 msadedyanastad e 119 umsnuguus s lnidh
5107 2.5 ms1gmAusiEnTase
3107 2.6 uaas lassadreneluveslodaiiegiunaisse DS 1307
3171 27 (n) msdaassmizeamdusunelu DS 1307
() 3azBeAveds TamesNuma ez s TameIAIUgUYEDS 1307
71t 2.8 urmsgtuvesdeyadmivandedu DS 1307 TuTnuams@eudoya
1171 2.9 sivaesdeyadmiudaderu DS 1307 TuTnuanseudoya

17 2.10 udas laozunsunavesan iz lusle r’'c

el

U7 2.1 wassgtuuvesdeyasmuaueawsanldlumsdedauny 7 9a

U7 2.12 nansgunvvesdeyasynsuilddadesugilnsaiuute I'c
A gy 9 = A
woldnsdedauuy 7 da

714 2.13 uamsgiesdeyaeynsuiildande fugnseluusta r'c
ileldnsgredanuy 104
=~ a ) A A aa 3
717 2.14 urmenenzREave sloyanIUgUNTsuas U SameTaduAg

neluled PCF 8591

v
o W

sﬂﬁ 2.15 uaassazdeavesguuudeyadidudion Tnuamsiloudeya

71/ 2.16 namsswnziBeavesgulunudeyaddnunumsusaiNn

71t 2.17 e waziSeavesgiuiuudeyaddsmunumsideuno e
wagdoyaaIons

‘ﬂﬁ 2.18 Llﬂﬂﬂ‘ﬂﬂﬂ“’lﬂﬂﬂ"lJENiﬂLL‘iJ‘]JﬂJi’JiJﬁﬂWETQﬂ”I‘]’YUWWQﬂ“]Suﬂ"ITVI'N"Iu

zﬂﬁ 2.19 LLﬁﬂ\ﬁ”lfJ’dzLE]EJﬂ‘UENE‘iJLLUU%@QﬁﬁWﬁQG’mLW\'ﬁﬂ BUSY uaguaa@se

D.

° a d
‘]J‘VI 2.20 Llﬁﬂﬂi'lﬂﬁgLgﬂﬂﬂWiWW\’iWHﬂJ@»ﬁ?‘ﬂﬁLﬁ@i SCON

D.

51t 3.1 firned
11 3.2 shudalladinnes

v vy Y
317 3.3 Fuau wagdndudaruau

10
12

13

14
14
19
20

20

21

24
27
27

27
28
29
30
33
33
34



31
31
Pil

U

~ g Y
N 3.4 AUIUNUANUTDU

d’ (] v XK 4
N 3.5 dudugaginsal

D,

3.7 mos lwalidla

IX

M3ty Unn (#o)

‘Vl 3.6 ‘Uﬁf]ﬂ‘lﬂ’f)“’I,LﬂﬁJﬁ’Juﬂ’J‘iJﬂﬂJi’)m‘ﬂﬂil

54l

719 3.8 Wwesvenedyanames ludlila

ﬂd’

31
31
31
1l
Phll
31

can

gﬂﬁ 3.16 uaraa laezunsumsihnueslilsunsudesmsatunuaangi

3

= Ju 1
3.9 FAMDITAND

.

% 3.10 ’Nfﬂiell‘uéllﬂﬁ’lﬂﬂ’)”mi

D.

#i 3.11 uSenlaezunsuday
~
73.12 Auddnlasa

3.13 Tsaueean1s)

=).

v 9
1 3.14 WasaruauIzauL

- =h.
w W

h.

aummmﬂmauima

ﬂ’J‘lJﬂiliuﬂ‘]JNW

15 uaag laszunsumaiinuves Isunsudlszaianagaslu lasaeu Insames

‘V] 3.17 Llﬁﬂﬂllﬂ@”LLﬂS‘JJﬂ’]‘iVI'N"IWlJ'E’NI‘lJSLLﬂiiJﬂ'l‘iﬁi’J‘i]ffﬂUi”ﬂ‘Uu"I

U7 3.18 uamevived ey v Tilsunsu

3% 3.19 ugmsnhoondnues Tsunsy

31

.

11 3.20 uaasrtheesmuadeyas udy

~ 9 v [
14 3.21 uarasgluuvvesmswgmdeyaluudas fu

517 3.22 uaasmhesuaasnsvae indesusderiiey

QU

314 3.23 uermesvhvedlagudeyaim

U7 3.24 iheeuerasnsengwdeyaii uazmineuaasns

d’ A 7Y [
wonusivayaly 1 5u

=~ v A A
E‘IJVI 3.25 YUNIDLAANNITIBDULLBATULIAINITNATDY

a kY A A v Z 'o 1 a
§,‘1J‘Vl 3.26 MUvRLLEAAINSMBUIBIZAVU 1A 1IN nA

317 2.27 15t llnszuanse

H Y
11 3.28 mstarnidinnesuazdmdudazuau

il

71

[ 4
3.29 MSIAINT ARDS

ﬁ 3.30 ASIAIILAGIDT

‘],l 331 Iﬂi\iﬁ‘i"l\if’f'lﬂiﬂ’ﬂ\iﬁ?ﬁﬂmm SHANINDT

7u

h.

3.32 ﬂ'lii]ﬂ’ﬂ\‘lﬁ"luﬂ‘llﬂﬂﬂ

ﬂﬂimwmuamuﬂummsau

34
35
35
36
36
37
38
38
39
39

46
47
48
48

49
50
50
51
51
52
53
54
55



X

MUy 3Uw (@)

v v

717 3.33 msdaaenaidises

4.1 jUdyanulurssunaaeuiigaungl 85 ossuwaiBod
30N 4.2 ldyanalussgungidhlng 85 esrmwaided
4.3 yudaaalusisgungingd 1 85 serusadeed
4.4 M3 Synchronization deyanas teth lladedyaumeades
717 4.5 wanansminsulS suifieusgniames Tudldlai 19 Tnssnufumnasgu

a 9y 9 A a a
4.6 () uansnIIMIRILANEUNNVBIMTRANNgMINYY 50 oerusaFue

a Y ¥ o a ~
(v) uanensmInIugueNMglvemlieauiguvgil 60 osruwatod
31U 4.7(n) uamsns wimsaugugamglivediodungungil 70 osrnwaimed

LY

e

(v) ueraansmInIugueungive e AuNguyrgll 80 oeruwalfoa
9/ P!

3UN 4.8(n) uamsns wimsmivguaamgivemioduigungil 85 osrmwarsee

q U

©
D

9 A

(v) waasnsnisaiugugavglivessoaunguvail 90 esriwaGee

Q u

T v
@ A

117 4.9 ugmensmnIIMILRURUVNNN 90 asrnwaiTya vosTuN 1 -6

37 4.10 werans wWinsaugugungif 90 ssrwaiiud vaeiui 7- 14

G

55
56
56
57
57
57
58
58
58
58
59
59
59
60



XI

MUY

~ wva A a J o v
M15°97 2.1 Aavautianls sumeumes luadidanuuunasgiu Type #1949
~ A Y 4 4
MITNN 2.2 ﬂ'l‘iLﬁf]ﬂﬁ]@li"lll@ﬂ‘ll’é)\i’)d‘ﬂi‘waiﬂ’ﬂuﬂ’iuiuvl‘JJIﬂiﬂ@uI‘ﬂimﬁﬂi MCS-51

A15199 4.1 USuanszua I a9 laese

32
61



e
S
i ¢ i “ |

Qg%& i

.




UNA 1
uni
Tugaamnssumsuiame il Sufludesfimsmageunuiuvesas seuiaziliig
A Y oy Iy 2 A4 A A Y ¥ Ayy 4
- gaieaunilludiuvilveaniesieldlunsmadey uazndeduildunsgn 4
9y o/ SA o 9 A a v Y ¥
awsalimaneuauiuvesae W luiligiu Alsaudesnndedouiuanudesns dae
v Yy »
mailiesds Idiai lassonditu o Waofuaduundadfusmmanaaeunuuaio i
UAUTENAN 9
A d” A v Y (g 3y 9 = Y
wagilesnnlasenull  Tdvesmseenuuuluduvesdmdedy  fewiseld
a Y 1 A 1 1 S ) 4 Y
anuAnaldedndase uazludiuvesmantuguene « Aimsthlylnsneu nsamesinly
£ A o w ' ) as: Qs R a dy
- sauunumdngdema lulagisluilegiumasluewaa  Sedadhlassnuiidiulag
B g
Nunieniaula

9
LY Y

Y Y o dmgy ~ 3w A '
Iﬂﬂ‘l’ill’f)ﬂlluWmﬁlclfﬂgﬂluﬂﬂﬂuuuu NS%UUﬂWiLﬂ‘]J‘UE]ﬂJ“ml’ENN’E]uvl,‘lJGIN 9 fAnea

9
4 o Y CA=

2
zozIMININAdeY (a1, gungl, szAun) demsiuiindeyailunsasuunszay &
[ [ 9y 9 v [ A Qi R/ g) dyd o o v
llﬁJﬂ\?‘V]uL!,ﬂZENﬂ'llﬂuﬂﬂﬁi‘]ﬁ"luﬁ’mﬂﬂlﬂiENllu‘ﬂﬂ‘ilﬂiaJ‘ﬂ Tﬂiwmummmswmm"’lumu

9y
' ] a 4 1 [ @ o
ﬂJﬂQﬂ'ﬁLﬁ‘U%‘@i&l’ﬁ ’L’(’JuuﬂﬂﬁNﬁN"Iuﬂ":h‘ﬂE)ﬂ@iJW'JLﬁﬂi llﬁgﬁﬂuﬂlﬂﬁigﬂ‘ﬂﬂ'ﬁ‘iﬂ‘kﬂigﬂ'ﬂu'IGL‘}"Y’
A v v 3y g dy lllil < Il
ANVIBYANDALINT Tﬂﬂﬁ?u‘ﬂigﬂﬂ‘ﬂﬁ'l\i | mm‘nuam‘luTﬂiwmummmg AVNUNDN LAY

Y U dy
LATUATUANU

—>|  dumugn P
<+  gungi iy

: lulas
—>|  dwumugu P

v
g YA ‘o

I a g
. ADNNIUADS
AaulnsaLAes |

adauauguaa [P

U7 1.1 vienlaezunsuuaasdulsznouves Tassau



N 2
ad
nquineIve
2.1 NAFIUNINATOU Water absorption N5z 131u IEC 60502

AA X Y
aunainlglumsdy

a v o

ldgungin —s°cvesnamaigegavosihluvazilFaudnd uidesliimu 90°C
q U Q U

u q

v v
yununldnagou

[~
waalu 2 Usenan Ao
o [ Qy d'dd’l d' Y w [ ) Y 1 A [ -

1. WSO NUNUNUUIAAYD9aIAA1  UoanMSeawinAY 25 a5
a A 1:3' { I Qy Qil, v o a A
iadwas suauilimadeuwidumendiaiadu @adni + aum) 11 300 Tadwas

v v Vv v Y

2. dwmiumendanURunnTdaveea1naniinnn i 25 MIEURLAT FUsU
A 9 I~/ qy A o [ 9 A a
nldnaaovezidiu aumeondanalomdumsiv vuin 03 45 Tadwas o1 80 -100
Jaawas ¥ 0.6- 0.9 Uaduas

~Aq Y Y
A % lunsdu

9y v
AMSUFUULUUN 1

1) g E v afl a Y o 4
MVUNUNUIUBENIT 1 uaatuag Gl“Iﬂ’Jﬁ"l 2 ddam
1] Qy 1 a a 9 [ 4
DIPUNUNUITEHIN 1.1-1.5 Uaatuas 6l°])’!,’3i§|”l 3 dan
Fl g 1 a A £ [ 4
DPUITUUHINNNIT 1.5 uaaluasg n1"]1!,’3?1"! 4 qilen

v v
S UFUNULUUN 2

141981 14 1 Tumséu

2.2 Yunenlumsnaaey Water absorption MUNINIFIU IEC 60502

Y v
AMTUFUNUNATUUTZNNT 1

o o & Y Y oWy v o 1A a a J
hanuazeranasiyuauliuislasiuduaeunnudud ( lanu 6.6 Taaing )
{ A I v o o < . ) o g Y]
fgaungil 70 + 2°C 1Wunat 24 ¥aTus wdnbuvh WUy Desiceator AT M0
] ' [~
a1 i M

v
A

v
o A [ [ [] -4 1 1
hnunisauA iy Allvnadurmiugudnanedades 6-8 wh vesunady
; v s Y v qy o > v i
ruguinaamenda (sauau) udaaldidugilés u wagteaenadesdiaeaniug
F4 d? Y ugl Qy d'n:l =1 [%] v o’/l
vosrhvesmpuzumvum Tesoyanaliluasuaunaasy 2 Sufitunudesusihniuly
mMyuzuda 1 lu
v o ] ‘Qy Y a A 1 v 4
USudwmiavesduanulaelddszana 250 uadmasvesnueuegluiily

My



Y H v H
mmsausuaLngamgivaznmeuismus lumnesguvesmeiimeaey

v
a ~

'y M Yo 39 Yq Y o p% dy
memmgm"lu"l@nmumiﬂ%qmnnuuﬁ:nmmmflﬂ”muﬂll’ﬂummgmu

U

=) a

Laﬁ;’umuaaﬂﬁauﬁﬁ’lwﬂzﬁmumqmﬂguﬁ'@a ﬁzﬁmmzL%ﬂﬂﬂmi’lmaﬂafhalguma
Taenszamfiend Liflydammsdai mindum138u M2 melu 2-3 will wdeoniih
20NLINNNITAY

Mmsihanuazerauazigunulfistmudenlaiivseunsildy tndeh
w13 M3

e M1, M2, M3 Tdnuaugas

&1 M1 wnnd M3 dgas (M2 -M3)/ A
&1 M1 desnd M3 Idgas (M2 -M1)/ A

=< d" Aa ay = [} Z ~ v < a
Tos A wmﬂm‘wu‘wmmawmmw%uag‘luu1 vy AT NIBUALNAT

q

v v
MMTUFUNUNaaouUsLanT 2

A

Y ]
Manuazensunuuaz awieuiigamgi 70 + 2°c aeldgaanme ( nie

q

[ a a 4 < 1Y) 1 q’: ay
ANNAUY TN 1 Yadus ) Wunar 72 ¥ lug Taglumseuudazas Guauiidhdon|fae

Y 1< cg‘ d'd:y = [ v qs’l @ Qs’l c? o ya )
apuluguuilifaglssan@eduminiu ndmiviunuszgailddudunm 1 4
' Y
o o @ o o < U
a9l Desiccator tagiir ludsul wiimfua 138l M1
Y Y Y 0
FUNULgnNgNlud Mrun1saailseguda ( Deionized ) 1501 NAU ( Distilled )
d' a d'o z:' o 19 " Y
neamgiuaznamuiifdmua I3 lusnasgwveseneimiwmadeu uadasgulula
o =] E a d’o dy
fmuan i ldgungluaznamuiidmun i luinasg il
Qy 1 49, 9 ' L] o 9 ~ a :Jl [ A ] A
FUNULADE FUITADIYNINOENaNY I luuAINgnARdIA LI oI LIY W5 Tu
~ 7 ¥ ) y A ' Y} Ay A v )
Dmneshgnilanierhudy  (Guadesmruuiugnld NeUUYeNAT BN ABIgNTlAd Y
aqiliflourleediiotlosiuauanlsndis )
o y g 9 2 ) ol ) - a
MaInNANEI warUnugn lende lugui maadszuds wiernau Noungil
o Qy I~ Y] [ ogzl o g Z’ @ < ?,’ v v
veauaz M IdsuOuEudIns uannduthduni azdauasianeni wonedetuuan
v v
wdimsdal i ua 13y me
o o 0 Qy Yy 9 d'l C!' o 1 o 9 o n'/ g
mmsmanuazoatazhFuauliuieanuReu lanimneunisth lUdy s
Y I~ 1
wiinfua 1381y M3
WA M1, M2, M3 lilfwasaugas
a1 M11nn M3 Idgas (M2-M3) /A

a1 M1 teend M3 ldgas (M2 -M1)/ A

y v v
=]

H Y
Tae A nungdeiuiAwossuauiguegluii Smiediu maasufuas



23 ﬂqyﬁm%‘lumsmuquqmﬂgﬁ

2.3.1 maﬁuﬁ’ﬂﬁl 2 (Thermocouple)

ninm3veumes ludhllailogi iovhninlane 2 @uivhdasTanzesriatum
Woudetmenaeudidanty 5'111mawdaﬁmmﬁqmmﬁﬁwﬁu winanszud i Tnalu
winduadniaaest Tﬂﬂﬂ§u1mﬂ1i"lﬂaﬂja\1ﬂi$uﬁ"lwﬁﬁ:%mﬂﬁfJume"l‘lJmuNﬂﬁhwaﬁ
qmmﬁﬁﬂma@m‘iaﬁyﬁﬁm uaedullavlaeyadedienilienn swildifausanaon Wi

v v v ] b4 ' o
nlaedunde usandoulWfhisend “Gifia Tadae” (Seebeck Voltage)

Tavs A Tavz A
> +o ¢
o _ >~ 0 fwe >0
TanzB @ Tane B @

{ < ¢
31 2.1 uaeea99s “Fifin Taadine”

= 4’ o g N a N 3
13 mmmmsmLﬂaeu”lvh?h%zuﬂmuTﬂﬂmaﬂ'uNamaqmmmmﬂmﬂ@ﬂﬁamﬁm

9
~

Tasdianudunuses
eAB=OLAT
1o e, 10 usunfeu Wi fida 18 (Seebeck Voltage)
A ' W a =] . ' A
o Ao MTulsgantueedidia (Seebeck Coefficient) 1flud1nai
Tmiediu Vol/k

v
AT fe woasgungiivesaeaderiaaes

ﬂams!ﬁmmméau'l%lﬂmﬂmm%"em (Thermoelectric Laws)

1. NQVB2993 lang iR (Law of the Homogeneous Circuit) T12993711/52 now
Tudrelanziindierdu ﬂs"laitﬁﬂnszuff"!wﬂﬂwa“hm%m‘jmﬁﬂmmLmnﬁhwmqmﬁgﬁ ol
ﬂaw@ﬂﬁiaﬁvmm

ﬂisz,m"lw%%zzﬁﬂﬁuiumfﬁ‘ﬁa’m‘ﬁymmLﬂu‘[aﬂzmwﬁﬂﬁutmi‘fu usandonly
ﬁﬁf‘iLﬁﬂﬁg’u%3L‘ﬂuﬁ'ﬂdauTﬂﬂmqﬁ"nwamwmqmmﬁﬁﬂawtgmiaﬁmm

2. nQuealangunIn (Law of Intermediate Metals) Tuaasmes ustida & Tane
unsnegludrumilsdanlavesases mﬂfgmimmﬂmﬂiamumﬂ‘tf'igmmﬁqmﬂgﬁtmﬁ'u
ud Tanzumsniioz hisinadousanden Iihiba Tumsliiaiiegane wu dode nie

Aq 9 Y a 4
mﬂmmmwiwawmmas



] 1 b
3. NQUDIYUNQUUNIN (Law of Intermediate Temperature) t33ndou T HiRa sy

o @ { A~ Aaa v 1 o a v a
Tnames Tudtidayala 9 Allgungifigadeeiu wiidwihduraanmefisndiavedss

[ Y
wndou e unes Tumlidagaiy

o o o {
Usingmsaiveunes ludlila (Phenomena) finasns 1

o Y =) @ Ada aa J esz’ ] :,'
L lumesTudllagifondu qungiiiinade gungunlategadensaeainiy
9

RUHQNUUIAAN 9 auenoae lilinadeusundou Wi iifaty

1 4 [ Y { 4 { v a
2. nsapviumes udldaidaeiu wafildfeusundon Wfhiuaasgamg

=y
Ay

v o @ [ Qsl’ Y [ v a

3. mwammTuﬂﬂLflaaawﬂﬂmJmnuvi'flumsaﬂwamwmqmmu
a o Y { o a & [} 3 4 { a 4

4. mysiumes lumlidaiigaingamgiiniis w2 lifinadeusunaen lWfhiiaa sy
v 4 o 4 { a g [ v 3

5. MynvaynIumes lualilla usundeuiiavuzumasvoanes lusddlaus

20

mes TuMlJaunmnasgiu

4 4 a a Y A 9y e a @ 9
wes lumldlalivmesiia (Type) Iiden ududdmgamgll tasdnuazns g
9/ v
Tasnnuuandevosudnzatiail Mannmsdenldguesiag (Element) voelang flaziinn
Wweudhdeiulfuand1aiu w31z lanzudaz ytiadouliguauidirymmy fvesiueg
Y A o a 1 Y [ Y o o 9 va o Y Ay ¥
uas dievhlangsiads q fuudugdidiedu winliaaeuidvesnedlusildalduan
Y ]
syl wenanil TéTmsnaneweu Tangdesiiafudidasiu edsulyamniayos
a glddg' A 4'| 9 a ci Y 1A ] a @ d'l = Y
Tangiauliavu vieeldunuTangansriianldogity W uwaiivhy 1HD9INNTIAGI @)
' da &
a6 langmauiNadiu 1
Inswa (Cromel) Ao Wi 90% + Tasidlen 10%
QWA (Alumel) AiD Hfa 95% + ooy 2% + N1l 2% +Fanow 1%
ADUMUAULUAY (Constantan) AD MDA 60% + HNiAa 40%  Tudu
v ' H
m3lFnumei Tudlilla asdenldligndeansmuzaufuaniu 4 Tasdsiiaas
A ] v a { [ U { 4 @
wnsaniinmede wu Agungiigegailday, e, audenseuvesasimedTuglila

v W o { & st . .
TUNE, aNYUSUTT emeiuy Oxidizing, Reducing, Inert n3o Vacuum L’f]uﬁ’u

daulsenouveames lugilidla

1. dmesTudldla Aedwiinduadn 2 dumniFousefudieisan o olluge

143nqangil



o w [ 1 { 1 o
2. asoulanzdesiudumes Tuftilla (Metal Sheath) Aodanfiiugmeveames s
Y J < Y g J v
ahila WelitiarwiSsudeounzuianss Snvaizmsiszaeudamedludiida

191111 Metal Sheath Svaneuuy 18us

v
=3

2.1 uvunlaes - qadedmiuialul Metal Sheath ¥y Jdnanisialaiga
uidgade uazmqmﬂ%’muﬁ?u
2.2 uUY Ungrounded Junction - fgﬂdamm@jﬁw"lﬂﬁamiaﬁvagiﬁ'u Metal
Sheath munmiiige udldwamsiadh
23 WYY Grounded Junction - mﬂﬁ”afgjmmmagiuﬁ'ﬂgﬂagﬂﬁaudaamu
Metal Sheath ,}¥iHan53a’lan 910y Ungrouned Junction @ iinseue
o5 r9ngilnsaideun? Metal Sheath 99 l8wamsSaianainld
3. awuvesnes il WudwildfussnihedmesufuDady  Motal
Sheath daulngjoziihumsilszion unnfidonoon’lod ozqiiflovennlus nie
wes adouoen lue
4. we3lunad (Themowell) 1HiaFunrumdaussliimes lusdida wasdlessy
Lildmed TumhfladufafumsiidosnsngungiiTasass

. 7, A ~ A 1 A 1 a v o @ A
5. Extension Wire ﬂ@ﬁWﬂVli%"luﬂ”ﬁL%ﬂuﬂ@ ‘Vﬁ'EIGIEJL‘WNmf‘lﬁ’lmﬂiiﬂﬂﬂlﬂa‘ﬂﬂ’ﬂﬂ

L0

P
tan

P wa A ~ Iy w y
AT NN 2.1 ﬂmﬂﬂﬂﬂlﬂi EJ‘IJW]fJTJWIi’)SIuﬂﬂlﬂaLLUﬂM1ﬁi§1uType AN 9

Type Aauweaw egangi ey usundow i
°c R #14 mv

B uwaniin —30% lshewy

unwaiitiy — 6% l3ihow 01191820 32943310 094913814
R UWany — 13% 15ihewy

unanty - 50 19 1768 -60093210 | -02.26 849 21.108
S uwany — 6% 5o

uwand - 50 919 1768 -60993210 | -0.236 19 18.698
J Man/MUTIALLAL - 210 14 760 -350 119 1400 | -8.096 H14 42.922
K | Taswaezgqua -27009 1372 | -450892500 | -6.458 59 54.875
i NOWAYABDUAUAUUAY | - 270 DY 400 -45009750 | -6.258 £ 20.869
E Tnsa/meuduauuAY | -270991000 | -450 741830 | -0.835 &4 76.358

usandeu lfhinldnnmsnlS suiengangin

[

q

4
AN DALY




2.3.2 Mm3stuvaaarminnudoulaed Tinansulnsa
nmsduvaaanudousyld nsuen Huadadininszuaady 1wl (220 V) Taw

191¢ wes TcA 785 Tumsmuguyunuumaneu Insa

AUANIAYDI TCA 785 Integrated Phase Control

TCA 785 Integrated Phase Control fluneassaufiadreiadasuiing wadersuas
Insuen (InFmnes) lnsamns o luuszgnaldfuaudad
L wesiFesnszua wuuntvnwlddufiuagas e (Fully and Haft Control) ey
weneauaz e

2. wNumuquyuansiu Ifhnseuradumadewas auma

9
ANUINUTIUUAENEAAITINUYDS TCA 785
a Y Y 4 . 2 <] 1 4'
melu TCA 785 1zfinevsnsredugadagud (Zero Crossing Detector) Geaziudaui
G lagann munsnazhl¥iiems Synchronization semirsdaanamsed ihnssua
v VoA v o a Y v oA - a 4
aay (ussaupuyn) Audyg ugesuung Insmaes Tudoussiuduyndetunsmnesas

ATIN AN UYL ATUILNANDA

input

{ [ . . { Y] Y -4
3U#i 2.2 Fygror Synchronization 1180 1A993M5 298 UgRRRGLE

b4
MANNANUNITA Ty auaIABes (Ramp Generator) wihdyanuasiringada
9 4 i a
qudil o redygmmnBomieiiuides (Ramp or Saw tooth) nimanssiunssiudue

wazifhuiFadufvyumlaveaussfusuma



Syn

>

-4

Y] [ =) -~ 9 [ [ [
2.3 aga s UaInes i laan WY IUATIVINYAAAFUY

=h.

il

y
nasnmiusS sudion (Control Comparator Circuit) wihdyguuswuain
GIAR uu5 suiouiudya s $uaILgy (Control Voltage : V) 910018100 (115904
Trthnszuanse Sesaufudld) TaoldmsnnisveseasalS oy Ao wagdmin
Fyanaussiumuny Sednhdyaramabes Faannneinii @ ddusiuaosanils &
LIUAIUANNMIgIN TR U D e ﬁa,;mgmaa%ﬁ"!ﬁ'%ti‘luae%‘ﬂqué Wlvansnysy
Aumisvesdagnaminvunavesinsuen methluauguussduduuamainnuonlas

BlaneuInsaldnudens

g T
/ / mernl
' —>
> Vpulse
> Voutput

'
[ A o

Wi 24 msadedapaniad dieh 19 umsmauguusegu Indh

2.3.3 Saunas (Heater)

a ¢ ¢ o Py, da o & A A o~
TADT L‘fluqﬂﬂiﬂ!ﬂ?ﬂﬂhi@ﬂﬂ@ﬂﬁWﬂﬁﬂ N Wﬁﬂﬂ75‘wu§7u‘ﬂ@ UDUNTS LY
4 Y] g ~ Y a o a Y
1%Nﬂﬁaﬂlﬁai‘fl$¢l@ﬂ

Inadasadnhitisnnudumugs aadnheedouiu suiuaind
u

Unaeulifniler uoznugungll 1dee wu Snfa, Tasdley udy



v A

1 a 1 A o S A A S & o 9/ d':l’ I
muﬂszﬂauaﬂmu‘wmﬂmﬂa RUIU (Lmnugmﬂuaaﬂ"lmﬂ) mmﬂmmuﬂmqag

o
»

v &Y (% ¥ =% e'/
serinmndawestiudaonlang wedleeiuly ¥ nseuad (Leak Current) 9100208 A0105

ﬂ@ﬂulllﬁlﬁw’ﬂﬂﬁ“’ mﬁmuﬂmﬂuuﬁummmm"l%lﬂm 'ILLﬁu”lﬂ’J'l‘JJ‘iﬂuﬂ‘iﬂﬂ ‘l]ﬂﬁ”lﬂﬂlﬂﬂ ‘HHJ

Nﬂ??ﬁ%ﬂiﬂﬂﬂ?ﬂlﬂﬂiﬂﬂﬁﬂﬁ“’ ‘D”‘V]ﬂﬂﬂ']ﬂ’l”lﬂ“"l“ﬁ']ﬁ\iﬂm ‘V]ﬂ‘l’ii’)']ﬂﬂ n3e Llﬁiﬁvlﬂ PINN

‘JJﬂ’J"I‘iJ"IfuLLﬂll"U"lﬂ Iﬂﬂﬂ'l‘iﬂlliutmﬂ‘ﬂ

=3 [ [~ a v [ 9 ~ ] Y] [ d’l
ﬂﬂlﬂﬂﬁgﬂimﬁﬂ’ﬂﬂlﬂu‘b’uﬂﬁ'lﬂ 9 muaﬂymzmscl%ammmwmﬂu ANU

o ' v W { ]

gaiesiums (Cartridge Heater) 141¥anmdousuSagfithuvowss sy men uas
9

Tangane 9 dedemslfon wu nuussyiivre NuIuFUwaaan

4 = v o ]
gAnDSATY (Finned Heater) unzdamosvionay W¥auousuemea wu 19
Tudeseunrs Tumey
a gt 5 a A oA JY Z Y Y o
gAADIYN (Immersion Heater) YNHFon11 Fameosaniit 198 anudousives

v Y
mamnwla M0d19ms 199 wu Ui - dui i uwauas
Y
vouiiugames (Bobbin  Heater) ¥ lanusouveamaimilous maesqu
A g U

ansamdsuingldae
FAnpsouNIUIA (Infrared Heater) TldnnuSeuduinglaeludesduialae

%

a39 Tz fuiegitidnyuetiuam esnndagiuimeliguauifazion

Q

sy
A Aa

o ] o @ a v <
uars W himunsagadusaddumsusaldecraind fandalumon niemile
¢ 4
AvuNdwes 14
gawesTaio (Band Heater) 1A mdousuveamaniigluio UETIRERTER
n3zUeN

FAIALIAL (Strip Heater) 19 lianwouTasuuusung Tnoase

2.4 nguglalunisaiuguszduih

2.4.1 MUBLENIASA (Electrode)

a {q Yo v 8 A £ Y ' v o
fuganTase Aegunsaliildiaszfmnieianis Sdnvaeduidnien 4 u

9 a 9 ' v o 1 ¢§ 1 [ ~ [ Y] [ d’l
mﬂmmﬂﬂmﬂmmamm 3 N G]NLLﬁﬁSLWN‘i]ZﬂJﬂ’J”ISJfJ”I’JVLMWI'Iﬂu AU

v Y v v 9
L uvisiiduiige (uishl 1) Ao urisdnharugussduqegauessedni

)

v [ ] E4
2. wishignathunas (wisi 2) fie wisdnhauguse e 19AYDITLAVUN

q

9

T oA A v oA A ! ¥ o A& o A o 4 v oA VoA
3 UYNNZIINGA (LN 3) AD ummummnumm"lﬂﬂnamamm‘n 1 LUag LN



10

1 v 1
nanmsihan Ae eszduieglutadeeiimshlnfhsenhamedt 2 uas wis
A o Q’: Y g g o v a voA 1 o g Z ' A
3 AsuaInsEaul 9 InIng uven2 oz lith Iwih wezminseduiigendnlng esf

v v
st Wi Re v luuyied 1

oA v oA v
UNN UM UNn

3 2 1

Ed
EEOTIRLED ()

¥ ]
s¥AUL 9 1A

s 2.5 msldanuiuaidnlase

a Jd
2.4.2 To@auoadnd) (Solenoid valve)
Aondaawgumslladasie laslFfhlumsatugy Taeld loduosdimmai
AdeaIag lumMsdeudlatlavie
Todueedilluglnsalinimdn i mdmhng feund s IWfhdungsuemd §
[ o a 3 A Ay ya
anvazdluvaaseiuuuununsanszuen nelunueelunumdniiaunsamaeuit18sase
4 =\ L o v A o
dellnszua Wi Ivaduvaain s ldvaatadaamaiiewdundmsSn Sevinns s
d 29 5h M P
unumani lnden'ld
9 v
Tsdussanatnauun iy Wnszuaassas Inseuaady vasistialddenld

v v
audnyaemMs 199u wu i, o, s dudu

2.5 nqugnldlumsnivguna
2.5.1 yuzainledadegrunanas a( DS 1307)
9y A o S 9 a A £ a Y 1
wihiinmsianuves ledaiwgmnaiese fe afugmnaresddudszunlulns

2 vy A w o vy ' ~ a & o
ﬂ'E]uI‘Vl'iﬁmE)i Iﬂﬂ‘ﬂsGl?‘i‘l)ﬁ)ﬂal‘ﬁmﬂ?ﬂﬂnﬂ']‘ﬂ@ﬂuﬂ ”lm'mzsfluﬂwm LININASIDYADNINAN

v
v oA

a a ) [ o 4 v W
W, wn, T, Tudt, Suluddandd | @eu wazd) Tasaansoddusudeusl 1¥as s
] v
Ujnuldedngndes dmsuguauiamamaiinind iy e
A A Y 05/’ 1 a []
-Whledaiugmnaniilidoyaduniufiouded aunsolddeyanarlded

Weansedell aSaafng 192100



11

v o i < Y
- Imbwanudusumelued s6 Tud ensoldifudeyaiila1a
- lmsigeuse luszuutauuw o

9y ]
- 12995072990 IdeedmSene 1) odreen Tusa wazesaindoyananl3lg

v
ud LT WG lod

2.5.2 M3111914v84 DS 1307

To@ Ds 1307 SamsiFondouuutia r'c Tawezihanuiiugunsalmarhane dnfums
aﬂﬁimﬁaiﬂ?’qm%daﬁ'mf‘imuﬂgmmumuﬁﬁmuﬂ“lﬂumsaﬂm'mm‘u r'c lugilfi 2.6 ueag
dauﬂszﬂauwﬁ'ﬂﬁﬁﬁ@mz"lﬂazuﬂmmsﬁwmmm DS 1307 19500d%amme; ooy
W laddgyndnvesled LﬁaaﬁnmﬂugﬂL?uﬁ'ummﬂﬁa%'"md’fay,anm%?a Tuameiips

'
[ L=

1307¥1197u iv1 SQW/OUT welidyananinddimasudseennanoanat lunsdifi s n1sSun

9

'
a w v JdAaaa

iaseesduiiadygyuiadis Smaosniugy doumsifusvenaniuedy 1 umae
anuimsudsfivungow 64 lud udiaass il fidudoyana 8 Tud uazdumissaué
dmfufudeyarialudmiugldmsn s6 lug

nvmugundssy e aensnaevanzuealiidsslod win IW@ssdn g
1.25 X V,, Aogaruguld DS 1307 ngan1IN1nuTman1aatueamsanieluyiily
Tieruns@ndeu Ds 1307 18 afumsidan bs 1307 doeszdinse Teot W 1nE vanne
N1 125 XV n30Useutn 375 v luns@ifild v, = 3 Toad dwnnlldesiisndni 3
Tand 1o DS 1307 azirg Inuadesdoyanszuad Wi w hifimsdsdyanasiadesnun
winsadegnmiinshauieldmvesandu luege L fawaa

wesdtoaiseynsunely s 1307 1S umstmualiiumugluuuvesiia e
Taaifugesmenisdemssznin Ds 1307 fugnsafuaned oz Aldaummnsodhas
wﬂaammﬁwﬁi%’Lﬁuﬁmmgmzmi'wmmi‘h“l%'\amﬁ"q"lﬂ"lﬁiﬂﬂmiﬁﬂuﬂi’ay,amugﬂuuu‘*7;

fmualuszuuea °c



12

]

NITBRATAIAINDT l

[ RTC T

HALNATHITANIND

l

SQW/OUT WITAIUAY
- 4 4
dyaadivaoy
HUWANNIMTY
Vee ‘_>ﬁ I 56 byte

MNITNIVAY L B .
Ves > ! dmsuldaumly

WAWIY

aunIUANADIN
Vbat — |

SCL >

WIsdeds o ’ e N

fBIOAIATH )

_— HUUBYNTY /
Exc: N, BN S

10 2.6 ueasTasserdameluves ledadregmna1ese ps 1307

2.5.3 MITAaIIHHILBA NG DS 1307

Tuquii 27 (n) namsnsaassiuiivesmiaeaa ey s 1307 fud 7 Tud
usnAAUALBAIATE OOH - O06H Shuiufivess Samosanm Tuddenfiueamse o070
Lﬂuﬁ%}uﬁmm%’%ﬁmas"muaumi‘v‘mmmaeDs 1307 Tugihfi 2.7 (9) usmsswaziBonuess aa
wesAmaess TmansAIugueIDS 1307

dromsdnassiuiiuand mlgldmusoS endoyanaeeninldaniidesnslag
lisfludesermoenitanuadld @iwammﬁwm%aEﬂugﬂmmmmgmﬁu dmsunTs
uansnalugvesialus awnsaidon|dhdeamsuny 12 wio 24 $9Tus Tnefmuadifia ¢

d; A Q'l z:": =~ [ 9 U
YoLBAAI T 02H uaziieeniuy 12 43 1ue Nda 5 Tuueawsafeasusz 19 lumsuaase

v
aQ A

] Y v v
AM/PM Tagdhdaiiiiu « 1+ mneds s T luvaeddiusanamduiionsy luass iy

] 9 v
oy 24 %3 Tus datiez 15lunsueansa 2 veandnaulunules Tus



13

00H il 7 iindi 6 finil 5 finfi 4 infi 3 findi 2 findi 1 fiafio  imosinga
—
i [ T ‘
}—\—1 yomla g
i Hoyad i (ndndu) [ YDYATWIMN (HANUIY ) 00-59
L u | i g e \
uf | X ’ Foyamii (ndndu) | Vo3I (Han) 00-59
- | ]
iWou ‘\ - —Tz » i ‘
1247w f F2lue (ménd) Hos mn 919 , , 01-12
o7H —_il__ﬁ X \1‘{ \ ’ Woyada Taa (wdnmiae ) | 00-23
gy | VaARIMAY | | wil | AMPM | (ndndu) |
|
‘ I
| | 1 | ‘
\ X ‘ X X ’ Hoyaiuludlani

ﬁﬁ*j

Fosjaiudl (wini) Houaud (ndnwiae)

L
ﬂ“

|
|
|
|

|
|
! 11531 56 byte ‘ ‘ m(?:i:‘::: Hoyaifou (ndnniae) 01-12
R S R b e N
\‘ ‘ ‘ Hosyail (udndu ) l yail (ndnniiag) 00-99
] ’F*—ﬁﬁﬁ%%\%
‘ ‘ [ out ‘ 5 ’ T | sawe ‘
FHL ol J _*‘\L\;_J

(v)

_ F

WA 27 (n) msdaassuitennuswsunielu Ds 1307

(v) Twnzieavess YamesIium LA S S amesAIURUYRI DS 1307

2.5.4 1vuansiauaed DS 1307

Ui 2 Tnua Ao Tnuadoudoya uas Tnuagmdoya lumsldou ps 1307

a 9 ¥ 9 1 051’ d‘ 4 a T [
alndezldumms Tnuadwdeyaningy wosnnlylasaouTnsamesizdadesy DS
1307 mamu%mmmnm"lﬂ%mummu dauTnuamsileudoyasgnldaideiie

ﬁmmsmmt,’mﬂwmmmmmsmﬂumamm'lﬂiuﬁu’wmmm“lmmm"lﬂmmu i’)EJ"Nllﬁﬂ

'
A A

ﬁ"lﬂJLiJ’E]LﬁJﬂuﬁﬂﬁE]ﬂ‘U DS 1307 mﬁ‘luamwawmmmmaiwmmmmmsmmauaﬂauma

v
@ 2R

ﬂﬂ’iuﬂuﬂﬂlﬂiﬂ‘i’]ﬂﬂﬁﬂﬁ %“’E’]TL!“U@?Jﬁ VINUUY uﬂaﬂuIwmmsmamm;ﬂuT‘nmmia’m

Yoyado la)

L Inuamsiloudoya

ﬂtlﬂﬂﬂﬂ&lu‘i'ﬂ‘ﬂ 2.8 !J11@]14!:1[8llllT,ﬂiﬂE]LlIﬂimﬂﬂiﬂ'lﬂ'ﬁﬂ”lﬁuﬂﬁﬂTJwLi1]9]11(
START S) %Wﬂuuﬁﬂﬂlﬂwﬂﬂ"muﬂu@ﬂlﬂiﬁ 11010000 mumwauamaﬂmswau uuﬂam 0
‘ﬂ'lﬂuu‘ﬂ”iﬁ]ﬂﬁﬁi’)‘ljiﬂ‘ﬂ'lﬂ DS 1307 mumaumamaa ﬁwammamammﬂmﬁmmmiwau
mﬂuuiammausmm DS 1307 LZJ'E'JMﬂ"liﬁIE]‘US’UﬂﬁU?JHS EJ‘US?)EJ mswaamwmauam"lﬂ
ﬂ’Nﬁ LLE]ﬂLﬂiﬁ “riﬁﬁiﬂﬂl"llt’ll!‘il@hﬁiﬂllﬁﬁ“’LL’E]ﬂ!,ﬂ‘iﬁLﬁi%%wﬁﬂﬁﬂﬂﬂiﬂﬂﬁﬂ'ﬂﬂi‘ﬂmﬂ DS
1307 ‘Vlﬂﬂﬁ mﬂzmmimwumamﬁa"lﬂ"lﬂ L‘JJE’JHJEJH‘*U’E)?JZ‘IL?[?"I]L? EJ‘]J‘SE)EJLm’JGlWﬁQfTﬂTJ“’WQﬂ

(STOP: P) Li‘luauauﬁﬂﬂswmummﬂmmm



14

¥ I3
aAnMy  Toyaniuua LUPAATH .
3 v i R/ W Hoya foyn ang
ITUAY udAATH VDIUITU e
[~ T [ ]
’ 11010000 ’ 0 A | XXX A | X00XXXXX [ 1 XXXXXXXX

FoyaiiFoululée DS 1307 l
W

iﬁlllﬁﬂluﬂaﬂﬂmﬂﬂiﬂ

~ Y o v oA [ ) Y
1N 2.8 nansgtuunvesdeyadmsudadedu DS 1307 TuTnuamsidoudoya

2. Tnuamseudeya

Ugwunaadlugii 29 EudumsioumousyTnuemsideudeyn do lulns
aoulnsamesimuaaniizsudy udrdsdoyasmuatenasea auAIBToyaRAMIeTY
é v o Qg}l o ¥ o ~ A
TANNY 1 INUUTIMIADUTUIN DS 1307 Wenouiussuses DS 1307 sznvosdsdoya

Yo ¢ A % a A vy
vonulinylulasneuTnsamesasias 1 usamsa uie 1 1ud Tnousansafidensude
gafnzcs’fmﬁmsﬁmuﬂu1ﬁaudaaﬂﬁ1¢’x’aﬂiwmmiL%u%m AWMade Ae Whg Inuanis
Woudoyareu dedimrfideudoudeyn "lﬂmmiﬁswﬁmammmmmwamﬂmuﬂ
uoansalniidnass mudemsidenTnuanissmdoya Toynfisonuinn ps 1307 Fezifiu

mgjammmmmﬁmmﬂuﬂ"hﬂau‘nmu

v
anzduganIseIU

anne  doyadmua
Gudu ueaATe

s oo |1 /m ‘ X ‘m ) Aj

doyaioonsin DS 1307
Y

nIoudYYINAOUTY

117 2.9 puvvvesdoyadmuAade s DS 1307 TuTnuansedoya

2.6 nquldlumsdszananadialulnsneulnsames
2.6.1 aoinenssnved 89CSIRD+

2.6.1.1 suziin lulasaouInsames

v
~

TulasneuTnsames dWululns IWswmwesszmnmils 183 unseenuuLde
IFufuszuumuguiifannadn lavlod lulasneuInsamesnilidezlsznoudaemin
MIhundnvesIzUUABNNIADIATURIY 9 mizplszinananatmsedily  (CPU),
mieanui, wesnlunsandensenruquetnsalaen gy Fedmnindumsigeny

Y
A v @

@ ] 4 o { v '
TasTilsaseivialal Aezdedldgilnsalmeusnindsenonitormifimei autusindn



15

"l@m"luIﬂiﬂauimamasLi'fluswmmaummaimmmmmwaumm Teussqgegluled
INENAUAE7 “lumaﬂswqmmi on lulasaou Insamesiuilu szvumugy luTnsneuiunes
F1liden "luimﬂauimammmwﬂa MCS-51 Uszneudae "luiﬂiﬂauimamm‘nmfﬁumm
ﬁm‘i‘]ﬂﬂﬂssuwumuwmmuﬂu Weaualvaniofuvesmitetiaunelufisesy

0N 1/ mammmmmu‘lmmﬂszqnﬁdwq AUAIUADINTS

Y
2.6.1.2 ﬂmaﬂymzﬁugmmaﬂﬂmﬂauTwsasaa%’nga MCS-51

- nslszunanaevuig 8 O

- mislszuranadmiudeyauuudia (Boolean Processor)

- Anasa lumsdredumisvesniaennus lsunsumeusn 64 Ala'lud

’ mm’mmia"l.umsé’m‘iumﬁwmwﬂwmm*ﬁ"ﬁﬁ’agamauaﬂ 64 dla'lud

- mdanui lUsunsumeluvine 64 flaluduuy Flash ( 185 89C51RD+)

- AN MUY RAM melus iy 128 Tug

a o A o U s
- wa%’muwmmﬁnm BLIVYHINIIUIU 32 13U Feenasouennisyiau 1 deeesase
= 'N%sﬁammuuwﬂimmugmaﬂcﬁﬁu ( Full Duplex )
[ YRR 't o a [ Y

- NIIMUVANMIYANHIL( Interrupt ) NINunasiutadye i 6 Uszinn wiou
o o w o W Y [
fmuasnuanudny laaesszay

- 995PRABAANOS N1l

2.6.1.3 Inseerdreveslulnsneu Insamesaszna MCS-51
¥
luTasaeuInsamesivesiugudmiuaszna Mcs-s1 Idurnied sos1, 8031, 8751
4 v a o &L~ ' o o v a
Taowes 8051 TaduamBndusnluaszga Fallmbenruirdmiuiy Tusunsumelus

o

@y ROM e 4 Ala'lud wazmheanuhdmsunudeyarialmely Mcs-s1 RaM)

Aaa

wsiuau 128 lud Tinesavine 8 Ta 4 wesa 5 SmaedlumsdnSanznnmeouen’ld 2
%iin mamn'i"udﬁ’fagmmuaqﬂmvhumawa{mﬁamsmagmmuwﬂw 1199300010
wos Woadedygnanninmugumshoulugues druwed §751 wilguauiamiou
8051 NBEN Andumssrdanheanuidmsudulisunsumeludweuted 8751 e
Ty EEPROM unufiezifiu ROM dauiwed 8031 szmilonsuwes 051 sefuiiag 8031 92

Y
' v o o v g @ T W
lifimbsanuidmiufudeyaneludauming



16

2614 Tﬂsaﬂ%’”mmhﬂmmﬁwma“lumm"lmTﬂSﬂauTmama{mzqa MCS-51

lulnseuTnsameslunsegn Mcs-851 ynfesuamihenuieendiy 2 g
A 1 o o [ [] o o [
A9 NUWANMUIIEMIUAD 15653 ( Program memory ) tiay msanuidmsufudoya
( Data memory ) IngvtheanusrdmsuiiyTalsunsy wldinuTusunsunugumssheu
9
a o v o [l =1 (] Y J (=Y o
Y09F1 MCS-51 vwweseiimeanudidiuiioglud usinauede ld vlddeady
9
Tsunsu B3 lumibennuiimevensianua dwmbeanuihidmiududoya 19dmiuy
9y v o [ J ] a o 4 ] =1
ToyATEN ML MCS-51 yyaeseefidaudleglugdoyasmaunis udezdunude
Y L] dg’ -] o a
ueawhladusgiuesvosdil
mbwanuiidmsuduTdsunsy Tu'led Mcs-51 wuilsennsiy 2 U Ao e
o o v o A [} o o [
anundmsuduldsunsumelu$l  (ntenal  Memory) Az MuFMSUAY
Tisunsuneuendy (External Memory) vnevesnitsanuiidmsuiu ldsunsunely
v v
¥ Wldaed 0, 4,8, 16, 64 nlalug Yuadiuwes ey mirenrus Tusunsuiiuoas
SSUAUD  0000H iledig I8 umssma S udumsion  sxdenndSuduiieansa
9 Y v
0000H Hiue o3 l5fam Tuiunvesmieanui Tusunsy lidee Idaumelunsens
<] 9 a ﬂy ~ o [} Yo @ a a Ju (o
UBNNMUABINNMTAIUNUNA MU BdmSumsuS nsdumessald 6 Uszinm sz

Jd

a2 8 lud Uszneudae

e

UNAMSUNMIUTNMIBURBsTUA 0 9nmeuen smua B3iuonnse 0003

=)

o

undmsunsuSmssuweessldnnlnwes o smualSiueamse 000BH

=b,

UNdMTuMIUTsoumessld 1 mnmeuen fvua nuoamsea 00134

L _S

{ o Aa das | o 4 o {
undmiunmsuimssuwwessddnnlnwes 1 Smua3iueaasea 001BH

=pe =de

uidmiumsuimsdumessiduesmsdomseunsy Amua ifueanse 00230

=D,

e

{ o o a o 4 o {
uﬁmm‘umsm msﬁumaé’sﬂmm'lmma 2 mwuﬂ'ﬁﬁuamﬂsﬁ 002BH

=p

mihennuiidmiududeyaves Mcs-51 szutiseenidiu 2 dau de ML
) [ a v o o v v o
dwmsuhudeyanelul uaznieauidmsunudoyaneuen  Tagnteanud
t4
dmiunudeyaneludl Sunisesndiu 2 daudessl

- dudldifuvesyavialy (ntemal RAM) Wumbeanuhidmiufudeyaiitiod
] o 1 dyd Y o o =] 9 o ] I~ [l 1
mMelu MCS-51 wmﬂmmmmuun"l'ammmﬂmmga“lummwmu wiseenludIugeee
(] (] A a o (] A < ° o ]
3 du fie duiiiuiTaaesuued Wudwildifudeyalumsiouialy weendy 4
a L4 L] { ] o { [
LUNALLNARE 8 53ampT AD RO — R7 dufideg Huneanuifiannsadnasidlusedy

a ' Y A 1 oA Y 2 Y s
Ua uazdiugamensdiunansadnne1dlusedn lud



1 4

fipnenyAna1l NszaoNinaIMANIEIN
17

[l PR 9/ aa 9 ¥ & = . N °
- dwnlddius VAT IF LRI (Special Function Register) Humissanus
S g <3 & ) a 4
dmiunudoyanely Mcs-s1 Fegnmualdiius Smaeldmuane WOAILANMS
UL IenaIUEYesERY eenn MCS-51 greonuuu W lddmSumsmugusz iy
I o K o 1yd I L] né o ‘f' 9 [ Gl v Aa A
AWML I InuanuTINsammgdmateesy sedududeserforsesnelugafideiy
45’ Y o
Bunenlulas Tlswawesin i msnruqumsihauvessesnelululnsaeu Insames
[ v v
wnsehus Yamesngntmuanthin udr Sofumindesmsld Mcs-s1 1WSseans
o Tsduihudemsumbhiinshenmess Smaes dmunmzusazdldasBen SSmaes
% 3 1 1 o o v g % a Aq @ aa gq ¥
Isoummznmuaeglumennuiridmivfvvesanolud vSnai i anesld

NTHERNIE

2.6.2 MsAiafedem sz ledlnaszuuiia 1°C

Y v
2.6.2.1 Anuiinsduieiuszuntia 1'c

I'C 6021970 Inter-IC Communication Meda MsAndsderssznaled Inetia rc
5umsanntulaeiald ( Philips ) AdByAsvaondn fo AeamslilednseTuga
fmmnaﬂﬁiaé’muuazmuaumﬂ“lﬁ'maﬁ'tynuntuz,ﬁmz:,ﬁ'u wunileiie medoyn (aedoya
BUNIN W38 SDA Serial data line ) SmduUNile Ao adedNNITN ( medyanuuiim
oYNIN 138 SCL Serial clock line ) AlFluntsimuasamizmsiam mssesiuduves
ginseluutie r'c i lddeun Wgsremedoyauazmedagnaninesensaludaz
vumserifuhl dumsimuaueamsaniedumisdmiudndeglnsaludazdn 9214

sWadeyaunzmssmuadnzasinnvuennsavesglnsaiudasdn

2.6.2.2 Aaiauiia lnena lveaie I°c

a0 SDA uag SCL lumedayann 2 fiAMa ( Bi - directional line ) lnefidasins
U 9 o v = a a A ~ a =
aeneAvaYALULT I'C Fedia 100 filaiindoTuiiluTnunUn ( Standard mode ) uazquits
400 AlaiindediiluTnunn1uiage ( Fast mode ) msdhiagulnsaiuuila r'c 144eyaly

msidila 2 /1 fle 7 G ( 7-bit addressing ) 159 10 i ( 10-bit addressing)

2.6.2.3 ianmsveeszuuld 1°C

Ve I°C Usgnevdiseedamn 2 1du dai ldnd1uudiie SDA uas SCL 9Unsain

~

v (1
Aewnuudaaunsailldnnne duiudsdesdimssmuagiuuuvesmsaadouuta el

9/ 1 dy G A v w L] d o v @ A v
AlFaunswh vagtiginsalladndenued uazginsaidr ladiudsunsedads

Ll

oA 1 1 Y 1
gunsainidudadedoyansedadoya Sondt dada( Transmiteer )

459606



18

’a & @ a Vv w . %
gunselfidiugSudoya Fondr §a50 (Receiver ) Tugnsafmiia e amnsadiule

v W Y i

W5 uazdeds vgUnsaiimihiiduiiudiesedwdior o hiflgdnseflauusa e 7

SQQ

Y

Mnthidudrdaiieseenudon
7 o Y A o a ¥ Y 2 =~ ' o
gunsaimimihieauguitmazmsaadeuusia °c Seni uimees ( Master )

7l { 4 1 Y v
punsaifgnaIuquuiegUnsalfideritad luutie Pe Sondh maw ( Slave)

q

Y

Yoimua 2 dsemsdnguesmsfaseuutia I'C Ap
v Y a dy Qlci CY v v o?/’
- mstienenvoyaszinaiu Ao dahaminiu
- Tusgninmsaeneadoya Welafmuitans scL tanuziluaedngs meteyn
H Y v v Y
dosimndeyal’ e liifanmsudeuasiugana Saziy doanunfaiuee 1d5ums

wlanummnedudygnuntuguuny

2.6.2.4 annzinaduuulle I°'c

da d ay o A
ANNITVNAVUUAWNY 5 NI AD
v

v ]
- U9 ( Bus not busy ) an1gHineduiloaauzasanuueae SDA tas SCL Sluas

glo'./ 9 d?l

Ingeisg dumneand nsaeneadeyaawiseS uduTuls
1 b4 r H
- Fudumstovendeya  Start data transfer ) aduEeas SDA Smsudenulas
] H v Y b4 )
szivaednngelildr TusmzfimescL Haamizanings Senanefifasuiin annsisy
AU (START)
Y ) H
- ngan1steneadelya ( Stop data transfer ) iaduiiioas SDA Hntsaldeuuta
% Q 'ﬂ { ~ = { =) 43 d’l|
swavaednnnd lilgs Tuvaiziions scL Sanmuzaeings Senanneiifasuiiin ane
tiga ( STOP )
Y Fd 3
- doyadisseguuta ( Data valid ) anzflifadudaninannzisudy Tneaouzas
[ b4 v r H
InfifiaTuLUa1e SDA Adedoyaiviimsdenen deas scL WuaeTngs Taveroueiiae
v 1 £ 4
SDA desnst iiveligunsaisudeynlusanazfudn i « 0 « wlodly « 1 « Joyaniuia
{ { a o v A < { a '
msalasumlaslduaziicns sc fuasind1 udillolafouiidosnsidimamssenaade
' 2 a A Y d' ' d' a a
}ARINANY3B A0ULARINTIN SDA ABsnsNiAneAT N Tiaty SCL Taauzaeings win
v v v Y
amsaldsuntasaomzoednfiane sDA Tuvmeiians scL Unevngeegiiu gunsaline
74 o ' ¥ I~ A A 9 Quy
wesImmInuqumItieneaveya szulaanumneduannznganieanz s uduils

o

v E4 v
lddeyaivhmsmeneathudianufanainiiu

b4 H
- $u{foya (Acmowledge) RaTundsnniimsdionendoyanndadandsdiiuia
4

v
VURINANLS

EY)

anuziiluaeings ndsnnfidedoyauasudau duginsalinmaesveimsdedyanada

U

Tagdaderzinisdadoyam 1 da ot a5 ( Acknowledge bit ) 5



19

'
) y A o ga

a & s U L4 e ! v 1
Lﬁﬂ“ﬂﬁﬁu‘wu‘f; ‘uammmmﬁm L‘ﬁf]ﬁ@ﬂﬁu@ﬂﬂﬁiﬂiﬂﬂﬁﬂ"lmﬂﬁ’lﬁﬁ maﬁ’mmm%wm

[ ) U

) exle

v yaAa Y K

uasugny ﬂﬂ?ﬂ”ﬁf’)%ﬂﬁ'lﬁﬂ‘ﬂuﬂﬁ @ﬂﬂimﬁmw'ﬂﬂﬂ@TQﬂﬁﬂluﬂTSﬁlﬂ@@‘l’ﬁEJﬂ"lfN"l]‘"ﬁﬂﬁﬁ]'ﬁ]ﬂ
vz ﬂfawmzuﬂmsmmaﬁauﬂuaﬂﬁmnm"lmu%u"aimmax'lum‘i‘lumifmiaa
Y
ian

A~ { a v % (3 <]
Tugia 2.10 rﬂu'lﬂazu,ﬂmnmﬁuﬁmﬁamﬁmﬂamazm&q vutie 1°'c liddezidy

annaziiahe, Sudutoneadeya, dwmoadoya , Su? uas ngAMITIENeAYeya

SDA ilasuain« 1 «iy <o«

. i o i SDA A47ifl a9 <0 « SDA ifasuin <o« iy« g«
vz SCLiTlu 1 «iife ® - 4
S . Tuvmuedt scr i« 1« faifly Tuvaied scLfhu« 1 «fife
annzsudu : M
SDA Msnienoadoya <o« annevya

SCL

i
SDA iflyy « 1 « SDA agiifl apan 1 «
SCL iy« 1 Tuvaed SCL il = 1 = faifly
LERPFATLERN Mateneatay « 1«

Wi 2.10 uaaslaezunsunawesanugeiey Tuta ro

2.6.2.5 MIMUUUTZUVLTE I°C

ﬂ'auﬁfnzL?nﬁ'umsdwwamzﬁdnqﬂﬂm‘fﬁha ‘) ﬁﬁiaagﬁuuﬁ'ﬂ Aoslinsdradade
riow Tasmsdrefegunaiuude e vuaiinsdeds 2 Sawae Ao w7 40 uaz w10
fin Tunsdlifainsaldesduuialun ansaldmsdretonny 7 5a'ld udd Seilnsaine
oguuTaInng 127 wemnsauda Suffudesldmsdredann 10 oa Tnsiindsnnansesy

7 1wy g Yy & A g9 ' ¥ o
Qﬂﬂ‘iﬂllmﬁﬁ,’ﬁ’ll’lﬂﬁ gUIDHLAD ﬂﬂzliﬂﬁuﬂ15ﬂ1ﬂﬂﬂﬂﬂﬂﬂuﬁﬂuﬁ@ll'l]

Y XK a
NITDWONUY 7 U

] o da 4 o A 9 A

Yoya ludusnifaTundsnnanizisudy o ﬂjauaw“lcv“lumimamaﬂﬂmw
ﬁmmmﬂﬁamﬂ %30 ToyafmruauenaTa Tﬂﬂmﬂzmuuﬁm"l"a'“lusﬂw 2.11 1u 7 davy
sanmum MSB @78 i]“anuanauamﬂsmmaﬂnsmmaﬂmmmsmﬁa Tasuadly da

4

RMUALDAINTAAIH ( Fixed address bit ) 11U 4 a cnwamuqﬂﬂsmmiazmﬂsﬂnmwuﬂ
nnnduan luaunsan/fountaadianld Sauisn 3 daidlu Sasmuaueansaiiamisg
Tasunsul® ( Programmable address bit ) Taogldaudesimunaniuzansnliuny A0— A2

%@Qﬂﬂﬂifu‘i’mﬂﬁl‘if@ﬂJﬁf]LL‘Ull‘]Jﬂ I'c duluia LSB Lﬂuﬂﬁﬂiﬂfﬂ"lﬁuﬂﬂ'li’fﬂuﬁiBlﬂlﬂuﬂla



20

Y

gaﬂuaﬂﬂmmawmuuq viniia LSB 1 « 0 « nuefsdosmsdoudoya ludmlnsad

v
v ' =

T uagdie LSB il « 1 « famlumimummgamﬂqﬂﬂsmmummu

- . 2 dafimuaneaiase
vam i uaLeAIAT T AN v

Tdsunsula

Ui 2.11 waasguunvestoyasmuaueas a1 lumsdradann 7 Ga

1 2 W Y o
doyaluluddenn fie foyaniunu ( Control byte ) Tugilnsaludazfafinssmunde

yamuauiuandniulyl sndredi Tedunewesn Sdeyantuauiildfmuain dalaiy

U q

a

oune daladhuerdye wwnziiled ADC/DAC dosmsdoyamuguitedimuaiiosld
o o <
auiuaees Apc wse Whamuiiuaees pac dudu
9 J v A E) d'o 1 a [ Ao 1 9
doyaluluddenn fe deyanimsmenease (Data) naannNMInIeneadeya
1 4 2 Yy Yo 1A 1w v 9 [ Y u’:l A
hundazlududy qunsaimantitldunsinsedesdedayaasuneundumdaennass e
sl’ﬂﬂ‘i“"U’Juﬂ”ﬁmEJ‘ﬂBﬂﬁUaiJﬁﬁTJJﬁﬂﬂ”Imu%aLlﬂ‘lﬂ Tavgilfi 212 uansguuvvesdoya

aumuwmmu"ﬁumsmmauuuaI @ ‘*UfNﬂ"l‘i't)Nﬂ\iLL‘]J‘U 7 U@

P y  rd P Yo e
doyaludni doyaludn2 .
3 5 Ny \ Joya lmﬂa"lﬂ(n Tud )
| nonLeAN sAYB N ol | awanamuqnmswmu M
i“ i o y ety - maumsammms _';
TM0N15ARADIAZYAIIHING ‘ mmqﬂﬂimﬂﬂmmsmﬂﬂa
Tunsanee (o umsaon) %50 Control word
Ay i o oy o Y v Y
FuRu A6-AO =0 5§ €6-Co RW | 533 D7-DO 5u | wga

L dunvnginsdimaninhnsdaded — dannnginsdmanivimsaadodan

Wi 212 uemsgiuuuvesdeyaoynsuii lfandofuginsaluutia 'c e ldmsdradaumm 7

a

ua

Y XK Aa
NITDNNILUY 10 VA

v v
Tumsdwfavuiifinddyuundeyaoynsuiimousinuy 7 fa mnudeside

4 a4 g v v ul % v a A ¥ g v A
yjﬁlwumuﬂluu“ﬂﬂuﬂﬂ Iﬂﬂium@uﬂﬂ UALINUAINNNA TN IS UAU ﬁﬂ\‘iﬂ’lﬁuﬂiﬂ 5 uUa



21

] ~ a [ a Sl a 1 a
vutidoyaidlu 11110 daudn 2 9a nﬂmy‘ﬂu‘uﬁuammﬁmmqﬂﬂimwé’f@qmi%zmma Tuia
9 4 [ I o vy 1 A A Y [ 4 o A
LSB ﬂlawam"lumasﬂmmtﬂumsmﬂummmmsmummwu%yamqﬂmmﬁmﬂmw
Y a 1y ) R & v Il o/ ¥ a
ADNNITANRN DN Y ﬂlﬁ)ﬂg‘ﬁ‘lﬂﬁﬁﬁmuﬂuﬂlm&l‘ﬁ!,Lf')ﬂl,ﬂiﬁnluul‘ljﬁﬂ 2 ﬂl@ﬁQﬂﬂimWﬂ@ﬂﬂﬁﬁﬂﬁ’O
v v L 2 & 9 v ) & a 3 v a Aq v a
738 ﬂlﬂuﬁ"lﬂﬁﬂﬂll‘ﬂfﬂQL‘]J‘H‘UB?Jﬂﬂ’]‘UﬂlI ‘il’E]iJﬂﬁﬂ\i‘D”Iﬂuuﬂilglﬂu"v’éma%50W1%1Hﬂ15ﬂﬂﬂ@
wummﬂumimmumu 7 ‘]_Iﬂ ﬁmmﬂmsmsmaﬂmauamuwn'lmum Glﬂ»ﬁiﬂﬁﬂn“’iﬁﬂﬂﬂ
91

ﬂlu Lwa“lwnswmumsmawamauammmmmum"lﬂ"lﬂ 1145’1]1’] 2.13 LLﬁﬂ\ﬁ‘lJLL‘U“U‘U’PN‘UEJ

Hﬁ@uﬂiﬂﬂlﬂﬁﬂﬁﬂNﬂﬂLmU 10 1

doya'ludd 1 doya ludi 3 Hoyalusde
A P a v s ;o n. s
idenmsdwa 10 fin doyaludii 2 dadioyaniugu (n'lugd )
| ‘
« doyafo Lo das ) | deyauominsa _,L_mimamamqﬂnim,,( % Foyaesadi
xx flo fauomasy 8 find1a | fidesmsdade nie | Ao
214auu) Control word fonoa
a ¥ gl o 9 @ y" } ' v 9 [ v 9
| Sudu | 1iiioasas  RW=o | [ AT-A0 su3 Cs-Cco | RAW | D7-D0 g
1 1
L = T
m:nmﬂqﬂnsm:imﬂ_’ = dannnginsaiaaninhnisdededas
hmsAadonie

Wi 213 uamegiuuuvesfeyasynsuiildaadefugnsaiunia Pe iel¥ns ety

10 U@

2.6.3 msudasdanaeasnaanoea

2.63.1 milasdyanuewasnfdssauuuilssanuilndiaeg

[

msulasdyanaewinenadaeauunlszinadlndifes ( Successive Approximation

ADC ) dhAsA RS umwilagaunsiszinsamd Tavamnsnesiemsilas e
v
Taldi

ar o 1 a
auyaIudunsuiasa 4 Ua

[
a A

fdadl 0 e wlva 1 Toad , rdaft 1 we sxlden 2 Toad , driiadl 2 a9z 1ee
4 Thad uag $10a7 3 e 921997 8 Taad

Avansulasirdaygaeuann 13.5 Taad Ifudyaudsaen

o

=3

3 [ a d' =1 v o =3
Tuduaouusn wwamwesdan 3 198y 1 Aoy ot sl eudisunds
Usinginiesnd a1 13.5 Taad fezase 1 ves dad 3 13
1 o 1 A A I y o [ ¥ { A
apuAiimsian Saf 2 Wndlu 1 worh lUsmfumima Bvestadt 3 13118 12

Taad dhsesilS sufleuudnlnnghdenadosnd 3.5 Taad 8enesh 1 vostad 2 13



22

A Y

Apuiihimses da7 1 Whilu 1 devhldsamsuaiirum 12218 14 Thad 18199
a a ) ' ' =] ° a da A P oo sy ¥
wilFsudioy udnlnngimnndi 13,5 Taad fexiimsnaesien 1 o2 seuiia Thadila
iy 12
v v ) ]
Tudupouden Mhmsmaaiden o Wiy 1 dWerhluswsuiidiua udaee 'l
v [ d I v a {
13 Tad Wneesif suieundalsng Yeen113.5 Taad Aezase 1 vesdiafi o

9 [
AUl ag Vlﬁ]ﬁ %zﬁ‘Ju 1101

Y
2.63.2 doyaiiinsduves ledulasduanueuannasasa ( PCF 8591 )

L‘i'flu"1ac?fgaﬂaeﬁ'ngnuj1tuﬁﬁmmmmanq esnnludaiuiiness ADC uuuiseina
Alndifiesrinn 8 Sagedie 4 9o tnzdefiness DAC 8n 1 903898 Tneszuunsieusesiy
wwutie I'c Ml ldamedyanodion 2 idulumsdoude uazdsannsadenisiuldgegats
8 @1 1181993 ADC 39ugefs 32 909 uaza995 DAC T2 4 P9 e ot

Jq Y v 9/ = = wa a o qy
Uszgnaldnuldedentienns Taslineazdeaguausamanaingsd

- e lagldundeielvlyaden

- fauius e 2.5 6 Taad

- NunSEITYRIzRg luan R AU LIER

- Andefy lu Tasaou Insamesmussuutia r'c

- AT NALMINIEANT ANNETAITIINYT AD , Al , A2 ThlFE NS adETINg
uldgegaia g i

b4
- 95 msudoya ( Sampling ) YuegfuanuiSwesdyaranniinmuse fc
- wvsulasdygaewneniudaea (ADC ) aunsesudyaaeuiasn’d 4 9o
v A Y1 Y o ' =) Y o 3 a S

wazdadenlanlihauuiendesvsosz Idhaudiusesanes udea

v U o Y d‘ ] a 9 L7 wva
- Msomansafmualinourestunn 1@ lnssa luda

2.6.3.3 ANULBAATAVDI PCF 8591

b4

% a 1w g 1 % o 1w

Tusguutia r'c nsaanenuglnseludazizdesseyuennsauesgUnsalimaniy

Y v

ptday Tnsdeyafmuaueainse 4 Tauusziiiudwennsmnwizvesglnsaidniuq 7
smumnnngudn Fldoldamnsanldountadld dmduled pCF 8591 iy

1 9 a w I~/ ' A % [ kY4
1001 ( U ) mumay,a 3 ‘]Jﬂﬂﬂll"l‘i]&llﬂﬂ'ﬁlﬂ\ﬂlﬂﬂ!ﬂiﬂ‘ﬂéﬁl"h’ﬂl‘lﬁ'ﬂﬂ‘iﬂﬂ"muﬂllﬂ‘i’l'l\?

[

siawsinedenled PCF 8591 faildesnstnsedaslunsdiifinisdeldy PCF 8501 w1n
Y
A 1A dauda LSB 1§ lumsimuaiidesmsemsedoudeyadu leddaniug



23

2.6.3.4 01aR2UAUYE4 PCF 8591

nasnndedeyadmuaueansaliun pcr 8501 udr Resdedoyaniunuanliga
wodmuagaeuiivessuladyyueuasnduitaea oy WIslaedguATaea
{Hueuaen el PCF 8501 Taeiinenzidenvesoyalundaziindslugyd 2.14

in 6 vosdeyamiuaulddmiumsdundiavewneneinn Wedosmssunuda
Y o ) Ady
apsfimua Tl « 1 «

e 4 uag U@ 5 vostoyamugulddmsumsdmuagiuuuves Ty meuInendy
wafiflouliun PCF 8591

ia 2 Mdmiudongiuuumssmdeyarinudunmeraonizdiunssmon
=3 a a =) ' = o w a Y Y A Y s o v 9
INNPUWAIALTY NI TUUVLIT B9 UNNIUNR  D1deemsden e uuuus sesdisudes

9

Amua I daiidu « 1 «

a Q

U 0 ung a1 lddmsusmuatensdunaeutaeniideanseiy

& o

Yoyanunuianun sz 13105 Tmaesaruqumely PCF 8591

2

=1

9
wetwlWliud PCF 8591 aausniadie vosdoyanelus Tmansniuguezdiy

“0“



F09TUNAVDI A/D TideenisAnse
00 %94 0
01 %04 1
10 %04 2

11 %9493
A ' ' o va A a Y o IS
INUAINTDIUYDI09 TUIR (auuuan MKy « 1 “)
f‘imuﬂgﬂlmwmamaﬂﬂﬁu‘vgm
00 BUNALAAZTOUIN I UB AT
ANO
AN1

AN2

AN3  —

01 duwauuuAieIswFoa 3 voq

ANO -+

AN1

AN2
AN3

10 BuvanoniudszRauTUAoIs T | Jos
ANDY o Gl T &

ANt —— .
AN2 i\/
AN3 — -

P2

11 filleiswiFua 2 Suya

ANO

AN1

AN2 +\
\\

AN3 ‘/

a a J a Aa 9 o <3|
uﬂaﬂﬂmmaamaﬂmmmm (BUNVanIMuUaLiley « 1%)

d' a Y] A a aa 7 a
Elh/] 2.14 Llﬁﬂ\ji18@3lf’)ﬂﬂ%aqmagaﬂ’]ﬂﬂNWl%ﬂuaﬁiui ﬂﬁlﬂ@iﬂjﬂﬂﬂﬂqﬂﬁluqamPCF 8591



25

27 ngugildlumsuanswanazifudoya
2.7.1 MIUAAINANISHI BB AINANULHNANYA) (LCD )

2.7.1.1 swagpeaing1ny LCD

E4

Tuda Lep selidauilseneumdne 3 dau fail

o s <2 ~ Y @

muaasra ( Display ) melufundnmarfiannsauaawaliifiylnsedouasatn

v v

mewen Auiudsdesedfeyutumsuesdeyafiuaasmauue Lep

@IR9UAN ( Controller ) Li‘Juﬁﬁm’fauamﬂa11ﬂsnfmﬂu'e)ﬂmﬂ’mﬂnmsﬁmwm
LCD W 0U900W uaasdisnys niomewnesiimes ludy mmuﬂuuiwﬂmmuiﬂa
w2 $denld Ao wed HD4780 1oz HD61830 Tt HD44780 92 19m2uY LCD uwsw
9nYsE d2u HD61830 1¥M1uqu LD mmnsiln

AUy ( Driver ) Lﬂuﬁﬁiﬂﬁﬂlﬂﬂm‘l]'lﬂﬂ’Jﬂ’J‘]JﬂiJ%JﬁlUiﬂﬁ’JuﬁﬂﬂNmLﬁﬂﬂ"Uﬁmﬁﬂ'l'JJ‘ﬁ

Y
v oA

Mriua ﬂfﬂwiwmmmflumwu ‘lﬂLLﬂ Llli’)i HD44100H (82 MSM5259 Lﬂuﬁu

2.7.1.2 Tnssadumeluvesdanaugu LD

lumslfon Lep $ufludesnnudhlofoadu Tassad s s dai19umsany
qulvdiderou Tasdauae nmeluvessniugu Lep 719 Lop wunshuse dszneu

v
#1738

C% 1 { a ¥ plos 1 [ 4 {
TlinesBunamIdna r‘i‘lumuﬁ“l%”lumsﬁﬂﬁammi’fay,aﬂvq'ﬂﬂimmﬂuaﬂ o f

winendeyadioenntsludiniugu

9 o w

T enaesA ( Instruction register : IR ) Wi Tmeesildsudeyamideninginsel

U

Do

mouen weth larugumsuanswa

3 Yennesoya( Data register : DR ) Hus Smansii g5 udeyannalnsaineuenite
feneade lufimbeanuiiihwihiflidudeyauraima nyoihdeya liladredsnusiiy
wnlunsufufsnys

usuiiudeyauaaana ( Display data RAM : DDRAM ) WHunreanususufivimt
it udoyafinnnismaed DR Tasdnuguazthieyaly DDRAM Faldams ( Look-
up table ) mmmﬂﬂmmﬂﬂ%’iuwmﬂmmmsammzmumumé’nyimaﬁﬂﬂuﬁmﬁéﬁ
LETAIHA

5OMAUFISAYS ( Character generator ROM : CGROM ) ifluniiieanusisoufildgy
foyadrdnusmiedydnualiicnusns ween liluaasiigauansnale Suu 7200 1 Ing

2 QneUAIA1vesToyaly DDRAM



26

S v oo v o {

WINNUAIONYT (Character generator RAM : CGRAM) Wumtiheanudusufileiiy
v @ Aa 9 A a dg’ [] Aado o L=t =) a
monyInuMsasmuaLIu Il Tunstifididnusly coroM lidesme Svne 512 a

14

ms@ounazema L1 I sudensy cGroM de Aendeyanslu DDRAM udada
AIUANILIBIUAINN CGRAM (04

uan BUSY Lﬂuﬁauﬁﬁmﬁwﬁu%’mmu:msﬁmummﬁamuau‘lﬁqﬂﬂiﬂfma

v v Y v

ueMIIIN MmuguwieniissSudeyansemdmie'l AslursumMsdsdoyansefid

t4
NEAINIVAUIABIAT AR UAN T VAN BUSY Hiderow

2.7.13 wﬁﬂmaﬁnmmawwﬁw Y99 LCD YU1A 16 AI89AHT 1 U354 (LCD 16x1)

4
~

y 9
LCD 16x1 e ldnuvisiu 14 11 TavsieaziSeamsiauvesusaz g
V,(111) : AONI1IA
9
Voo (112) : 6o Tvlides + 5 Trad

Vo (11 3) s flundunesunssduitoySuanuduvesnsusa g

9
Y !

RS (11 4) : Li‘lum1§uwﬂ1%'1uﬂ1suﬂﬂﬂfﬁﬂmmi’fauaﬁmmsﬂszmawa“lmmsumw

[
o a

Dumdsdmins samesir vioiludoyadmius SmaeiDR Tnedraniigiy « o « Joyafids
wezilumide ugdruaitiy « 1 « ﬂuauawmm*nwﬂumammmummﬁmwa

RIW (11 5) - L‘i‘lmm“hﬂaaﬂmﬁmummwumagaﬂu LcD auflu « 0 « fluns
o YA 9 Y I~ [ 9
Amua Iideudeyn uaduiu« 1 « willunsemdoya

E (11 6) : @uvdundals LoD $gu

d' £ ] 9 v ] o
DO - D7 (W1 7 — 14) : ri‘_lumm“lﬂmflumamumawagmzmw LCD fiugilnsainieg

UBNVYUIA 8 Td

2.7.14 eledmSunauau LCD

v v v v
Mdenungu LCD vesdilmugy Nd eyl 10 mdedei

'
o =) [

mmmaﬂsmuﬁmm ( Clear display ) fideyadidaiiu 011 dumdildiFeoudoya

¥

5993191971111 DDRAM a1

o w o Q o o g s
fAY Return home Avsimunalida 1 vosdoyafiu « 1 « Hugdildnosimos

[
A W

mﬁ'@uwnau"lﬂé’aéhmﬁqcﬁwqmm%auﬁmwauﬁi%ganufnau,ﬁmwa'lmﬂﬁﬂuuﬂm ufo

3
o Q

doyamdatiozidiu 2 vse 030 818

u

e

J
o v

AdudenTnuamsiloudoya ( Entry mode set ) UsenziBeavesgiuuudoyasids

1
=3

Aag1l9 2.15



ua 7 UA 6 a5 Un 4 ua 3 a2 ua 1 UA 0
LT T f
’ 0 ‘ 0 0 ] 0 } 0 ‘ 1 ' /D S
| |
I R S| l

JUN 2.15 uﬁmimaznﬁﬂmmgﬂwﬂui’;’agaﬁwﬁaLﬁaﬂiwuﬂmiﬂau%’aya

fia s Wude ¥ lumssmingnyne LUDINTUTAINE maumiﬂamaua DMInda
Sy LﬁJ@LﬂﬂﬂJ@ﬂJﬁ”lwuuuﬂauﬁﬂewa ﬁ’JLﬂ@iM’e]’i%“’@fJﬂ‘UVl udsnuIToyaIANIzgnAY
Tmadhe usmndaiisi - o mmﬂmam“lwummmwmmmau'lﬂwmmua

19 I/D Hufief 1 lunsdmuad mawaumamuwauaum m"lmwmmmm
DDRAM mmum@aﬂawumammﬁ Taeddaiiiy - 1 “ LOANTTVDIDDRAM Ui Y
uaduilu « 0 “ LoAnsaYBs DDRAM 2an0s

MFIRILGUMI UAAIND iswazeavesgiuiuudeyaddeiazif 2.16

1a 7 19 6 ST {ip 4 1@ 3 1@ 2 a1 100

—

|

T EDs)

|

31U 2.16 werassieazidsavesgiuudeyamidsnugumsudaema

o
A A g

a 3

ia D Mdmuqumsidadaseusama Srdafiidu « 1 « sefumsdnsouanma &1
@ < 0 sziflunsdaveuaaina

A Y [ 4 o Y Y YA o o

a ¢ l¥mwqunsuansdaumesisesunseudama S1doensliiine o suaama

o a & o 3 I'd o A
vuveuaadna dosimualibadidiu « 1 < Srtmualdidiu <o « wwdunsTamesimses nie
v 4 4

linerasnosiros

a 9 a 4 d Y a d”d 4 4 a

1n B ldnruqumsnsensuvouneswes d1datidiu - 1 « modmodornsensy

o o A o o ] v W ~ a P} o

mdinIuguMIReIneSweSuazdeyadinus fiseayiBenveeqiuuudeyadide

Aa31lN 2.17

a P v o v A s s ) v o
E‘]_h’] 2.17 LLﬁ@Ni”IflﬁgL'E'JEJQsUfN?"L’LLﬂU%ﬂHﬁﬂWﬂ\?ﬂ')ﬁﬂNﬂ?imﬂulﬂﬂﬂ“ﬁﬂﬂmz%@Qﬂﬁ?@ﬂyﬁ



28

miﬂ’mﬂnmssﬁ"aumaé’waimzﬁﬁﬂyiuufuamewaﬁuagﬁumiﬁmuﬂﬁﬁ S/C
1Az R/L c?aﬁmwnﬁ;ﬂ"lé’fﬁ’qfr
drs/C lu <0 waz R/L Wi = 0« sziflumsidounefiwed lnedhe
#1s/c iy <0« uag RL Fu = 1+ swflumsidewno e lnigy
ds/c i« 1« uag RL @i < 0 azlumsideudsnys nalanedhe

3 4 v W '
o1 8/ W 1< waz R/L Sl < 1+ seifumsideudisnys my lunsen

1
o W o

o o a a ) o U w ~
ﬂTﬂﬁﬂ"lﬂuﬂ'Wﬁﬂ‘Huﬂﬁ‘V]N”lu 1!’51868I,i’)Uﬂﬂl@\izﬂlmﬂﬂlﬂﬂgﬂﬂ"lﬁﬂﬂdgﬂﬂ 2.18

~ a 9 o U o sU o
3UN 2.18 wernsnwazeavesgluuudeyadidesimuailanrumaingu

a o ) a H a [ [ ] a 4 3 a [
iia DL s muaduiinildfededesiudoya drdaidu « o « sxflunsinde
v
WU 4 9a waddatidlu « 1« azfluuuy 8 Oa
a o o [ 3 @ ]
Ia N lhmuadmauussinvesnisuaasna a1udu « 0« sguaasna 1 Usssia uadh
i« 1« azuanawa 2 ussiia lunstinseuaaswaansanaaina 1dnni 2 ussie uae
9 ] v Y] 39 Yo a dyc»' q &
AN IRuEaINaNINnd1 2 Ussvia Al muade N Sdlu « 1
Aa Y A = v W Y a dyd 2 3
ia F IHaenanvazidenvesdionys lumsuaaswa a1ty « 0 « szidlunis

o I~
waPaNaLUY 5x7 98 agdutlu « 1« szfumsuaaswany 5x10 90

o A

MTURONUPANTHVBS CGRAM  WpA0InMIfMuUALOANTadY8d CGRAM @484

o Aa [~ a I~ (] a { [
ﬂ"l‘l’iuﬂﬁl‘}?{ a7 iy « 0“un 61U =1« ﬁ’luaﬂ 6 Hﬁlﬁlﬂﬁi’]ﬂzuﬂu%’lﬂﬂ“!@ﬂlﬂﬁﬁm@ﬂ

v
CGRAM  Iagazdoaimsmvuauonmsaalefidadl

~ ° 1 A A 9 Y
DUNWNINITDIUNT E)L%ﬂuellﬁ)ﬂal.ﬁsl'ﬂ

CGRAM lagiioniasdues CGRAM og#i 00H-3FH

o

ﬂqﬁ\jla@ﬂl!@ﬂlﬂiﬂmaﬁ DDRAM 1%}1Uﬂjﬁlﬁaﬂu@ﬂﬁﬂiﬁﬂlgq DDRAM ﬁ@uﬁ%$ﬁ1ﬂ15

' A A ) a Y g Y a A A A v

muﬁi’e)l,ﬂllfju"’ljm,lﬁ Tﬂfﬂ_]ﬁ 7 ﬁmlﬂu “1« Lmzﬁuﬂw“ai’)ﬂ 7 ‘]Jﬁ‘ﬂn’iﬁﬂ%glﬂuﬂnlﬂﬂlﬂiﬁ’ﬂaq
¢§ 1 ;4

DDRAM %L aas 798 DDRAM %E]Q’i%‘ﬁ’sw 80H — OFFH

J v
o W L) o w w

Adsemulon BUSY uazueaasa Inenzidsavesgiunudeyasidesegili 2.19



29

18 7 19 6 ST 19 4 19 3 1a 2 19 1 19 0

\ [
CoBF | A A ’ A A . A ’ A A
| |

4o
<« uoamsaludgs — »a— yomasaluadn ‘{

717 2.19 uansswaz BuavesgUuuudeyafidesuulan BUSY uazueamsa

[ o u A 1 Y 3 o o
Wumdenldemunan BUSY ( BF ) Tauanialludvendnuzvosdniugy

v [ v 1 < "W {
Lep Twdeuazsudeyaeguie i dwindia B iilu < 0 « uarasihidaniuay LD wiowuiia

v
3 1

9y
Sudeyaniodas uidudu « 1« uemsiwazdidniugu Lep Sedlunszuumsiauds

r g A v 9
lindeuiiezSudeya

2.7.1.5 mywsumdaazdoyaliug LCD

'
e

Tunmsdsudeyaenivgy Led Wianwwaamidldnudesms desdedds (

=h.

v
Instruction ) udafmua Tnuamsihouldud LD Aeu mmiudsdosdsdoyn ( Data )
] Y
dosmsueasnn tesvnifadeyaves LeD 3 8 1 Ao DO - D7 ungldifiumeriueasad
v v v v
daungdoya Awiulumsdeddunz doyadsdesedomsdmuadya maesniivrs

iWedvimsilieunsesiudoyaly CGRAM Lz DDRAM Sududessmuaueainse

9 A

~ 1 A A 1 9o ) A o?/’ o 9 <] &% "
haesmssmmiesunou Tnylsmdudonueansa mndusmualian rs fu « 1 « o
@ 1 { v dy < ay 1q 1 o o {
uwdslddmugunnuideyainngde luilwidludeyaind liiledeyadds  lunsdli
1 o < a d LY
dAvamsgmdoynezdossmualin Rw Wu « 1~ foyavine s fia fazinguudadeyn

Tnedoyaiiemeoninlduwifudeynanuoansauns CGRAM %50 DDRAM aufideans

2.7.1.6 99%22M3N19IUU99 LCD

lumshadedy LCD  wdosiimaminnamdsnniivhmsdssfamdmsodoyn
4 4 v o W o [
wesnndesseldnoulnsamesmelu LeD wlaanumnsvessdamduasiauaus,

) Y Y ' a’a’ =2 [ A o A v
daldis gUIDINDU ‘l]"lﬂuu%\i%ﬁﬂ‘l]ﬁ]?;l‘ﬁﬂiﬂﬂﬂulﬂﬁﬁ@‘lﬂ



30

2.7.2 M3 IHI0YaR WD INBYN TN ( Serial port )

2.72.1 nuziimesaynsy

4 A
lulwTasaouTnsamesaszga MCS 51 fsesdomseynsuuuy yagmand 1 9a (
d' d' o [ T 9 [ a ~ [ 9
demsnasahmsutardaveyaluansmue 2 Nanelalunaudeidu ) Taeldms
fomsdoyauvvezdelania ( msfudedoyalaslusuiudedidyanaminswdeoud
Y o v v < o 1 9 YA 1 v v 2 A ' [ a ]
wlimsdmuamsasid lumsiunasdedoyaldiawiniu FuSend Saswen Huiae
I~ a A =
W dadodum )

Y g o

2.7225% ﬂﬁlﬁﬂi‘mﬁ&l’w’ENﬂ‘Uﬂ'l‘iVINWu‘lIEN‘WTZ){ﬁE]HﬂﬁJGhJ MCS-51

{ 9y [ o

aa o ¢ A v oA
Sameesnnndesiunshauveswesaeynsu og @ Ao
I A J a a 1Al [~ = A o Y ' P
SBUF ilu5 vawmesauna s dn Sueamsaegn 990 dhuailoufivnvesdeyadoud
=} 1 A o Y 9 o s \ 9/ 4 o v 9 A
wiinsdeeennieiudn  dagihnededeyasen  wesmeunsuazihmsdedoyaiiogiy
v ogll ] ) 9/ 4 < [V Y =] v v
SBUF sonwiniu dalumsiuteyadn wesmoynsunozSudeyadhufiulifn SBUF wh
9
Hu
< 1 Al v A
SCON flu5 Fmansvuing dia Juoamsaadn 98H aunsadnaeldluszduda fse

azREANINIUA3IN 2.20

10 7 16 19 5 19 4 19 3 U@ 2 19 1 19 0

SMO SM1 SM2 REN TB8 RB8 TI RI

a a o aa J
Eﬂ‘ﬂ 2.20 NS aANITNINIUYDET 30D SCON

¢ SMO — SM1 ( Serial port mode bit 0 — 1) : Jlumsi@en Tnuansyitauveanese
oYNTY
a sm2 : ldlumsBundanisdeas lunuusad Tusisenwes ( Multiprocessor )

o 4 Y Aa .:y a ' =
Myhauveslvua 2 uay Tnua 3 veswesaoynsy Taeddatidly « 1« 9 R 92 laluonds

Y A A

{o a { <3 {a v )
drdad 9 nudandu = o (JFoyadiafi 9 wwgaifiuide B8 ) daulumsvieuly nua

v
Y A A

b
1 iatla da RI vz lduend ddelulasudanga daululnue o Sadl ludinms 19

o

1if REN ( Enable serial reception ) : 14 lumsundamsiudoyavesnesneynsu v

t4
Y Aq Y

a 29 ¢ 4 Y Yt [ ) 9 a
MILBALALIARYTAIUNTE VIUMN TN NTONALIS ﬁﬂﬂENf’ﬂﬁi‘l’mﬂ"li3U%@gﬁﬁ@ﬁl¥ﬁﬂﬁu1ﬂ

Lﬂu 113 1 13



31

v

iln 188 : Mdminidudeyadiaf o fidesnsdsoenlyl Tumsvhamlulnun 2 was
a o

Tnun 3 wannzindesdenssuumsmasensing

iin RBS : lgdwiusudeyaiini o idunlumsiomluTnue 2 uag Tnua 3 udd

¢ o ' A v da & 9
mnwesaoynIuinmeylulvue 1 uazda sM2 du « 0 « Yoyafifin RBS willudeyavos

9 b4
uanga ( Stop bit ) dmiulumsianluTnue o dafles i1 G RBS Sautsomsauas
a yy d 4

indes I8Renszummsmase g

18 TI ( Transmit interrupt flag ) : Hlumsuaamsitasumessudidetimsdedoya

4 vy s 74 o ) a A

BONIINNBTABYNTY mmmmm"lﬂmaﬂixmumsmamsﬂmeammiﬁway’am‘n 8 1
oy Y o ' o A A A A a 2
Feusesudrlumsiendulnun o dalumsihonlulvuedug Sailwmadeiingdy
Y 1A A da dyﬁl 9 o S v ag/’
aumdangaeen i msndesSaideeldnszuiumsmesenduadiyintu

Jd

18 RI ( Receive interrupt flag ) : 1‘1’1'1ummﬁmﬂmﬁﬂSuma{%’ﬂmﬁeﬁmismaya

R,

Y 1 9 a =

4 7 & o o
L"lnf;(WEJSﬂ’eJigﬂiﬂJ ﬁ1ﬂ1'5ﬂl%ﬁ‘lﬁﬁlﬁﬂﬂSZUQUﬂTSWTQa”ﬁd’ﬂlniLﬁ@ﬂ?ﬂ’]iiﬂﬂlﬂyﬁﬂﬁﬂ 8 5au

¥ +J

o 1 o g ~ dy A Qo ~
Teoutalumsienlulnun o daulumsienlulnadug Uatlwziraloiudangaue

A d‘Q ~ dy 1 X o
doynoynsulill&es smuds endulunsdifiti sm2 Snsmaiaiiesmalddode 8%y
Y
ia A9

a A a A ' ¢ g a v ¢ 2@
‘Uﬁ'ﬂfﬁlﬂﬁ'ﬂﬂﬂﬂ 9 ﬂﬂ’]\?ﬁﬁ\lﬂuimuﬁq ﬂ’]ilﬂﬂﬂsﬂﬁuﬁaﬂi‘b’ﬂizU'Juﬂ’ls‘yn\‘]“]ff]wﬁlnilﬂ']uu

2723 Tnwansiauvemesneynsuly Mcs-s
wosaoynsulululnsaoulnsames aunsadon Tnuamsiinen 14 4 Tnua de
Tnun 0 WunsimualdnesaoynsuhanludnueSWds Sanos( shif register )
Tnua 1 @unsimualiithi UART v 8 Ga Tasansadensasuon 18

Tnua 2 lunsfmualiifiu UART w170 9 a Tnefisaswannsdt

Tnua 3 Humssmualdith UART vu1m 9 Sa Tnsaunsodendasien'le

mden Tnuamsihamvesisasnesaeynsy awsanszih ldlasmssmuadeya

Tduniia smo uaz sM1 1153 amesSCON

2,724 8a51ueavesnesnouniulu MCS-51

o U 1 A 1 73
TumsihauTnua 0 Sas1wea selianed sy

993 1U0A = AUD Ve TYAWUUIRA/ 12 wihedlu da de Juri



32

TumsihauTvua 1 uag Tnua 3 AT AN IS AT IUER Jaa NS A IATS
ialones atves nwes 1 Tasezdesldmvesiia SMOD 1us Tamed PCON wifinsan
Uszneudie Tasanuisasiuinmsaswen 1dan

MYBalin SMOD

DA IR = ( 2 /32) X (AN YRITRNUUANT/ { 12 X [ 256 - TH, ]} )

M3Ni 22 Madendasuenvessssnesaeynsulululasaeunsames MCS-51

 Saswen AR _—_— Tnwes 1 |
(a0 :bps) | daygnauunitm CT | Tnua | a5 Tvam
Tnua 0: gega 1 MHz 12MHz X X X .§
Tnun 2 : gga 375KHz 12MHz 1 X X X
Tnua 1,3 : 62.5 KHz 12MHz 1 0 2 FFH
19.2K (19,200 ) 11.0592 MHz 1 0 2 FDH
9.6K (9,600) 11.0592 MHz 0 0 2 FDH
4.8K (4,800) 11.0592 MHz 0 0 2 FAH
2.4K (2,400) 11.0592 MHz 0 0 2 F4H
12K (1,200) 11.0592 MHz 0 0 2 ESH
1375 11.0592 MHz 0 0 2 1DH
110 6MHz 0 0 2, 72H
110 12MHz 0 0 1 FEEBH
"

F
Tunmsihawivue 2 asdmuasesiwenssiusuaivesia  SMOD 1us ey

PCON lagaunsofuunionsivea lasn

A3 1UBA = ( 2

Avesiia SMOD

/64) X aNudYoIdyuUIRM



33

uni 3

N1IvdnNUuY
Y Y
3.1 MseenuuUTiBAN

9
] [ 14 [] (% a
Tudmvesndieduazilsenonludie damde, dudrllatimnes, drusuasuay
Y
avufuanueu uazdiuiudagunsalae 9 Al

2}

3.1.1 Avisio

v v
ldtinmesudmuanudonde HysiL Sumaugldilumsdy msieudaee v

aaa [ Z A Yt I8 a L~ Y 4
ﬂ;]ﬂiﬁl”lﬂ‘uu1 Iﬂﬂmﬂﬂiﬁmﬂtﬂﬂi"uu1ﬂ 2 a3 FINVUIAUTUAIUFUINANNIGUBN 13

[ k4 v v
UANAT G4 19 uAmas Wesnndvinanemunz lumsnageuduau lifuadiay 30 5y

3191 3.1 Tnes
3.1.2 dhufd adinnes

f

u

Twiuudahidluhlladissnnnasgudmuaetld  Teedaduginaudurig

9 9

udnalszanm 12 uAmas wisununggdmsulddmiudasuan, wos Tudlila,
9 ad Aa ' o

muatanlasa wa lyauesanan

3U7 3.2 shudaladinnes
A= T
3.1.3 shududatua

Y
Tdnasaufmuarudounnaduiguinas 7 Sadmas Tumsuenduanlyls

v v @ o 9 Y a ) Qy W Yy
TUNTAUIUENATDU Iﬂﬂ"ﬂ%ﬂﬂﬂﬁﬂﬂuﬂ'ﬂﬂﬂﬂ’ﬂﬂﬂ'ﬂ 10 EUANAT LLﬁ’JU'I'iqu'luiﬂll’MTH



34

[
=1

9
lunasaudy wazihmaeaudthinne o muanudeufigndaliamisanvaon

uia 1dgegailseann 30 vaea

al ny v v KR Qy
2‘1]71 3.3 FUNU LS TIUIVIABUIY

3.1.4 RHIUNUA NN TOU
9y o 9 4 [V ) J’
Tdauuduanudoumomanadsde 11UH
L lumssnyigungd
2. flhsfudunsennmsauias ames
9
3. dudmdalumsaadames Tudlida usnlase waz lsduoeae
A a 9
4. iea s vudoe
o Y [ Y d' Y A ) a 9 ] 4
dmsvauuiuanuiounld ljdiadlunsenszuenge 36 wuRiuas idusugud
a | Y} ] A a A =
nannelu/nieuen 18, 23 wrudwas AR wenlylassariuuvszgiifloy eennd
v
dmdnazianuasnuniwuuman Sleudafunsuiusuaudeu
lumsldaummnsoentinnesideenld Tasnigamesisegneluauiy Tnssaned

zgne Pgeondunuauilseanm 3 wudues

3U7 3.4 auouduanudeu

3.1.5 ahududamesudditl a Muddninse tazlsduesd e

LY

J
] =1 [ v ad a a [} o
dauiildiudames Tudda AMudidnlase uas Tedussdnd Ianegiunuiudy

mm%'au L‘ﬁﬂﬂ’ﬂﬂﬁ%ﬂ’Jﬂuﬂ%ﬂ’ﬂm‘ﬂuizLﬁﬂﬂ‘luﬂ'ﬁi‘%\i']u



35

v
dmsudmduiatidseneudne2 diu ae
L] v KR 4 [] <3 c; [ Y )

1. dmsudaginyel - L‘i‘lugmumaﬂmwaﬂmws wazaalise Iﬂﬂﬂzumwﬂswnau

mnﬂumuwumﬁammwmmmammm”aﬂﬂimma 9 Farefivianun 4 %0
2. g - ulumuwumﬁamawmmmqmﬂanmuﬂm Tasazgnialianogiy

avunuanudeou uiaududuly 4 &1 @msuivgananld uasduuen 4

) (Lﬂuﬁﬁﬂmmaﬂﬂmfnm"l,aﬂf%’mu)

&

mmunaﬂwmﬂwmmuwaﬂaﬂﬂsm wnlsgneu(dedniudiugin  Fems

ﬂsuﬂamm‘uu mmsmwﬂ/ﬂi“ﬂaumuwaﬂaﬂﬂmﬂﬂaﬂmwmﬂ

U7 3.5 drusuiagilnsal

3.2 msaammua’mmmuamwnﬁ

Q¥

9y
=)

wiiveondludan o 1dned

3.2.1 ﬂﬁﬂﬂ"lﬂﬂzuﬂiﬁﬂﬁﬁN'm

wos luduidla  [€ niodw Famos

! 1

NITVT VD "{ AD [MSC51| D/A P wswlanoulnsa

a

‘]_Iﬁ 3.6 ‘Uﬂ'&']ﬂllﬂﬂ“’LLﬂﬁJ’d’Juﬂ’JUﬂuﬂmﬂﬂN

U

A 4 [
Tumsmuguaamail lulasneu Insamedazds YYIUUTIAUAILAUATVUE DS

9y
Llﬂﬂlﬂﬁﬂﬂuiﬂiﬁt‘ﬂu 338AU ANU

ad'z I/LS'

1. gungiiGudu 1 (qumgiiiaald - 20 ssmmagen)
' ' 78 A o
Prasagamgil - ugasiifiussduanasendamesfud 220 Taad)

v Y v 9

2. (quvgifids1d - 20 esruwaiFon) e (Qunndfiaals - 2 sssumaiFen)
1 [ a (] n{ [ 1 a J = £ £
Faenidsgaungil - iugiiussiunnaseusanefanaundetssumn s
4

add ny 2 =2 add
3: (Qmmwm% - 2 DIAUERIEYA) D9 gUNYUNAY 1

v A A v a v ' =) 4 A A T [ a Y
BRNYIUNYUAIN - L’ﬂu%’NﬂLLNﬂNﬁﬂﬂiﬂﬁJ8mﬁﬂiﬁﬂﬁ\?maﬂL‘WENLLﬂSﬂHTiSﬂUQﬂJﬁQNL@T'l’]



36

322 mesludida

wonldmes Tufida type K lunsagamgil esnnSaamumun, mans fuen
Mfamufiunama, fdmm (nswaezqua) fluinlfAs i Tseduusandon
ﬁﬁﬁau%’wm wagfaanit luwandn

maﬂmmﬂnmmﬂ 13 a3, ma‘lwﬂmﬂmmmmTnﬂﬂtﬂa(mmﬂamﬂnn) agUST 10
ABUNANVBIFUIUTNATE U LA 30 5

idion19mes TuAUiJafid) Metal Sheath 1 Ungrounded Junction ﬁﬂﬁﬂﬁﬁamaﬁu
Altla uazaeveumes Tudlilagnifudrevieva maﬂmnu"&ﬂwmwuﬁ"lv!ﬂwwﬂaﬂﬂsmm
dulnadhdmes Tusililla n3onszue Iihnndames Tusldatiennly  Feezdenaly
Afisa ianatald

ﬁﬂmﬂmwmmaﬂuﬁ'ﬂzﬂa willumsdanehutand) Wennuazainlumsoos

Usznew Wnfivumansssvenedayao

3191 3.7 mes Tuslidla

3.2.3 2svenedayanaumeslusiida

[} v 9
aﬁmmmmﬁuﬁ"Lﬁ'mﬂmaﬁuﬂﬂﬂmszsmmﬁ@ﬂmn HuiiadTad) Sasiedaly

"lﬁ';ﬂ?ﬂmﬁammamnnumﬂﬂmmﬂammwmu 1 e Tedvsiiaeesnls BUN g

aﬂﬂm;mﬂamwwmu 1(Cold Junction Compensation) a1 34 %’i‘llmtm’mme

o,

mmuiﬂswmuh IC !,‘]JEJS XTR101AP Lﬂum%ﬂwaammmmmmﬂ 31kl Taod

ﬁ

WITANH

Therm

061 eF | |

b V20 AID

25k
A

309 3.8 Wasvedyanumes Tuduida



37

3.2.4 Faunos
dy Iy o o [l 'Y (=1 o Z A
Iﬂi\N']uual"]fﬁﬁm@iuuviﬂw@wﬁ'lz"luﬁﬂﬁﬂ']ilﬁfaﬁlﬁ'ﬂiiuu TASINDANUTZAIN

' ° a /v ' ~ s & o o w a o
1um‘5“If’e)11‘1J‘l§Q Iﬂﬂ&ﬂ&ﬁ@i‘ﬂ&'iﬂﬂg’iﬂﬂﬂﬂmai “Bdﬂ‘l‘iﬂiu’amﬂm\‘!ul‘v\lﬂﬁlﬂﬂamﬁﬂi 153 (3N]

b

lagati
90 P = Q/At
=mcAT/At
=DVcAT/At
Taofi P Ao de Wi e Gew)

A
Ao wasnuanudounly k)
A

Y
Ao WIUDIU (kg)

D

v
A9 ANUHUMIUUYDIL (1 kg/dm)

< U B ©

v v
a8 UTuasveai 14 dm’)

v
Ao AANNEN SNz YD (4.18 kJ/kg-K)

®

Ad’ﬁ’

* 4
AT fip wadvesgungindesmsldifiudu k. °c)

v 14 9

A Ay Y A A & = ~
At o szﬂznmmmmﬂnqmwgumnﬂu ull]ﬂ\??ﬂ'ﬂﬁ@ﬁﬂ'ﬁ

(second) (fmuald = 15 w1il)

wla p- (1) x (Ttx0.6’x1.7) x (4.18) x (90 -30) / (15 x 60) = 0.543 kW

£
=1

ionl¥8mnosunie 600 W vimiduruguinate 132 aw. qo 10 9. Tassames
wilawufuanudeurtustsouuen Lﬁammﬂaaﬂﬁﬂ“lum‘sﬁuﬁmmzLﬁ@ﬂ"ﬁ%’ﬂmqmmﬁ
4' P} Jd S o W A 9y o Ia <
flmemellvesdames sxifluuiadwmsudoushdume Sueauiunedauneees
A Y = 4 Y o b3 A ]
e liannsausndamesooninuneases 1die o fldasainlumsasiedeunsodeuumsy

galnsal

{ Ju 1
11U 3.9 FamesSarie



38

3.2.5 M3vuveaainnudeudled sinaneuinsa

v [

Y
=3 A o Qs
Tnssanudild IC wos TCA 785 il IC di§eguitgneenuumin Melsfunisaiy

U

Auuuumaneulnsalasewz dugunsailumsmvquussdunuumaneuinsa iesen

damazain el lnsuendluaiad wiosnnldaudelumsaugulwfhnseuaady,

vy

MU 29 TuvR A NNSeuuuuMaaeu Tnsan 191y Tassuuandde s

o from DvA

Veyn, AC 12V

31l 3.10 2vstvvaaanITo eI lanouInsa

3.3 MILNUVVAIUAIVANTZAIN

3.3.1 udenlaazunIunIS1HIH

Ed
o @ o ‘ ad
NWITIATTAVUN fgﬁuﬁlﬁﬂiﬂiﬂ

MCS >
51\ AIMIVANTLAVN

¥
RN 299311 P Tadussdnga

N E4
1U0 3.11 vienlaezunsuduatuquszae

3.3.2 Mudianinsa

v Y
Uszgndmsldgunsalasaeduseuveamaniunfiu Electrode 3 uvis Taeluiiild
wagaRILANLaZ AU Electrode nuumunnuiew s 2 ya iivaad19seuazandlymiy

9 9y
msyanasgilnsalag Aafl

9
o v/ [+]

9 (]
1. wisdu Aie urisAninuguszAud1ga

v
o

[ A [ Y o Y d o '
2. UVNE1I 7D ummummwumuﬂﬁv’hs’m



39

v v v
MANMSINY Ao Mseauu 1anasaumeuedy 1y (hifimsthnszua Al e du)
3 ) g 4 Z v Osl’ o a él
nesnuquiwdsldidandni uaziiogedaumsdud@mai dfadu) IR
] v
waalihnsdangaia
::; ad o 1 (% o
flmemelvvedddidnlase sxfludadmiudoudhsume Susauuumaia
d'l 9 9 ad Y o Y
WIS el ansauenmudin lnsaeenanunesss 15 9 M lvazainlumsasie

A v Cd
ﬁﬂﬂﬁiﬂmﬂﬂu%NQﬂﬂim

{ adg
3191 3.12 AudidnTasa

a d
3.3.3 Taauean1d)
Y
=Y =) 2 o A Q

wonld lwduessnalrialdivi 190 Wase vne 12 Tad mseannsels
A e 1w s sue1 1314

A a i \\{d S o v A Y sa =

mlmemelvvesleduosdndr  swwfunSadwmiudsuddumedTusauuunsia

A qu a i v o q ¥

ume2993 e Inemnsauen Tudusesareennnume9es 1ade 9 i ldazainlunmsasae

A v 4
ﬁﬂﬂﬂiﬂWﬂNMWNQﬂﬂﬁm

117 3.13 Teduesdnga



40

3.3.4 1DINIVANIZAVIN
v ¥
e ugusEAud 192 1951883 Thad S 3 @ dmhiduedad Taefiudnms
syt
auasil
] b4
1. lulnsneuInswessedsdyapandalisesfasedi Gwddnlasa) daw
=3 1 Gsl' ) A @ g
0 9 1 wii Wudesseznmdu q Yssum 2 Jud daiy
14 vy ¥
dulrgaviaiie 2 A Aeelnszua i ivarududdnTasadts 2 ududrglules
4 1 19 a Z
aouInsaes uaasi bidewduii
v b4
dhgaviauddmendudes Aee lifinszua i narudnddnlasaie 2 ud
b4
1 ! o a =] T (Y]
g luTasaeuTnsamed uaasininleuiulyl lulnsneulnsamesfeededayarn i
a Z a =3
widmiufluszeznailseunm 2 Jund
A Ao Jd 1 [ a Z a 4 4 =3 [
2. weldygnunnluInasnou Insmesdandsendui (udusednds) fezds
v [
wald lsauoednaaudalii lnadin Fuszegnannusii lulasaou Insawmeszds
9
dyanaun @Wszunm 2 3ui aeasy)
EA v b4 v
3. hedwil 1S es  uiflag 1 ase Aezawsednuszauineluiinnedld uazes
v v v L 4 9
imsilestuiuds Taedlimsdiliases@ui whauaadefiunu 50 ase (ueanuin
] o x
dsesiindow e viefimg i limusaduni1g fegngamsvemiudl ietlosiu 'l
Tfinnesuan

Y

v b4
fmTvsauguszaLl maas Il

W from W ON system +45 Vg VOMSY.
elastrole {+ 5 Wifrom ' {(+5 Y} from
o MCS 51 MCS 51 GND MSC 51
7812
e -
Relay Relay
. infpon . nony g e i
Loage | 0T ] . LR Relay
Pl W L. B 23 CSLLF N N ?'.‘ Y A
4 [ B | b
1 L . |
. COif W coil 1
1y o | | 5 S M b » e
szrw | | el ool Y 5 44
> r/ [t — — — an s 37 \ 4 20
LED e
1ok 3003
VY
L w:\ ¥ E
1 +12Vdo to SV,
L
To Elactfod -8 o+ 8V

v E4
317 3.14 3smuguszauiii



41

3.4 m3venuuvlisunsailszananadielalnsneuinsaass
3.4.1 laezunsumsvanmesTisunsudszananadelulnsneuTnsame s
Tudamveslilsunsudszuanadaelulasney Insamesify dosoanuuyIdause
auRumMITaRamuaveandodu 14 Seide MInRueMal , nsRILRUsEaI, ms
uqunm , madsdeyaluiemmarieiintie LCD uas msdedoyalifsnouiunediile

udaswanvthoonouiumes uaz Wudeyn Teemunsauanslaezunsunsiemang

9
=)

Tsunsuin Ideenuuy 13

s B
A v
LIUAU )
\ 8§

sosudeyas uAudee

NNABUNANDS

l

<

FonTlusunsudes
MsAIUANUNQYI

P
ygs -
devoyavesgmngiilal

daneuiimes

L

1onldsunsudos

HAAINANIINII9D LCD

[

Sonldsupsudes

¥
MIATIVADUTLAULN

l

Sonldsunsudon

uze

@li’J‘ﬂﬁﬂ‘UﬂﬁﬁlﬂﬂﬂlaﬂﬂTS‘Y]ﬂﬁﬂ‘U

i
/ Wl ]

Mdsonian

0

1% 3.15 uaaslaezunsumsihauves Tlsunsulseanadaely Tnsnou Tnsame s



42

[y A' [T a é

3.4.2 M350 30VDYAT NAUA19Y 21PABNN MBS
v A g a 7 q 4 ' s 9
MITOTUVBYAITUAUAI IRRENWUAET Tdmsdemsiunanesasynsuy Taede

4' Y 9/ 1 J 4{ 1 Qd' v
yahisefuldun mszeznafildlummeany |, mgangdildlumsmeaen uaz sidaay
Avapanldlunstudames ( dusifezihliidesulasdyguasaoadiuenaendie
v [ v v

‘L‘imiytymamaaﬂuu"!ﬂ“l%’iumseﬁué’mm{cﬁaﬁmzﬂsmﬁﬂu"lﬂmuﬂwmqmﬁgw“lﬂﬁumi

NATDU )

3.4.3 Tilsunsudoanisnunuaamgi

Tilsunsugesmsaiuquaamgd Uszneu'lidae Tdsunsudesmsualasdaygnuss
aunnmed luddaduddsaon | Tﬂmﬂsuéaaﬂmﬂ?amﬁﬂuﬁwmqmﬂgﬁfﬂ%@ﬁuﬁum
vosgunginlflumsnaney  iewmdaiaeafiein U umsdudames JEIERLTEN

a

gamgiiligliuldinen  mshdadaeanulasldnnmed TusidaldamseiinS o
= v 4 v Ay y 4 v ] a v 1 Aaa ~
wevszninawsaui ldnnmes ludldadusmgamail | Tsunsudesntsualasaasaeai
ldnnmsnlFoufioudwesgungiflogtiu - AuswesgungiiFlumsnadeoy  lufiu

dyaueuIaen Tasamusnuaaslaezunsumsianlddegud 3.16

dyanausey AAvAen MATAen daanauzIAY

TheAsaea kl

. Alamangamging > 4
. mlasmdamna Y. o mlasmaveeatiy .
w3 usldla D e thengamgimahl . # dpes
ussauihmadaea - - mdmnauEau
10l sumeufumgampli
A
¥ lumsneaeu

Wi 3.16 uamelaegunsumsihnuvesTsunsudesmsniugugamgd

Aal [ a d
3.4.4 myasdeyavesqumgil lisneufinnes
Y v

msdsteynvosgungl lifweufiuees  wwimsdmng  afwmdennfiuase
o o 4 o raa = 9 Y Ay [ a do’/’
dyanaussrunnmes ludddaduddiaas subsuds Tnemiids lfsnouRuned iy

1 Aan a A v 1 LA U ~ 1 1 AA s

Wurdlneavuia 8 Gn ( Fadeluldmvosiunvgungd udsz Al aeavesduyanauss
o o y a Jv 4 e =] ) a a
aunnmes ludida ) deneuiuaeiTumil iR ludlamssgangiluneniomes

Y X Y a
udav4 lasgungiivenun



43

v v ] L 4

maradsmi lfuwnzhiataoaiiudadldnnmes luddaiuiufoe 8

= A = a [y aa a 9 a o
U (1paninarwazienves lefulasdyanaeunenataeailfiius 9a ) annsathms
deoenlyldlunsndods  dienSeudioufy  msdeiwesgamgd  1vndaluTng
4 k) Y a 9 So 9 ¥ 1 Y a '
aoulnsamesing dreenldivemetioudefisuiudecdsdeenuioduien 16 fa (

o o < a 1 o a a o o
YNAUAVNIUIUWNIUIN 8 U Lazmvesdamanstoudn 8 U ) seihldmstauves
] Y

Tilsunsudszuranadilu Insaounsamesiidhas uazorunamsranaalumsdedoyaiiu

a0 Munenesaeynsyldde

3.4.5 Tilsunsudsanmsuansnan1arivines LCD

wihnsudasivesguvgiuaznateenmenthee LD adufunng Junit wlow
%ﬂ‘ﬁm”l’iﬁi’e]%ﬁﬂu&?ﬂ1ﬁ1ﬂuﬂ1§ﬂﬂﬁﬂﬂ TaeluInsnouTnsamesszvmsnls suidious
izﬂznmﬁ"157‘11msmﬁau"lﬂuﬁ'qﬁ'uﬁwmizﬂsnmﬁ“lé’s’“luﬂﬁmﬂan 1110 AT VAW
sgeznmfifmuezalsngdoaam ©  Time up now!  “ Sufinihue LCD adufusves
gungiiazavesnamng Juiilasdvemdedudinstaude ) wniegldSuaaue

Mssunnaeuine;

3.4.6 TsunsudesnsasieaeuseduIi

TuduvesnasnaousdminiuldnsassreuTaednsdnlaa  dnfulunis
oonuu TUsunsumsastereusednd Vldnmsulasdyanaussiunntiusidn Tasaidhy
maraea udani s euifivniriaieead I8Tsuuguéniel Suflnuguinansimug
@nTasadedief (szdunigame) wigh liifluguinaasidusidnTasaludefefu ( sedy
i 1gqeline ) Wensanaeusednilduds dssdinbrduiuluiinsdalsduesdndlag
msdaliun o7 Terouzfiu « 1« dunan 2 Fui udansTandni Tasmsdalian
P07 flaamuzdly « 0 “TaslumsdelWlududidnlasasz 190 Pos Tumsaunu Ao
e onTusunsudosnsasaadeuszinings Saee i IS ndRseviNG agfiufiud
@inlasalasmsdalin pos Taamzidiy « 1 « uazdoufiazentnlusunsudosmsasae

v 1 v
aouszAu Avgamste W lifusadfiden No edfufuBidnlasalasnsdeldan Po.

]
~

ﬁﬁmu‘zﬁlu “0 Tﬂﬂmmmsmm"lﬂazzmsnmw‘imu"lﬁ'ﬁ'ﬁﬂw 3.17

U



44

dali P0.6 Tamruzdly « 1 «
mene Il lihusdniase

l

uasmseauan

Y ad 1_aa
mumaﬂimmﬂummma

MAIea Timdusud
fudasla ]
Q" y =t d 13 (13
i delsiv Po.7 Herouziily « 1
9 & & A s
. . ellalwdussang
daltv1 Po.6 Tarmuzidlu <0 « i

iengate I Iidwsianlnsa

WU 2 Nl

U l
@ v a [
dalsiv1 P07 Haouzilu « o «
A' a o o
elaledussaing

i4- J

' E4
171 3.17 umaslaszunsumsiovesllsunsumsasaeuseau

3.4.7 1sunsudeansiomaumdsaniannisnaaey
v vy
Tasfds snidnmanadey Waduldnmsna]uenidnnsnadeusinmiiseuda

A Y 9 o @ o £ o v 9 A Y 1 v A A ]
ﬂﬂﬂmmzwwuaﬁummﬂmuwﬂzmmisaﬁmagm‘smumm 611411 L‘W’fJLﬂJﬂﬁﬂﬂﬁ@UiﬁM

3.5 mysonuuullsunsudany,uaninatazdafurNan snaaed
3.5.1 glwurazmawenlusnuvesnnesnldlumsuanina
v k4
Tudveslisunsudenu uanswanaz daduramsnaasstiu 181h Visual basic 11
EY n:{ a dgl 0911 E v a
Ixlumseenuuy  TasTisunsuind@ouduumiueenuuul¥  awnsauansmamvesgungi
~ ~ @ A 9 9 o w o 1 < '
nlSsumsufumvesnmynzindedumasihoueglusiuuuvesnsyl  ausaRuaves
a kY “ a 9 ' é}
gungilluszuugudeyauny Microsoft access 81113015 sndoyamsnaeuimiuuglugy
Y v ) 1
uuyveensld Snvisdsannsndmuasusudulumsnadey detrsu Fovesdivians
nagey , iavesnuwIumhumaaey , Myssganginlflumsnadey | szoznaiildluy

[

A o ¥ v g Y] a S e
N1TNATOU LAY ﬂfﬂ‘lﬂﬁﬂﬁﬂﬁﬂ'ﬁ‘ﬂﬂlﬂﬂg'lu%@yﬁ Iﬂﬂﬂl!ﬂﬂ‘l’\lﬂ?llﬁ'lﬁ“] ANU



45

| 1 I wihoondn
S -

 madouswmlbiithussgoluiade Water

 Mbsorbtion amanAIan IEC60502

xl

|
|

nihveuaasnsnngudoyman

9{” ) 4' a Y ‘ w‘
nihseuaasn e iuiveyalul Tu

U7 3.18 uaasrheed1en veslilsunsu

3.5.2 vivhaawan

niheeran Useaeulidie Wadevesmsnaaey | Yunadmsunadou , Juna
dmsuggudoyaim wag Yunadmiudamsieu Humbhseusniiesdossendnni
TranaTdsunsudim 1 dmiuliideningdesnsimmaeunsadesnmsggmdeyais

n3edpIN1soonn Tusunsy



46

M99Man

4 4 4
Junaies umsnagoy unaiveosnainllsunsy
1 unaweggIudayaii

111 3.19 uamandheendnves Talsunsw

3.5.3 nihgeimuadoyais udu

niheefmuadeyaisudu sznouldrendesdoanudi dmsufmuadeyaisy

9 A YA o a Adg Y A
AU (F0 wnana vesgninsnadey , yiiavesnuau , gumgiinld , srevesgangiivey

[3

Y = o [ S A 1 4
vla | szeznailslumsneasy | AunsvesneunesandeosdiululnsaouInsames |

(%))

.

egvos Ildgideya uoz Fowealldgdoyn ) Junadmsusudunaaen uaz1luna

dmiundumbheendn duntheeiivhmiflumssuss ududieg udailuifiulu idyu
v 9 v v F4

foyalumsndoyaSududel)  sawiwhmihd lunsdsdiSudumad  1uslylas

Aoy Insame o9 lumsaugude 1

naevanw
MU MU

P a g
UdYalI uau

317 320 uaasnihvedmuadoyaisudy



47

o

3.5.4 iheeuaasns Wl vazivifoduma e
nihvousaansvasindedudidainm Uszneulidae Teanuuansdeyaiiy
AL doanuuaasmgamgiilgiv | fennuuaasszernmi ldhnsnaaeyluda ,
nmitamsauaawa ldiffuszezna 1 fu Teeflunu v Susgqamgiivazuay x s
e, JunadwmiuiunnuaziBeaveaunu X , Junadmiuivanuas Beaveeunu Y, 1]u
nadmsugnsmlvesiuiidmn |, Junadmiugnsmvesiudalyl uay Y unadmsuenian
I v do 9y do 1 g v 7 Y o Ay y
msnaaey iumheeiimihisuideyadunnnlulaseeuTnsanesudnidoyait 1g

] [ t4

ldamsadielfldmgumgleonin moflszimuanwaneiinelnelumsuaaama
9 v 9 H
tuszihdeyainsuldimuamelunm 1 Suninsmsmas udr3sihmsuanswanng 1
a =t Y 3 o 9 o [ Ay v Y =

wn wiswiwhdeyatiu llbulumsianasgui ldeenuuuel3 Tasaswfisenuuy

vy < v '@ o = a a
P zuendumsieag 1 oz Suszvhmsdudeyannn 5 50 Taepluumesms

Tuudag Tuannsouans1ddegalii 3.21

| e Il BatZaar), AN N il @ i TN o | hez |
Omin:Ssec | AQUUYI | A1guugil | Agaumgdl [+ v MuUNY | Agungd
Omin: 10sec | AQUNYIT | AIQUNGH | AIQAUNGIT [+ rrrrerr oo, Agungil | Aguugd
Omin: 15sec | AQUNRYT | MQUUAI | AIQAUNGIT {++ v e, gl | Aguugl
Omin:20sec | A1Q@Mgil | QUMY | AIQAUMQR [+ orrrerre e seungdl | Aremgdl
59min:50sec | QMUY | QMU | AIQUNGIT [+ reroremreocn, fgungil | Agungl
59min:55sec | QMUY | QMUY | AIGAUNRIT [+ ovrermmme, gl | Agungil
60min: 00sec | QMUY | ArQunYil ?hqnmgi] ----------------------------------- fgungdl | Agungl

:i v v v
21]7] 3.21 LLﬁmg‘ﬂtm‘U‘Uﬂm”Ii‘ldg’lu"ll@y,aslu!,mﬁgﬂu



48

ﬁﬂﬂm}xumam

fqmmufhauu

35umn Riwe

e

317 3.22 ugnanhseuansns e indedusgaieu

3.5.5 ool agiudeyaim
9 v ' ¥ r g o ol g 4 ¢
mihvellagudeyaii szneu e ndesdonudmsvszyfieduas Joveend
dosmsgnsl . Junadmiunansnslves idi 1didenien)3 uay JunadmSundumt
vovdn Wumbheedivihmihiida dgnudeyar Taefindestonnu I d wmudum ng
< 24 7 Y Y oA Hy v
) d Ianmusaialdedediguuvvesmnaiiuinuvesmsenasguenuils

waaa I3 suludneduy

, ﬂaawsmmémsu

numyummma‘lﬂa

mmmsgﬂs]ﬂ

eIl dae comphite date 27 pelh

- Junadwsuuanns
i ’ f o v a @
i Junadmsuiinsing i lu Sy

q«mmmwwﬁmi

., unadmsunduniheendn

W 3.23 uamendhedagiudoyaim



49

3.5.6 miheeuaaansongudeyam

niveusasnsmangudeyaim  Useneulide donnuuansdisududiee

{ o v a < 4
nywliiaansauaaama ldiuszeznan 1 Ju Tastunu v Wusgamgduazunu X e

nan, unadmiumuanuaziBeavewnu X , JunadmsumuanuaziBeaveunu y , 1Ju

AT mTugnIvas UL

, Junadmiugnsmuesiudalyl waz Yunadmundy

9 ) - Y] A o Y A A " 7 Y Ay v ¥ 9
wuwmﬂﬂgmmagmm Lﬂuwm%awmﬂmm%amaﬂu"l‘vxlagmsuay,aw"lmzmm"hmwm

Y 3 Y o 9 v 43 9 %
veilaguveyaimudnifeyamaniuumaasalugiuuuvesnsminthseas 1 Ju Tae

amunsnidengiua1ee 1de1ntu Next uag 1]u Previous

9 4 a ¢ [ Y v
nthaeuaasnimeRuideyalu 1 fu Usznevlddredenuuaasdayadiie

VRINSNATDL LAt unade wileuiununtveudasns wangudeyaii udiiuna

o w A JyYy e od a ~ v v
ﬁjﬁﬁﬂwqu}ﬂﬂg‘a@ﬂﬂﬂ”lqmi@QW?JWQIUN']@TT 1 1]1] Iﬂﬂfﬂgﬂﬂllﬂunﬁ“‘ﬂ?u']clﬁﬂ']iniﬂllﬁﬂﬂ

wa'ld 24 ¥ 91U 1 withee

‘Ui’)ﬂ’ﬂ)&!&ﬂﬂwﬂﬁ mu

ufm X uﬁmmqmema |

L!ﬁu Y uﬁmﬂwmqm :S]N

“”*"unﬁmwsumnm1m~mamm~agmu:x |
- 1) nnﬂﬂmsumummawmummunuY

ﬂmﬂq 11415111

swﬂqumﬂmunL
mwsu@nmﬂmmum"lﬂ

ﬂnnﬂamsnnawuna

ﬂﬂgwmaumm

S o A

Wi

L Lunux

st

MUY LARSAIvB gAY

udasrvesna

- ﬂxm

‘U

|

A

ﬂimmanunmum
mm@nmﬁwmuaﬂ‘lﬂ

u;mﬂﬁm unannuwa

3

I gmm

51/ 3.24 ﬁﬂwmmmﬂiwﬂmﬂgm%ymﬁumw%ﬂauﬁmmﬂaﬁaﬁuﬁ%yjﬁ‘lu 15u



50

3.5.7 HYNha2uaAIN TN UIEIBATUNIAINITNANDY
y & 4 A o 5 y &
N9 ILUAAUNDILEZNAINTINININATDUATUMUAIHUALAD Fedul5EnoUveY

9 dy Y 9 A v Y 9y A o Y
nulIvU ‘Lligﬂ@llulﬂﬂ?ﬂ VBANUEDU Lmz‘l!115112'3']Ilﬂ‘VlﬂfT@‘]Jﬂ‘i‘Uﬂ"liJL’J’ﬁTﬂﬂ?ﬂUﬂLLﬁ'J

AL FaU

anuldthms nasaLasuL N Aidipan suin

511 3.25 wineudasmsidoweATUNAININATO

£ ~ 4' (% : :7 7 a
3.5.8 ?‘m‘I%ﬂ!!ﬁﬂdﬂTﬁ!ﬁﬂumﬂizﬂﬂu‘m“Iﬂ’J‘I‘IJfWI
E) dy A a o [ Z [] a Z Y 1 [y d'al
HTUIDUITUTAUND FEUVRANIORITEADUUN ‘lﬂfﬁﬂﬂiﬂmu‘u11ﬁ®gﬁlu3$ﬂﬂﬂﬂ@\3ﬂ”li

T y 9 A a
18 Fadurlsznevvesmtheet dszneudis deanuifiou uaziusndnmmaaey

’Warni‘nfg

Water Ievel is too Iow

So rt will make a damage to boner if you still gomg on

[ Y
']J‘I?l 3.26 ﬁu”mauﬁmmsmaumas aurigindng

3.6 myvonuuunvasne linszuans

3.6.1 299591l

f?m?ﬂmwmf:"lwﬂszufmwvd;sl%"lquﬁmuﬂmiw 5 {0 2 STVY AD +5 Az +15
Toad Tesoonuun ¥ ldessnguwmesithumdeie msizide wazaeesae o 7190

. o & E v =
doamsnszue liwnidn denesilduaasiddegiduarsd



51

7805

To Heatar
[ +5 Vdc
7815 L ,
i b 117
_ Fuse 220 18 E ' E 2 15 vde
A4 ' 43 ; Bridge A i
220V @ )i ; dioda 2200 uF = o
> | zsov | v
- i

GND

311 3.27 2993018 I nITUAR S

3.6.2 inanszuavasgilnsal
dmsulnaaniilulassemuenld 2 dau fe
1. Fawes 19nszua=600 W/ 220V =273 A
2. dwmugudu q lenseuadseum 1 A
g 9 AqQYY aaw '
Wmzariy  wilsudawmlddealinianszuauinnil 1 A ua

e doalinnadseua 4 A

Y d
3.7 msvenuuumsdadsginaal
Tumsihdailseneude 9 wlszreudndredu sedindnmsuaziunialuudas
9
v Aell
a d U v ‘:
3.7.1 DANBSUAZAIHIVEATHIY
[ v K A’, ° [ 9 =1 o 9 9/ a Id
auIngarsudzgminuiugvesrhunaiinnes  udawrhuddadinness
~ s A A&
wwmstaithndnnesonnuile
A ¢ ' @ Y v ¥y A
finnesezgninegiiuluvesnuiuduanudeu Tassusasndvesnld ieniu

o 4
azaanlumsihanuazeinlinines

ﬂﬁ 3.28 ms%mwumﬂasummuwaﬂ%m‘lu



82

3.1.2 Foumos
a dw 1 Yy o 9 2 Y A ]
Fanossanosre dmluvesnuiusuanudou gagnoonuuyliuSnuduves
[ 9 a [ g a N [
RUAUNUANNIOUT MM IUBNTLAVILN 3 IuAmasNnAuRUIY oo 13198 ames (5
ui: 9 o [ [ a n’/l v o
dunmlsnugameswsaegsouiinnes quondudnned 3 wudmas) uennntuiwhns
wggauniuauioulinggeenmnieuen lusedu@endulama wee132esan'ly
Y998 AIAD SR NUIFHUNIIIDT
o o ] a o/ v o v 24
astiunanlFan Famesieggnieegiluvesnuauiuanudounaeanar Geee

Mlazainlunsenininesish/esn

319 3.29 mMsdnef ames

3.1.3 UHIH AUKNII9D5
dqvae A yy
UR29959 anue TluTaseau #e'ldun
4
1. 295 lulasnoulnsames
Y 9 9 ad
2. NNV NUToune s Waaoulnsa
[ o [Y]
3. nNwveedygumes lualida
Y
4. NWMNMURUIZAUU
5. 2993018 Inseuansy
Tasazuonudaza9es Iidudaszdeiu ududou Toadreaeln unud azviuduumeas
=% ] I~ 1 EY Y £l [ (] A
wimlng 9 amsizn desmsiiianuazainlumsudla, USuilge uagdouusy oy
 : d' (-] F— 4 1
azaannifegiuiluasesfenlg
9 9 v
'Nﬂsmmﬁ%zmﬁﬂﬂmmummu"&ﬁmmﬂ 30 x 40 wuAwas e ldauseiiila
Y
M3 B18d e melulaseadeld venointl & ﬂmmmmau 9 aﬂwmﬂmﬂguumu"m
e
1. e

2. wdeuag



53

3. 90LAAINA LCD
a [ . ad a
4. mesiueaves meslufida, Serial Port, samos AMudidnlase, Teauoss
o
189
5. adudue i
A ' =< yy v = <
waztenuazaInlunsas VAR LAz oMLY 39 I8eonuun LIS LRI 95T
v
ausaaudvesnnndalasiadldedudas: Taoglununazumsms fnsuansldes

sUselai

Board 7993MIUAN
MCS 51 seuTh

[ | d
IVIVUIURND T

IDVUAAN

éa
wa LCD MaINUoD

A

) 9V
2909 niouilas

& [y
mosluathila
DC supply

31 3.30 M3 TA19RI993



54

3.7.4 Inssafudmduedmviouazunaians
4
IﬂNﬁ%’ﬁé’nﬁ%’mwmwﬁmmzum'msﬁmmmﬁﬂmnﬂszﬂﬂuﬁugﬂ Ny nd
Y
GIVL N 31/41/20 wsudmas awdey Taseenuuuli 2 du

Y v v

L Funu - Vs ldhduiu mewe T enunsuanudounazdmde Tnoawin
Y 9 ya LY [ Blt;’

auufiuadouliinediuumiv 147

k4 v
2. dud- o I nwmsiauneses Tasumsiiawsofudvesn 1dosesase

yw 1 @ o o 4

uwonuniifeld i liadnmdveslnssat uaziifiusegadnmth e

= 9 a2 9
ATULT YUIDUDNAY

11 331 Tassardedmiuedamifouazineaees

& v a d < Y a g
3.17.5 meslundidl a Toavesdal uaziuddninse
< ' ‘ay R a (5% ] o R 4 Y A

gunstimatlazgniafnediudiuivdaglnsal  Tneusnveslasvesiiu  weaaw

azannlumsands elunsassadfudnuiuiuanudeutiuziield 2 nvasie
9 ° 1 v K £ Y o 1 Aa vy

L vz 5o - sshundwivBagnsel wilszneudhdudugniidnegdniluves
auiuanuieu lagldhnmsdasedunnugalumsise nouldimng ausums 1S oy
$oudn

2. vazlildon - ssendiufuiagunsaleennyszneudifudiuguiianedd

o ¥ A g9 = 7Y @ Y Y
UBNYDNRUIUNUAIUIOU !.Wﬂi'ﬁﬁﬂﬂiﬂﬂﬂ‘l]ﬂlﬂ@iL‘il'l/ﬁ)?]ﬂ%”lﬂﬂlnlmuﬂ?'mi’ﬂullﬂﬁgﬂi]ﬂ
) [ C4 ' csy a a da y 9 9y [
dmsume IWvosgunsaimaiil winulusmmadniaa 3dudenuausuany
I o v A 4 v W
FouTagazuonidlu 2 519 fie smssn”lﬁ'mwmmaﬂmﬂaﬂaag;ﬁm 9 ietlosudyanusy

~ Y a I o ) Y adg Y
AU iNVl’:’(ﬂQ‘ﬂ&"lJizﬂEJ‘IJﬂ’Jﬂﬂ'lﬂ"vﬂﬂI“Imuﬂﬂﬂ’a’lﬁ’il 210U LLﬁSfT”IEJ‘UENmu’E)LﬁﬂTﬂSﬂ 21U



85

{ [ 1 o 4 [ [
717 3.32 msSanedauiudagunsaiidiunuiuiuanudeu

3.7.6 09¥1dh 94
% g o A <3 :’ ~ a (=) o Y o
adsesgneenuuu el 1 e Nezidulddnnes Taslduanms lnaves
v & v '
voumasnniigeasdiialumssenuuy  Tesszaedni P lussduiignhdinnes (g
9
vesnugeninhnauuiuawiouannnin 30 wudmes) ud:dsdevieauniulyiuoes
& (] { = g 1 1T 1
87 FegamugulaslulasaeuTnsamefimihiiduaiaddaiai seunsgiinnoses
T4l
o v v Z o :s' Yy =y é ~ [ a ’o’ {’ [} é
dmsvanidsesldtivun 30 Gas Fufivsnedomadui wiiuszezna 1 Juass

o Y A a Z d” P o/ o’:
wﬂmﬁﬂnamummuu ﬂumwwmamuas 1 A39

[ E4
311 3.33 msdansdaiidises



56

unn 4

Wan1sNAaeY
4.1 HEMIMNVANVAAIATIA N IDU

yee luil wanswansmuguussduduvaaininnudeu Ao mlaneuinsa Tao
v a U dy
uAnzgIlinumanededl

sududneile - wemsgldyanamuquitsedudie o dafuduanamnbes ieth
Y 4
liladedyanmuiad

[

UYWAY AANUTYY N

N 9
sunens - uamsgdaanaiad Afadu o dwmid
aadee Tagthwls sufeududyanasssdudunm

vy

Y I’ v = 4 Ay ¥
sUmuanile - uﬁmgﬂﬁmmmzmﬂummwvmnmanammai T ﬂluﬂlﬂﬂlﬂulﬂ%%
=2 v Ay o
YUY

umtmuwmﬁmmmﬁ'ﬁﬁ‘nmﬂuammmusaﬂuauwm

o2 emov

Zoom: 2 Type : mzm;

ma off : umlwu

yanalussunadeuigumall 85 asraFoa

2002/03/24_ 152343
Sms/div

(5ms/div)
NORM200KS/5

racaze

Tracet= wx 1.
e Max 069

Tomar [P
a1 8sz1

smnmqmm
BW  20bz




Stey 3 2002/03/24 153558 Stopped. 3 2002/03/24 153720 Stopped g 2002/03/24 153939
oHisIV . cmiv T Sens /v CHim1V Crmiv S S /dw CHisY T Sms /v
oc u oC Tl 1 (5ms/Gv) oC 11 oC 11 1 (5rus/div) oc w1 1 (5ms/div) A
: : ; NORMZ0NS /5 : NORNEZ00KS /5

racel= Max  1.760v Rek  1.261V Freq 50,00z e L' 240.0v R L-ﬁ‘f " Freq 50
T sex  1.400v Rms Fr z -

[eTracets wax  1.s60v Reb 9670w Freq 1080
Frbg Trace!
= i=Tracez= 358.9mv eq 100.0H: *
Format Fie : l I 1 To
mp. mm Format | Fickame [ AutoFiie To amp. 8533 | oFF
=0ffset =Trigger= Bmp || 8532 | OFF o= =fecord =Trigger=
Smoothing 1 ON  CHI: 00OV Main wT0 =Hier= =0ffsets =Record Lengths =Trigger= Smoothing : ON  CH 00V Man i 1K Mede : AUTO
BW : 20Nz 00V Zowm: K Type : EDOE CIR2 § Smothing : ON  CH1 000V Maim: 1 BW : 20Miz ooy 2 Type : EDOE CH2 £
: Lne BW : 20z 0DV Zoom: 2K  Type : EDOE O £ Dolay
Hold OFF :  MDIMM Hoid OFf :  MINDMUM

a

117 43 dyapaludegumgingg 7 85 esmmadoa

9
ydnyanausio lu/tl anans Synchronization dayanaus s Tvifhnszuaady (31

U (e
1

Ay Sine) tieth ladredyapumaiBes (gunfuammao) nimaasafuuswuduna

uazifluFaduiuyuslaveussiuduna

Stopped 3 2001710718 _1857:19
CHISSV  ©  CHa=T0v I 7 T Sme/div
DC L1 [ AC 101 z 3 : (Bms/div)

: : i : HORME200KS /5

e E sy, 50,004z ouly s0.5%
i S vy
wFiters -mm- =Recard Lengthe =Triggers
m g A
: -\ & 5
317 4.4 M3 Synchronization Fayanas ievh liladedayanuanides

4.2 wamstlTeuhisumesTumidl anldlulnssnudumo 1Tafid GHGLET Y

Graph display between standard thermocouple and thermocouple that use in this project
T T

30 T T
dash : Thermocouple that use in this project
308 i solid : Standard thermocouple
30.7 - .
30.6 - ;“‘ —
Z305] 1 ‘ ‘ ! i
‘23014, ;’ f[ ’P i a =
LA v Lokl R 4
2 I i AU 1
Bsost | lll Hr} MW | ] 1 é 1R ! R‘JL
— H R {\J:‘!;[ I i l | ;1[ il| H | }\
302 P T ‘."f'i M‘!!f I TR JW‘,I‘{ ‘:‘.‘.A“f
v AR e f , { \ Yl
L lﬁi ,H y ‘,w[l PN ‘;‘\!H‘LAI r\‘ i ;wvf f.[ﬁ,Jv | ;! Vo
ol [} UV J .} Il »,‘“ LR v [
" -I \ 5 iﬂv‘«” { [ T ! k
299 . ) . . ,
(o] 0.5 1 1.5 2 25 3

Time ( minute )

jUn4s waaanswmanlF suieuszniames Tufddan1dlulassmfumasgiu



58

4.3 Mamn VUM YITUIZAUMA 9 Aaus 50 — 90 ssruwaITua

2w

w ;

3 9

JUn46(n) usasnImmsnunueungilvemeduiigamngd 50 sewaien

(v) uamanimmsaugugungivensoduiigungi 60 ssmeaiiod

Betiel

= o oy bl st

- m\

i : R
o e s =
X S i ¢ -—
B - & L

Wiin. 1 howr: Jhour30mn: 2 hour - 2 houe 30 iy " 3how

| xsesd| g | __M.__u“___! e ] Lom | - ‘ - I S ;

(n) (v)

JUn47(n) zmmfm'wﬂ15ﬂaﬂﬂuqmwgﬁm90ﬂﬂ@ﬁ'uﬁqmmpﬁ 70 DI

(v) ugasnsmnsniuqugumgilvendoduigangd 80 semisaifue



59

P~ a Y Y A A ~
E‘]J‘Vl 4.8(n ) u.’dmﬂswlmimuquqm‘nquﬂumwuﬂﬂu‘wqmﬁgu 85 DIy

(v) werasnsmsaiuquaamgiivesnlieduiigungil 90 eerwaiFed

4.4 wansMIURNeUvivesniennTigamgll 90 asruwaidea 1unar 14 Tu

<
o

7 10
o)}
i
.
-

i
"
i
o

Ui 4 UN 5 TUN 6

79 49 urmsnsmimsnIugueNMgEn 90 srwaIFed veeTuT 1 - 6



UN 10 Jun 11

Ui 13 Ui 14

1 410 uansnswimsmuguaamaiif 00 esnsaied vesud 7 14



61

4.5 Uswenszualiihnlaelsana

M15°199 4.1 USuanszue Wt n 19 aes 2

seozna luudazsvesmsnageu laeyseun

nILLE
v 2 o
Ngmngil 85 osruwaiFoa (uoumals)
15 Wusn ($r95unaaey) 24
15 wiideu (¥regumgiidn1ng 85 esswaidon) 1.8
szEzMNMID (Fgungiingd A 85 seruwaion) 0.9




62

unt 5
agiwanisduiiuay
5.1 agdwaniseenuuudaviste
it Ifeenuuudamse aunsnusigiuen Idetudes 30 Sutse uazandi 184
ﬂmuﬂummsau“!,umﬁﬂmmmsau ldennsanuqueamaineludmde dnios
T uaﬂumummms%uaﬂ@ﬂﬂsmmummaq ( mosludldla , Adidnlase way Tud

‘LlE]EJﬂ’J'Iﬁ’J ) uu ’d'lﬂJ15&ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ"lﬂﬁ']ﬂﬂ'lﬁlﬁﬁ'gﬂ?ﬂaluﬂﬁalﬂﬁ”Iuttﬁgﬂ'ﬁ“ﬁﬂﬂﬁ”l?i

5.2 agilwansniunueamgil

HamInuRugunYiin 14 fie aunsanugugungd18aed i + 2 osmwafen

v
[=3

(uimnasgmlddmuaeld) meludsgaumgliszndne so - 90 esrwaien wazeh

ado 9 A 1 z:iw 9 d' 1A ~
Qﬂ!ﬁﬂ‘n‘ﬂ?ﬂIlﬂL‘UfJ\'iL‘U‘Ll‘i]"lﬂﬂ']‘ﬂ’.]ﬂllﬂmmﬂiEN'iJWIigTL! l13JLﬂ‘Ll 0.5 DAL

Q

] v v ¥
dmsugnnalumsifivgamgiinnguugiides lwdwangliield  wld

qzs'qsll F2
1

9 9
nanszanm 20 - 40 Wil Tnesziuegiugamaiingels, gamgiiveniineudn uozgungl

vesluanzihinsnaaey

5.3 agiwanisniuguszau

v
S v a

ﬁ??J"I‘iﬁ]ﬂ’J‘]Jﬂ'JJi%ﬂUu ﬂ‘l’iﬂﬂslui ‘]J‘Vl‘ﬂ’lll‘lfuﬂullﬂﬁﬁ@ﬂnﬂ'l Iﬂﬂulil‘l’lﬂﬁ@ﬂ!ﬂﬂll

u
-

Lﬂﬁﬂuuﬂm”lﬂmﬂ LL!EN‘U'Iﬂ‘]Ji WU "I‘VILW‘ML‘JJE)L‘VIEHJﬂ‘U‘ﬂi i maa“luumﬂasasﬂauum
ﬂﬂ’J”Iﬂ'liLﬁ?JaluLLﬁﬁ”ﬂiQ'Mﬂi 3J'li1ﬁ’lu€]fm'lﬂ E)ﬂ‘ﬂ\iﬂﬁﬁTlﬂiﬂﬁﬁNﬂuu 1LL‘1’N‘H§' U 'Iﬂu]lﬂ g

Lﬂﬂnaﬂumsmuu 150 2 ’Juﬁﬂﬂi\‘i

5.4 agilwanismiugunm
Y Ao Ay A g
MInUgUIM  ausamuguna daidmua B ludiSudussus udunadey
Tasiieasnaeuqudrihldimsmaaeunsumunafismun 1uda wdsinsdude lld
o0 1 T wndezaudnaniuihesunawda TLngAMIRIURURMNgImI LS MInYYn
v b4 v
mMInIugugunglneszyh IdmmmadeunsFaiminluduseude lufanain'ld ( mse

o

Yy Y o 9y g Ao a 1 Y KX o ) sol
1141]']%5@11453‘l!L@']vl’J’Jﬂ‘ﬂlﬂ?)BﬂﬂJ"l‘iﬂﬂﬂll'ﬂﬂiJﬁlu"UmSVIfNiﬂH']'f)ﬂ!ﬂQﬂJﬂg LAIIUTNIBNUAN

Q

v
windudunoude lume )



63

5.5 ajilnanisuanine sazifumanmaaes
luduvesmsuaasmn musoudaswanisnansseeniliuns sz ninmgumgl
[ a a a =1 o 1 a <3 A 4
wazrma lavaguansmalunng il uwazluyng 5 Juni szthagamgil Uiy lude is
Ao 9 v & & s . 2 ° v R ¥ o Ay
dae13Tasee daiduiihiTWduss Microsoft access Favzimstiufindoyaemnasaiidoya

alasuulas

5.6 ajUnaanliAveunIo
v

- lddmiunadeunuaumuniia muanasgu IEC 60502 230 Water absorption

v 9y Y (4 v
- naouduau 1dnsiaz 30 —50 FulasnFusiudazsu i dudaiu
- e, usraana uazidudeya Aroneufiume iunenesaeynsy (RS232)

o 4
- ugumsieude lulnsaou Insames 89C51RD+
v v
- muquaungivenildan + 2 esruwaGoa melugregungi 50 — 90 e
S
IyaLTYd
a f,' Y CZ F a :I [ :’ ) [ 1 tg

- i 9o Tudd Adaudnii ludaidses? Su deass)
- Manudeulumsnadeudeg amessarievin 600 Sas

- Tau lWfnseuaady 220 Tad 50 1§85

5.7 uwamalumsnannlassnulueing
1. 1HBININAIAILANLTITUIIBUAAIAA LT DU T¥msmuauuuumlansu Insa ¥

Y v S o o a A dg’
I lidyanaes luinna iy

b4 1
Jorauouue Ao ATODAULLNITNTIT Y UTULINoanTy a3 Tudadena 1

9

A d' [V ] 9 [~ A Ay 1a v v o a
3} ‘Hi@L‘ﬂﬁﬂ‘u’N‘Diﬂ’J‘lJﬂilLﬁﬂﬂum&l‘l]ﬂﬂ’ﬂ‘uiE]ul‘i_lulm'ﬂﬁ)u 'Vl“liJﬂJWﬂﬂiz‘VﬁJﬁﬂﬂW?ﬂiI?Juﬂ

o ) Yy Y dy 9 By o ﬂ 9 9 XY A s A g Y
2. dwmsundeduiinarlFnuse §u uaeslsnugiiuneniumesivefudeoyaves
a A o Ay o Yy o a Jd P4 dy
gangianeanmMIMsnadeusuany  middesdnnmaeuiawesu el uauii lag
mwie ldanusamaeudne 1l lvuldnasasseznaimsnaaey
Joiqueune Ao adseonuuuliduilszutanaiinens wiheausinieuen (195
v A 9 vy . B i
usy Sludu) divdhun Taglvthudeyavaznaaevaslumiteanusiime wazasoge

9 v
Toudeyamaiidigaeuiuaes ldynnafidesms



t&l < dl Y o U v lﬂ' = 1 gj 1 Y o ¥ & Y v
wnasihuenansianulidwiunisidanuienisfnyivingu leygislmhlulduselosuaunisd

ludnsdllas visdu Bnnsudlidaudadlienuasiessdadadivedenarsynasaninisuiluly



MANUHIN N

MAIFIUM INaaeUaIume I de Water Absorbtion



211-1-3© IEC:1983 -17 -

9.2 Gravimetric water absorption test

9.2.1 Preparation of test piece

a) Forzcables with conductors of nominal cross-sectional area equal to or less than
25 mm* and rated voltage up to and including 0,6/1 kV:

Each test piece shall be a piece of core approximateiy 300 mm in lengti.

b) For all other cables:

Slices of 9.6 mm tc 0,9 mm thickness shall be ground or cut in the insulation with
surfaces approximately parallel and free from roughness.

Test pieces 80 mm to 100 mm long and 4 mm to § mm: wide shall be punched out of the
siices.

c) Two test pieces shall be prepared from each core to be tested.

9.2.2 Testing procedure
aj For test pieces as in ltem a) of 9.2.1:
Clean the surface of the test piece by rubbing with a filter paper moistened with water.

Allow the test piece to dry at (70 + 2) °C to constant weight. It may also be allowed to
dry by placing it for 24 h in a low-pressure oven at not more than 6,6 mbar and (70 £ 2) °C.
Cool the sample in a desiccator.

Weigh the test piece to within 0,1 mg..Let M1 be the mass in milligrams.

Wind the test piece arourd a mandrel, whose diameter is at least six to eight times that
of the test piece, so as to bend it to a U shape and force the ends through apertures
bored in the cover of a suitable glass vessel. Only the two test pieces of the same core
chouid be in the glass vessel.

Adjust the position of the test piece such that 250 mm of its length is immersed when
the vessel is filled with water up to the edge cf the fitted cover.

Use preboiled distilled water.

Allow the test piece to remain at the temperature and for the time specified in the
product standard. If the time is not specified, it shall be two weeks for specified
‘thicknesses up to 1,0 mm, three weeks for thicknesses between 1,1 mm and 1,5 mm,
and four weeks for thicknesses above 1,5 mm. [f the temperature is not specified, it
shall be the maximum conductor temperature minus 5 °C, but not exceeding 90 °C. The
water level shall be maintained up to the inside surface of the cover.

Now allow the water to cool to ambient temperature. Remove the test piece and shake
off any drops of water adhering to it, wipe lightly with a filter paper and weigh to the
nearest milligram within 2 min to 3 min of its being removed from the water. Let M2 be
the new mass in milligrams. : )

Finally, dry out the test piece under the same conditions as were used before
immersion, i.e. using whichever of the two alternative methods described above had
been used before the first weighing. Let M3 be the final mass in milligrams.
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b) For test pieces as in ltem b) of 8.2.1:
The test pieces, with thoroughly cleaned surfaces, shall be heated at (70 £ 2) °C under

vacuum (residual pressure close to 1 mbar) for 72 h. Materials 6f substantially different
compositions shall not be treated in the same cell or oven at the same time.

After this treatment, the test pieces shall be cooled for 1 n in a desiccator and weighed
to the nearest 0,1 mg (mass M1).

The test pieces shall then be immersed in deionized (or distilled) water at the
temperature and for the time specified in the standard for the type of cable. If the
temperature is not specified, it shall be the maximum conductor temperature minus
5 °C, but not greater than 90 °C. Each test piece shall be completely immersed in a
separate glass to be equipped with a condenser, or in a beaker covered with a glass
lid.

If a condenser is used, its upper part shall be covered with aluminium foil to prevent
any contamination.

After the time specified in the standard for the type of cable, or atter 14 days if the time
is not specified in the catle standard, the test pieces shall be transferred into deionized
(or distilled) water at room temperature and kept there to cool. Then each test piece
shall be removed from the water, shaken to detach any adherent drops, dried with
special filter paper leaving no fibres, and weighed te the nearest 0,1 mg (mass M2).
Finally the test piece shall be treated under the same conditions as were used before
immersion. Let M3 be the final mass in milligrams.

9.2.3 Expiession of restlts

a) The mass variation in milligrams shall be calculated from one of the following
formuiae: .

1) if the final mass M3 is fess than M1:

(M2 — M3)/A
2) if the final mass M3 is greater than M1:
(M2 — M1)/A

where A is, for test pieces as in item a) of 9.2.1, the surface area in square
centimetres of the 250 mm long immersed portion of sample, and, for test pieces
as in item b) of 9.2.1, the total surface area of the immersed test piece in square

centimetres.
b) The mean value of the mass variation of the two iest pieces shall be recorded as
the value for the core.

10 Shrinkage test for insulation

10.1  Sampling

One sample about 1,5 L mm in length of each core to be tested shall be taken at least
0,5 m away from the end of the cable length.

L is the length given in the relevant cable standard.
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10.2 Preparation of test pieces

All coverings, except adherent, extruded semi-conducting screens, if any, shall be
removed from the samples of insulated conductor without delay.

Within an interval of nct more than 5 min from the time of cutting the samples, a test
length of L + 5 mm shall be marked on the middle part of each piece of core. The distance
between the marks shall be measured to an accuracy of 0,5 mm. Each test piece shall
then be prepared by cutting and removing the insulation from both ends of each sample up
to positions between 2 mm and 5 mm away from the marks.

10.3 Procedure

The test pieces shail be supported horizontally in an air oven by ihe bare ends of
conductors or on the surface of a talc bath, to permit free movement of the insulation.
They shall be heated at the temperatire and for the time specified in the standard for the

type of cable.

The test pieces shall then be allowed to cool in air to room temperature and the distance
between the two marks on each piece measured again to the nearest 0,5 mm. ‘
10.4 Expressior: of results

The difference between the distances between the marks before the heat treatment and
after the heating and cooling shall be recorded as a percentage of the distance between
the marks before the treatment. .

11 Shrinkage test for PE sheaths

11.1  Test equipment

Oven electrically heated and naturally ventiiated.
Measuring tape with a2 scale division of 1 mm.

11.2  Sampling

The cable to be tested shall be stored tor at least 24 h at room temperature before the
test. :

One sample (500 + 5) m in length shall be taken at least 2 m away from the_g___n_,d. of the
cable length. R

11.3  Preparation of test pieces

-

The initial length of the sheath (L,) shall be determined, immediately after cutting, as the
mean value of two measurements. These shall be made longitudinally and parallel to the
cable sample axis between diametrically opposite marks on the ends of the sample. If the
sample is bent, these measurements shall be taken on the inside and outside of the bend.
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11.4  Test procedure

The test piece shall be supported horizontally in an oven preheated to the témperature
specified in the standard for the type of cable. The test piece should remain in the oven for
a time specified in the standard for the type of cable.

The test piece shall then be removed from the oven and allowed to cool in air at room
temperature. This thermal cycle shall be carried out five times. After cooling to room
temperature, the final length of the sheath (L,) shall be determined as described in 11.3.

11.5 Expression of results

The percentage shrinkage (AL) is caiculated using the following:

L-L
2
AL = — ' %2 «100%

Ly
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER CABLES WITH EXTRUDED INSULATION AND THEIR ACCESSORIES
FOR RATED VOLTAGES FROM 1 kV (Un=1,2kV) UP TO 30 kV (Un =36 kV) -

Part 1: Cables for rated voltages of 1 kV
(Un=1,2kV) and 3 kV (Up = 3,6 kV)

FOREWORD
ATOU AQW
1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted !o “technical  committees;"any 1EC~ National Commlittee interested~in the "subject dealt~with may"
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.
2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply |EC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsibie for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60502-1 has been prepared by subcommittee 20A: High-voltage
cables, of [EC technical committee 20: Electric cables.

ot e e A AN U EOX R ST T

The text of this standard is based on the following documents:

FDIS Report on voting eI LI NP
FCUSTRIAL Siael,:000 Lirit

20A/318/FDIS 20A/347/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table. ,

IEC 60502 consists of the following parts, under the general title: Power cables with extruded insulation
and their accessories for rated voltages from 1 kV (Up = 1,2 kV) up t0.30 kV (U = 36 kV):

— Part 1: Cables for rated voltages of 1 kV (Up = 1,2 kV) and 3 kV (U, = 3,6 kV),
— Part 2: Cables for rated voltages from 6 kV (Un = 7,2 kV) up to 30 KV (Um = 36 kV);

- Part 3: Reserved;
Part 4: Test requirements on accessories for cables with rated voltages from 6 kV (Un = 7,2 kV)
up to 30 kV (Umq = 36 kV).

Annexes A, B and C form an integral part of this standard.
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POWER CABLES WITH EXTRUDED INSULATION AND THEIR ACCESSORIES
FOR RATED VOLTAGES FROM 1 kV (U= 1,2 kV) UP TO 30 kV (Um = 36 kV) —

Part 1: Cables for rated voltages of 1 kV
(Um =1,2kV) and 3 kV (Uny = 3,6 kV)

1 Scope

This part of IEC 60502 specifies the construction, dimensions and test requirements of power
cables with extruded solid insulation of rated voltages 1 kV and 3 kV for fixed installations such
as distribution networks or industrial installations.

Cables for special installation and service conditions are not included, for example cables for
overhead networks, the mining industry, nuclear power plants (in and around the contamment
area), submarine use or'shipboard application; T

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60502. At the time of publication, the editions indicated
were valid. All normative documents are subject to revision, and parties to agreements based
on this part of IEC 60502 are encouraged to investigate the possibility of applying the most
recent editions of the normative documents indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60038: 1983, IEC standard voltages

IEC 60060-1: 1989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60183: 1984, Guide to the selection of high-voltage cables
IEC 60228: 1978, Conductors of insulated cables
IEC 60230: 1966, Impulse tests on cables and their accessories

IEC 60332-1: 1993, Tests on electric cables under fire conditions — Part 1: Test on a single
vertical insulated wire or cable

IEC 60502-2: 1997, Power cables with extruded insulation and their accessories for rated
voltages from 1 kV (Uyp = 1,2 kV) up to 30 kV (Uy, = 36 kV) — Part 2: Cables for rated voltages
from 6 kV (Uyp = 7,2 kV) up to 30 kV (Uy, = 36 kV)

IEC 60724: 1984, Guide to the short-circuit temperature limits of electric cables with a rated
voltage not exceeding 0,6/1,0 kV

IEC 60811-1-1: 1933, Common test methods for insulating and sheathing materials of electric
cables — Part 1: Methods for general application — Section 1: Measurement of thickness and
overall dimensions — Tests for determining the mechanical properties

IEC 60811-1-2: 1985, Common test methods for insulating and sheathing materials of electric
cables — Part 1: Methods for general application — Section 2: Thermal ageing methods
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IEC 60811-1-3: 1993, Common test methods for .nsulating and sheathing materials of electric
cables — Part 1: Methods for general application — Section 3: Methods for determining the density ~
Water absorption tests — Shrinkage test

IEC 60811-1-4: 1985, Common test methods for insulating and sheathing materials of electric
cables — Part 1: Methods for general application — Section 4: Tests at low temperature

IEC 60811-2-1: 1986, Common test methods for insulating and sheathing materials of electric
cables — Part2: Methods specific to elastomeric compounds — Section 1: Ozone resistance test —
Hot set test — Mineral oil immersion test

IEC 60811-3-1: 1985, Common test methods for insulating and sheathing materials of electric
cables — Part 3: Methods specific to PVC compounds — Section 1: Pressure test at high
temperature — Tests for resistance to cracking

IEC 60811-3-2: 1985, Common test methods for insulating and sheathing materials of electric
‘cables — Part-3:-Methodsspecific to-PVC compounds—=Section2:1.0ssof mass test— Thermal

stability test

[EC 60811-4-1: 1985, Common test methods for lnsulat/ng and sheathing materra/s of electric
cables — Part 4: Methods specific to polyethy/ene and polypropylene compounds — Section 1:
Resistance to environmental stress cracking — Wrapping test after thermal ageing in air —
Measurement of the melt flow index — Carbon black and/or mineral content measurement in PE

IEC 60986: 1989, Guide to the short-circuit temperature limits of electric cables with a rated
voltage from 1,8/3 (3,6) kV to 18/30 (36) kV

ISO 48: 1994, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness
between 10 IRHD and 100 IRHD)

3 Definitions
For the purpose of this part of I[EC 60502, the following definitions apply.

3.1 Definitions of dimensional values (thicknesses, cross-sections, etc.)

3.1.1 nominal value: Value by which a quantity is designated and which is often used in
tables. Usually, in this standard, nominal values give rise to values to be checked by
measurements taking into account specified tolerances.

;\xﬂ::u\m
3.1.2 approximate value: Value which is neither guaranteed nor checked; it is used, for
example, for the calculation of other dimensional values.

A1AR1I
3.1.3 median value: When several test results have been obtained and ordered in an
increasing (or decreasing) succession, the median value is the middle value if the number of
available values is odd, and the mean of the two middle values if the number is even.

3.1.4 fictitious value: Value calculated according to the “fictitious method" described in
annex A. '
3.2 Definitions concerning the tests

3.2.1 routine tests: Tests made by the manufacturer on each manufactured length of cable
to check that each length meets the specified requirements.
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3.2.2 sample tests: Tests made by the manufacturer on samples of completed cable or
components taken from a completed cable, at a specified frequency, so as to verify that the
finished product meets the specified requirements. .

3.2.3 type tests: Tests made before supplying, on a general commercial basis, a type of
cable covered by this standard, in order to demonstrate satisfactory performance
characteristics to meet the intended application. These tests are of such a nature that, after
they have been made, they need not be repeated, unless changes are made in the cable
materials or design or manufacturing process which might change the performance

characteristics.

3.2.4 electrical tests after installation: Tests made to demonstrate the integrity of the cable
and its accessories as installed.

—-4-—--Voltage designations-and -materials-— — -

4.1 Rated voltages

The rated voltages Ug/U (Un) of the cables considered in this standard are 0,6/1 (1,2) kV and
1,8/3 (3,6) kV. ‘

NOTE 1 - The voltages given above are the correct designations although in some countries other designations
are used, e.g. 1,7/3 kV or 1,9/3,3 kV instead of 1,8/3 kV.

In the voltage designation of cables Up/U (Up,):

Uy is the rated power frequency voltage between conductor and earth or metallic screen
for which the cable is designed;

U is the rated power frequency voltage between conductors {or wnch the cabie s
designed;

Unm s the maximum value of the "highest system voltage" for which the equipment may be
used (see IEC 60038).

The rated voltage of the cable for a given application shall be suitable for the operating
conditions in the system in which the cable is used. To facilitate the selection of the cable,

systems are divided into three categories:

- category A: this category comprises those systems in which any phase conductor that
comes in contact with earth or an earth conductor, is disconnected from the

system within 1 min;

— category B: this category comprises those systems which, under fault conditions, are
operated for a short time with one phase earthed. This period, according to
IEC 60183, should not exceed 1 h. For cables covered by this standard a
longer period, not exceeding 8 h on any occasion, can be tolerated. The
total duration of earth faults in any year should not exceed 125 h;

— category C: this category comprises all systems which do not fall into category A or B.

NOTE 2 - It should be realized that in a system where an earth fault is not automatically and promptly isolated, .
the extra stresses on the insulation of cables during the earth fault reduce the life of the cables to a certain
degree. If the system is expected to be operated fairly oftern with a permanent earth fault, it may be advisable to

classify the system in category C.

The values of Uy recommended for cables to be used in three-phase systems are listed in
table 1.
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Table 1 — Recommended rated voltages U

Highest system voltage Rated voltage (Up)
(Un) kV
kV Categories A et B Category C
- 1,2 0,6 0,6
3,6 1,8 3,6

* This category is covered by 3,6/6 (7,2) kV cables to IEC 60502-2.

4.2 Insulating compounds

The types of insulating compound covered by this standard are listed in table 2, together with
their abbreviated designations.

Table 2 — Insulating compounds

‘ Abbreviated
| |
nsulating compound designation
a) Thermoplastic
polyvinyl chioride intended for cables with rated voltages Uy/U < 1,8/3 kV PVC/A®
b) Thermosetting:
ethylene propylene rubber or simitar (EPM o 2PDM) EPR
high modaulus or hard grade ethylene propylene rubber HEPR
cross-linked polyethylene XLPE
Insulating compound based on polyvinyl chloride intended for cables with rated voltages
Uy/U = 3,6/6 kV is designated PVC/B in IEC 60502-2.

Tne maximum conductor temperatures for different types of insulating compound covered by
this standard are given in table 3.

Table 3 - Maximum conductor temperatures for different types of insulating compound

Maximum conductor temperature
Insulating compound °C
: Short circuit
lormal .
Biermal speraion (5 s maximum duration)
e
Ptlyvinyl chloride (PVC/A)
Conductor cross-section <300 mm? 70 160
Conductor cross-section >300 mm? 70 140
'/”"ss-linked polyethylene (XLPE) 390 250
(EPR and HEPR) 390 250

i *thylane propylene rubber
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The temperatures in table 3 are based on the intrinsic properties of the insulating materials. It
is important to take into account other factors when using these values for the calculation of

current ratings.

For example, in normal operation, if a cable directly buried in the ground is operated under
continuous load (100 % load factor) at the maximum conductor temperature shown in the table,
the thermal resistivity of the soil surrounding the cable may, in the course of time, increase
from its originai value as a result of drying-out processes. As a consequence, the conductor
temperature may greatly exceed the maximum value. If such operating conditions are foreseen,
adequate provisions shall be made.

For guidance on the short-circuit temperatures, reference should be made to IEC 60724 and
IEC 60986.

4.3 Sheathing compounds

The maximum conductor temperatures for the different types of sheathing compound covered
by this standard are given in table 4. :

Table 4 - Maximum conductor temperatures for different types of sheathing compound

Maximum conductor
o . Abbreviated temperature in normal
eafiing cRiigauy designation operation

°C

a) Thermoplastic:

! oo yv nyl chionde (PVC) ST, 80
ST, 90

polyethylene ST, 80

ST, 90

b) Elastomeric:

polychloroprene, chiorosulfonated polyethylene SE# &5
or similar polymers

5 Conductors

The conductors shall be either of class 1 or class 2 of plain or metal-coated annealed copper
or of plain aluminium or aluminium alloy in accordance with |[EC 60228.

6 Insulation

6.1 Material

Insulation shall be extruded dielectric of one of the types listed in table 2.

6.2 Insulation thickness

The nominal insulation thicknesses are specified in tables 5 to 7.

The thickness of any separator shall not be included in the thickness of the insulation.
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Table 5 — Nominal thickness of PVC/A insulation

Nominal thickness of insulation
Nominal cross-sectional at rated voltage
area of conductor Up/U (Up)
0,6/1 (1,2) kV 1,8/3 (3.6) kV
B mm?2 mm mm
1,5and 2,5 0,8 =
4 and 6 1,0 =
10 and 16 1.0 2.2
25 and 35 1,2 2,2
50 and 70 1,4 2,2
95 and 120 1.6 2,2
150 1,8 2,2
S S 185 2,0 2.2
240 2,2 22
300 2,4 2,4
400 2,6 2,6
500 to 800 2,8 2,8
1 000 3,0 3.0
NOTE — Any smaller conductor cross-section than those given in this table is not
recommended.

Table 6 — Nominal thickness of cross-linked polyethylene
(XLPE) insulation

Nominat thickness Of 1Nsy1atton
Nominal cross-sectional at rated voltage
area of conductor Up/U (Un)
0,6/1 (1,2) kV 1,8/3 (3,6) kV
mm?2 mm mm
1,5and 2,5 0,7 -
4 and 6 0,7 -
10 and 16 0.7 2.0
25 and 35 0.9 2.0
50 1.0 2,0
70 and 95 1.1 2,0
120 4.2 2,0
150 1.4 2.0
185 1,6 2.0
240 el 2,0
300 1.8 2,0
400 2,0 2,0
500 2.2 2,2
630 2.4 2.4
800 2,6 2,6
1 000 2.8 2,8
NOTE - Any smaller conductor cross-section than those given in this table is not
recommended.
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Table 7 - Nominal thickness of ethylene propylene rubber (EPR) and

hard ethylene propylene rubber (HEPR) insulation <
Nominal thickness of insulation
at rated voltage
Nominal Ug/U (Up)
cross-sectional
= area of conductor 0,6/1 (1,2) kV 1.8/3 (3.6) kV
EPR HEPR EPR HEPR
mm? mm mm mm mm
1,5and 2,5 1,0 0,7 - -
4 and 6 1.0 0.7 - -
10 and 16 1,0 0.7 2,2 2.0
25 and 35 1,2 0.9 2,2 2,0
50 1,4 1,0 2,2 2,0
70 1,4 1.1 2,2 2,0
95 1,6 11 2,4 2,0
120 1,6 T 2.4 2,0
150 1.8 1,4 2.4 2,0
185 2,0 1,6 2.4 2.0
240 232 Adr 2,4 2,0
300 2.4 1.8 2,4 2,0
400 2.6 2.0 2.6 2,0
500 2.8 2 2.8 2.2
630 2.8 2,4 2,8 2.4
800 2.8 2,6 2,8 2,6
1000 3.0 2.8 3.0 2.8
NOTE - Any smaller conductor cross-section than those given in this table is not
recommended.

7 Assembly of multicore cables, inner coverings and fillers

The assembly of multicore cables depends on the rated voltage and whether a metallic layer is
applied to each core.

The following subclauses 7.1 to 7.3 do not apply to assemblies of sheathed single-core cables.

7.1 Inner coverings and fillers
7.1.1 Construction

The inner coverings may be extruded or lapped.

For cables with circular cores, except cables with more than five cores, a lapped inner covering
shall be permitted only if the interstices between the cores are substantially filled.

A suitable binder is permitted before application of an extruded inner covering.

7._1 .2 Material

The materials used for inner coverings and fillers shall be suitable for the operating
femperature of the cable and compatible with the insulating material.
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7.1.3 Thickness of extruded inner covering

The approximate thickness of extruded inner coverings shall be derived from table 8.

Table 8 — Thickness of extruded inner covering

Fictitious diameter .
h over laid-up cores Thlc_kness of extruded
inner covering

Above Up to and including (approximate values)
mm mm -
- 25 1.0
25 35 12
35 45 14
45 60 AJ 6
60 80 i8
80 _ 20

7.1.4 Thickness of lapped inner coverings

The approximate thickness of lapped inner coverings shall be 0,4 mm for fictitious diameters
over laid-up cores up to and including 40 mm and 0,6 mm for larger diameters.

7.2 Cables with rated voltage 0,6/1 kV

"Cables with rated voltage 0,6/1 kV may have a metallic layer collectively surrounding the cores.

NOTE - Tne chowce between cables having and cables not having a metallic layer depends upon national
‘egulations ang insiallation requirements for the prevention of possible dangers from mechanical damage or
direct electncal contact.

7.2.1 Cables having a collective metallic layer (see clause 8)

Cables shall have an inner covering over the laid-up cores. The inner covering and fillers shall
comply with 7.1,

Metallic tapes may, however, be applied directly over the assembled cores, omitting the inner
covering, provided that the nominal thickness of each tape does not exceed 0.3 mm and that
ne completed cable complies with the special bending test specified in 18.17.

7.2.2 Cables having no collective metallic layer (see clause 8)

Tne inner covering may be omitted, provided the outer shape of the cable remains practically
Circular and no adhesion occurs between cores and sheath.

The oversheath may penetrate into the interstices of the cores, except in the case of
‘hermoplastic sheaths over circular cores exceeding 10 mm2.

. however, an inner covering is applied, its thickness need not comply with 7.1.3 or 7.1.4.
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7.3 Cables with rated voltage 1,8/3 kV

Cables with rated voltage 1,8/3 kV shall have a metallic layer surrounding the cores either
individuaily or collectively.

7.3.1 Cables having only a collective metallic layer (see clause 8)

Cables shall have an inner covering over the laid-up cores. The inner covering and fillers shall
comply with 7.1 and shall be non-hygroscopic.

7.3.2 Cables having a metallic layer over each individual core (see clause 9)

The metallic layers of the individual cores shall be in contact with each other.

Cables with an additional collective metallic layer (see clause 8) of the same material as the

underlying individual metallic layers shall have an inner covering ‘over the laid=up—cores™The

inner covering and fillers shall comply with 7.1 and shall be non-hygroscopic.

When the underlying individual metallic layers and the collective metallic'layer are of different
materials, they shall be separated by an extruded sheath of one of the materials specified
in 13.2. For lead-sheathed cables the separation from the underlying individual metallic layers
may be obtained by an inner covering according to 7.1.

For cables having neither armour, nor concentric conductor, nor other collective metallic layer
(see clause 8), the inner covering may be omitted provided the outer shape of the cable
remains practically circular. The oversheath may penetrate into the interstices of the cores,
except in the case of thermoplastic sheaths over circular cores exceeding 10 mm2. If, however,
an inner covering is applied, its thickness need not comply with 7.1.3 or 7.1.4.

8 Metallic layers for single-core and multicore cables

The following types of metallic layers are included in this standard:

a) metallic screen (see clause 9);

lead sheath (see clause 11);

)
b) concentric conductor (see clause 10);
c)

)

d) metallic armour (see clause 12).

The metallic layer(s) shall comprise one or more of the types listed above and shall be non-
magnetic when applied to either single-core cables or individual cores of multicore cables.

9 Metallic screen

9.1 Construction

The metallic screen shall consist of one or more tapes, or a braid, or a concentric layer of wires
or a combination of wires and tape(s).

It may also be a sheath or, in the case of a collective screen, an armour which complies
with 9.2.
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When choosing the material of the screen, special consideration shall be given to the
possibility of corrosion, not only for mechanical safety but also for electrical safety. |, N

Gaps in the screen shall comply with the national regulations and/or standards.

9.2 Requirements

The dimensional, physical and electrical requirements of the metallic screen shall be
determined by national regulations and/or standards.

10 Concentric conductor

10.1 Construction

Gaps in the concentric conductor shall comply with nationalregulations-and/or standards: -

When choosing the material of the concentric conductor, special consideration shall be given to
the possibility of corrosion, not only for mechanical safety but also for electrical safety.

10.2 Requirements

The dimensional and physical requirements of the concentric conductor and its electrical
resistance shall be determined by national regulations and/or standards.

10.3 Application

When a concentric conductor is required, it shall be applied over the inner covering in the case
of multicore cables; in the case of single-core cables, it shall be applied either directly over the
insulation or over a suitable inner covering.

11 Lead sheath

The sheath shall consist of lead or lead alloy and shall be applied as a reasonably tight-fitting
seamless tube.

The nominal thickness shall be calculated by the following formula:

a) for all single-core cables or assemblies thereof:
oo = 0,03 Dg+ 0.8
b) for all cables with sector-shaped conductors:
fob = 9,03 Dg + 0,6
c) for all other cables:
top = 0,03 Dg + 0,7
where
tob is the nominal thickness of lead sheath, in millimetres;

Dg is' the fictitious diameter under the lead sheath, in millimetres (rounded to the first
decimal place in accordance with annex B).



60502-1 © [EC:1997 -27 -

In all cases the smallest nominal thickness shall be 1,2 mm. Calculated values are to be
rounded to the first decimal place (see annex B). <

12 Metallic armour

12.1 Types of metallic armour
The armour types covered by this standard are:

a) flat wire armour;
b) round wire armour;

c) double tape armour.

12.2 Materials

Round or flat wires shall be of galvanized steel, copper or tinned copper, aluminium or
aluminium alloy.

Tapes shall be of steel, galvanized steel, aluminium or aluminium alloy. Steel tapes shall be
hot- or cold-rolled of commercial quality.

In those cases where the steel armour wire layer is required to comply with a minimum
conductance, it is permissible to include sufficient copper or tinned copper wires in the armour
layer to ensure compliance.

When choosing the material of the armour, special consideration shall be given to the
Dossibility of corrosion, not only for mechanical safety, but also for electrical safety, especially
when the armour 1s used as a screen.

The armour of single-core cables for use on a.c. systems shall consist of non-magnetic
material, unless a special construction is chosen.

12.3 Application of armour

12.3.1 Single-core cables

In the case of single-core cables, an inner covering, extruded or lapped, of the thickness
specified in 7.1.3 or 7.1.4, shall be applied under the armour.

12.3.2 Multicore cables

In the case of multicore cables, the armour shall be applied on an inner covering complying
with 7.1 except for special applications using metallic tapes, see 7.2.1.

12.3.3 Separation sheath

When the underlying metallic layer and the armour are of difierent materials, they shall be
separated by an extruded sheath of one of the materials specified in 13.2.

When an armour is required for a lead-sheathed cable it may be applied over a lapped bedding
according to 12.3.4.

If a separation sheath is used, it shall be applied under the armour instead of, or in addition to,
the inner covering.
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The nominal thickness of the separation sheath T expressed in millimetres shall be calculated
by the following formula: .

T.=0,02 D, + 0,6

where D, is the fictitious diameter under this sheath, in millimetres, calculatea as described
in annex A.

The value resdilting from the formula shall be rounded off to the nearest 0,1 mm (see annex B).

For cables without a lead sheath the nominal thickness shall be not less than 1,2 mm. For
cables where the separation sheath is applied directly over the lead sheath, the nominal
thickness shall be not less than 1,0 mm.

12.3.4 Lapped bedding under armour for lead-sheathed cables

The lapped bedding applied to the compound coated lead sheath shall consist of either
impregnated and compounded paper tapes or a combination of two layers of impregnated and
compounded paper tapes followed by one or more layers of compounded fibrous material.

The impregnation of bedding materials may be made with bituminous or other preservative
compounds. In case of wire armour these compounds shall not be applied directly under the
wires.

Synthetic tapes may be used instead of impregnated paper tapes.

The total thickness of the lapped bedding between the lead sheath and the armour after
application of the armour shall have an approximate value of 1,5 mm.

12.4 Dimensions of the armour wires and armour tapes

The nominal dimensions of the armour wires and armour tapes shall preferably be one of the
following values:

round wires-

0,8-1,25-16-2,0-2,5-3,15 mm diameter;

flat wires:

0,8 mm thickness;

tapes of steel:

0,2 - 0,5 - 0,8 mm thickness;

tapes of aluminium or aluminium alloy:

0,5 - 0,8 mm thickness.

12.5 Correlation between cable diameters and armour dimensions

The nominal diameters of round armour wires and the nominal thicknesses of the armour tapes
shall be not less than the values given in tables 9 and 10 respectively.
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Table 9 - Nominal diameter of round armour wires

Fictitious diameter under the armour
Nominal diameter
Above Up to and including of armour wire

mm mm mm

- 10 0,8

10 15 1,25

15 25 1.6

25 35 2.0

35 60 2.5

60 - 8,15

Table 10 - Nominal thickness of armour tapes

Fictitious diameter under the armour Nominal thickness of tape
Above Up to and including Steel or galvanized Alur.ni.mum or
steel aluminium alloy

mm mm mm mm
= 30 0.2 0,5
30 70 0.5 0.5
70 - 0,8 0,8

NOTE - This table does not apply to cables having metallic tapes applied directly over

the assembled cores (see 7.2.1).

For flat armour wires and fictitious diameters under the armour greater than 15 mm, the
nominal thickness of the flat steel wire shall be 0,8 mm. Cables with fictitious diameters under
the armour up to and including 15 mm shall not be armoured with flat wires.

12.6 Round or flat wire armour

The wire armour shall be closed, i.e. with a minimum gap between adjacent wires. An open
helix consisting of galvanized steel tape with a nominal thickness of at least 0,3 mm may be
provided over flat steel wire armour and over round steel wire armour, if necessary. Tolerances
on this steel tape shall comply with 16.7.3.

12.7 Double tape armour

When a tape armour and an inner covering as specified in 7.1 are used, the inner covering
shall be reinforced by a taped bedding. The total thickness of the inner covering and the
additional taped bedding shall be as given in 7.1 plus 0,5 mm if the armour tape thickness
s 0,2 mm, and plus 0,8 mm if the armour tape thickness is more than 0,2 mm.

The total thickness of the inner covering and the additional taped bedding shall be not less -
than these values by more than 0,2 mm + 20 %.

If a separation sheath is required or if the inner covering is extruded and satisfies the
requirements of 12.3.3, the additional taped bedding is not required.
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The tape armour shall be applied helically in two layers so that the outer tape is approximately
central over the gap of the inner tape. The gap between adjacent turns of each tape shall nat
exceed 50 % of the width of the tape.

13 Oversheath

t3.1 General _

All cables shall have an oversheath.

The oversheath is normally black but a colour other than black may be provided by agreement
hetween the manufacturer and the purchaser, subject to its suitability for the particular
eanditions under which the cable is to be used.

3.2 Material T T
]

*‘The oversheath shall consist of a thermoplastic compound (PVC or polyethylene) or an
‘@astomeric compound (polychloroprene, chlorosulfonated polyethylene or similar polymers).

The sheathing material shall be suitable for the operating temperature in accordance with
tanle 4.

;

‘@remical additives may be requested for use in the oversheath for special purposes, for
'mample termite protection, but they should not include materials harmful to mankind and/or
‘mwironment.

NOTE - Examfyles of materials!) considered to be undesirable are:

Algrin 1,2,3,4,10,10-hexachloro~1,4,4a,5,8,8a-hexahydro—1,4.5,8-dime1hanonaphtha|ene

Jdieldrin 1,2_3,4.10,10-hexachloro-6,7—epoxy-1.4,4a,5,6,7,8,8a—octahydro~1,4,5,8—dimethanonapmna!ene

‘ undane Gamma Isomer of 1,2,3,4,5,6-hexachloro-cyclohexane.

113 Thickness

'Wess otherwise specified, the nominal thickness t; expressed in millimetres shall be
‘THculated by the following formula:

t;=0,035D+ 1,0

ST

where D is the fictitious diameter immediately under the sheath, in millimetres (see annex A).

)

<

N

value resulting from the formula shall be rounded off to the nearest 0,1 mm (see annex B).

A7

¥

%Uﬂarmoured cables and cables with the sheath not applied directly over the armour,
%>2ic screen or concentric conductor, the nominal thickness shall be not,less than 1,4 mm
¥ $Mgle-core cables and 1,8 mm for multicore cables.

£ ,Csbles with the sheath applied directly over the armour, metallic screen or concentric
etor, the nominal sheath thickness shall be not less than 1,8 mm.

i Gl Dangerous properties of industrial matenals, N.1. Sax, fifth edition, Van Nostrand Reinhold, ISBN 0-442-27373-8.
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14 Test conditions

[

14.1 Ambient temperature

Unless otherwise specified in the details for the particular test, tests shall be made at an
ambient temperature of (20 + 15) °C.

14.2  Frequency and waveform of power frequency test voltages

The frequency of the alternating test voltages shall be in the range 49 Hz to 61 Hz. The
waveform shall be substantially sinusoidal. The values quoted are r.m.s. values.

14.3 Waveform of impulse test voltages

In_accordance with IEC 60230, the_impulse_wave shall have a virtual front time between 1 us
and 5 ps and a nominal time to half the peak value between 40 pgs and 60 ps, and in other
respects shall be in accordance with IEC 60060-1.

15 Routine tests

15.1 General

Routine tests are normally carried out on each manufactured length of cable (see 3.2.1). The
number of lengths to be tested may however be reduced according to agreed quality control
procedures.

The routine tests required by this standard are:

a) measurement of the electrical resistance of conductors (see 15.2),

b) voltage test (see 15.3).
15.2 Electrical resistance of conductors

Resistance measurements shall be made on all conductors of each cable length submitted to
the routine tests, including the concentric conductor, if any.

The complete cable length, or a sample from it, shall be placed in the test room, which shall be
maintained at a reasonably constant temperature, for at least 12 h before the test. In case of
doubt as to whether the conductor temperature is the same as the room temperature, the
resistance shall be measured after the cable has been in the test room for 24 h. Alternatively,
the resistance can be measured on a sample of conductor conditioned for at least 1 h in a

temperature-controlled liquid bath.

The measured value of resistance shall be corrected to a temperature of 20 °C and 1 km
length in accordance with the formulae and factors given in [EC 60228.

The d.c. resistance of each conductor at 20 °C shall not exceed the appropriate maximum
value specified in IEC 60228. For concentric conductors, the resistance shall comply with

national regulations and/or standards.

15.3 Voltage test

15.3.1 General

The voltage test shall be made at ambient temperature, using either alternating voltage at
power frequency or direct voltage, at the manufacturer's option.
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15.3.2 Test procedure for single-core cables

For single-core screened cables, the test voltage shall be applied for 5 min between the
ccrductor and the metallic screen.

Single-core unscreened cables shall be immersed in water at room temperature for 1 h and the
test voltage then applied for 5 min between the conductor and the water.

NOTE - A spark test is under consideration for single-core cables without any metallic layer.

15.3.3 Test procedure for multicore cables

For multicore cables with individually screened cores, the test voltage shall be applied for 5 min
between each conductor and the metallic layer.

For mumcore'cables—withouh‘ndividuaily-screened"coresﬁhe‘tesfvoﬁa‘g'e“shaf! be~applied for
5 min in succession between each insulated conductor and all the other conductors and

collective metallic layers, if any.

The conductors may be suitably connected for successive applications of the’test voltage to
limit the total testing time, provided that the sequence of connections ensures that the voltage
is applied for at least 5 min without interruption between each conductor and each other
conductor and between each conductor and the metallic layers, if any.

Alternatively, three-core cables may be tested in a single operation by using a three-phase
transformer.

15.3.4 Test voltage

The power frequency test voltage shall be 2,5 Up + 2 kV. Values of single-phase test voltage
for the standard rated voltages are given in table 11.

Table 11 — Routine test voltages

Rated voltage U, kV 0.6 1.8

Test voltage kV 36 875

If, for three-core cables, the voltage test is carried out with a three-phase transformer, the test
voltage between the phases shall be 1,73 times the vaiues given in this table.

When a direct voltage is used, the applied voltage shall be 2,4 times the power frequency test
voltage.

In all cases, the test voltage shali be increased gradually to the specified value.

15.3.5 Requirement

No breakdown of the insulation shall occur.
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16 Sample tests

16.1 General

The sample tests required by this standard are:

a) conductor examination (see 16.4);
b) check of dimensions (see 16.5 to 16.8);
c) hot set test for EPR, HEPR and XLPE insulations and elastomeric sheaths (see 16.9).

16.2 Frequency of sample tests
16.2.1 Conductor examination and check of dimensions

measurement _of the thickness..of insulation and sheath. and
measurement of the overall diameter shall be made on one length from each manufacturing
series of the same type and nominal cross-section of cable, but shall be limited to not more
than 10 % of the number of lengths in any contract.

16.2.2 Physical tests

Physical tests shall be carried out on samples taken from manufactured cables according to
agreed quality control procedures. In the absence of such an agreement, for contracts where
the total length exceeds 2 km for multicore cables or 4 km for single-core cables, tests shall be
made on the basis of table 12. -

Table 12 — Number of samples for sample tests

Cable ength
Multicore cables Single-core cables Number
. } of samples
Above Up to and including Above Up to and including

km km km km
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3

etc. etc. etc.

16.3 Repetition of tests

If any sample fails in any of the tests in clause 16, two further samples shall be taken from the
same batch and submitted to the same test or tests in which the original sample failed. If both
additional samples pass the tests, all the cables in the batch from which they were taken shall
be regarded as complying with the requirements of this standard. If either of the additional
samples fails, the batch from which they were taken shall be regarded as failing to comply.

16.4 Conductor examination

Compliance with the requirements for conductor construction of IEC 60228 shall be checked by
inspection and by measurement when practicable. .
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16.5 Measurement of thickness of insulation and of non-metallic sheaths (including extruded
separation sheath, but excluding inner extruded coverings) <

16.5.1 General

The test method shall be in accordance with clause 8 of IEC 60811-1-1.

Each cable length selected for the test shall be represented by a piece of cable taken from one
end after having discarded, if necessary, any portion which may have suffered damage.

For cables having more than three cores with conductors of equal nominal cross-section, the
number of cores on which the measurement is made shall be limited to either three cores or
10 % of the cores, whichever is larger.

16.5.2 Hequirementsi_fq(the insulation

For each piece of core the average of the measured values, rounded to 0,1 mm in accordance
with annex B, shall be not less than the nominal thickness, and the smallest value shall not fall
below the nominal value by more than 0,1 mm + 10 % of the nominal value, i.e.:

m 2t —(0,1+0,11¢)
where
Im is the minimum thickness, in millimetres:

In is the nominal thickness, in millimetres.
16.5.3 Requirements for non-metallic sheaths
The piece of sheath shall comply with the foltowng:

a) for an oversheath applied on a smooth cylindrical surface (e.g. on an inner covering, a
metal sheath or the insulation), the average of the measured values, rounded to 0,1 mm in
accordance with annex B, shall be not less than the nominal thickness and the smallest
value measured shall not fall below the nominal thickness by more than 0,1 mm + 15 % of
the nominal value, i.e.:

tar X\ Lo a®1 385 1871 )

b) for an oversheath applied on an irregular cylindrical surface (e.g. a penetrating
oversheath on an unarmoured multicore cable without inner covering or an oversheath
applied directly over armour, metallic screen or concentric conductor) and for a separation
sheath, the smallest measured value shall not fall below the nominal thickness by more
than 0,2 mm + 20 % of the nominal value, i.e.:

m21th=(0,2+0.2t)
16.6 Measurement of thickness of lead sheath \

The minimum thickness of the lead sheath shall be determined by one of the following
methods, at the discretion of the manufacturer, and shall not fall below the nominal thickness
by more than 0,1 mm + 5 % of the nominal value, i.e.: . :

fi 2 6 — (0,1 + 0,05 1)
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16.6.1 Strip method

The measurement shall be made with a micrometer with plane faces of 4 mm to 8 mm
diameter and an accuracy of +0,01 mm.

The measurement shall be made on a test piece of sheath about 50 mm in length removed
from the completed cable. The piece shall be slit longitudinally and carefully flattened. After
cleaning the test piece, a sufficient number of measurements shail be made along the
circumference of the sheath and not less than 10 mm away from the edge of the flattened
piece to ensure that the minimum thickness is measured.

16.6.2 Ring method

The measurements shall be made with a micrometer having either one flat nose and one ball
nose, or one flat nose and a flat rectangular nose 0,8 mm wide and 2,4 mm long. The ball nose

—or the flat rectangular nose shall be applied to the inside of the ring. The accuracy of the
micrometer shall be =0,01 mm.

The measurements shall be made on a ring of the sheath carefully cut from the sample. The
thickness shall be determined at a sufficient number of points around the circumference of the
nng to ensure that the minimum thickness is measured.

16.7 Measurement of armour wires and tapes
16.7.1 Measurement on wires

Tne diameter of round wires and the thickness of flat wires shall be measured by means of a
micrometer having two flat noses to an accuracy of =0,01 mm. For round wires, two
Teasureme~'s snall be made at right angles to each other at the same position and the
average 0! (n¢ wo values taken as the diameter.

i€.7.2 Measurement on tapes

Tne measurement shall be made with a micrometer having two flat noses of approximately
S5mm in diameter to an accuracy of £0,01 mm. For tapes up to 40 mm in width the thickness
srzll be measured at the centre of the width. For wider tapes the measurements shall be made
Z mm from each edge of the tape and the average of the results taken as the thickness.

‘6.7.3 Requirements

“ne dimensions of armour wires and tapes shall not fall below the nominal values given in 12.5
¥ more than:

L
- 5% for round wires;

- 8B % for flat wires;

10 % for tapes.
48 Measurement of external diameter

#the measurement of the external diameter of the cable is required as a sample test, it shall
% carried out in accordance with clause 8 of IEC 60811-1-1.

& Hot set test for EPR, HEPR and XLPE insulations and elastomeric sheaths

¢
41 Procedure

.‘“"‘ sampling anc test procedure shall be carried out in accordance with clause 9 of IEC 60811-2-1,
" taying the conaitions given in tables 19 and 20.
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16.9.2 Requirements

The test results shall comply with the requirements given in table 19, for EPR, HEPR and XLPE
insulations and in table 20 for SE¢ sheaths.

17 Type tests, electrical

A sample of completed cable 10 m to 15 m in length shall be subjected to the following tests,
applied successively:
a) insulation resistance measurement at ambient temperature (see 17.1);

b) insulation resistance measurement at maximum conductor temperature
in normal operation (see 17.2);

c) voltage test for 4 h (see 17.3).

Cables of rated voltage 1,8/3 (3,6) kV shall also be'subjected to an impulse test on a separate
sample of completed cable, 10 mto 15 m in length (see 17.4).

The tests shall be limited to not more than three cores.

17.1 Insulation resistance measurement at ambient temperature

17.1.1 Procedure

This test shall be made on the sample length before any other electrical test.

All outer coverings shall be removed and the cores shall be immersed in water at ambient
temperature for ai least 1 h before the test.

The d.c. test voltage shall be 80 V to 500 V and shall be applied for a sufficient time to reach
reasonably steady measurement, but for not less than 1 min and not more than 5 min.

The measurement shall be made between each conductor and the water.
If requested, measurement may be confirmed at a temperature of (20 = 1) °C.

17.1.2 Calculations

The volume resistivity shall be calculated from the measured insulation resistance by the
following formula:

2xnxIxR
p:—————
in 2

where

p is the volume resistivity, in ohms - centimetres;

R is the measured insulation resistance, in ohms;

| is the length of the cable, in centimetres;

D is the outer diameter of the insulation, in millimetres;

d is the inner diameter of the insulation, in millimetres.
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The ‘“insulation resistance constant K" expressed in megohms - kilometres may also be
calculated, using the formula: g

/ -11
K = ol il R x 10 = 1011 x 0,367 x p

1
Ig%

NOTE - For the cores of shaped conductors, the ratio D/d is the ratio of the perimeter over the insulation to the
perimeter over the conductor.

17.1.3 Requirements

The values calculated from the measurements shall be not less than those specified in
table 13. 7 o e

17.2 Insulation resistance measurement at maximum conductor temperature
17.2.1 Procedure

The cores of the cable sample shall be immersed in water at a temperature within =2 °C of the
maximum conductor temperature in normal operation for at ieast 1 h before the test.

The d.c. test voltage shall be 80 V to 500 V and shall be applied for a sufficient time to reach
reasonably steady measurement, but for not less than 1 min and not more than 5 min.

The measurement shall be made between each conductor and the water.

17.2.2 Calculations

The volume resistivity and/or the insulation resistance constant shall be calculated from the
insulation resistance by the formulae given in 17.1.2.

17.2.3 Requirements

The values calculated from the measurements shall be not less than those specified in
table 13.

17.3 Voltage test for 4 h
17.3.1 Procedure

The cores of the cable sample shall be immersed in water at ambient temperature for at least
1 h before the test. :

A power frequency voltage equal to 4 Up shall then be gradually applied and maintained
continuously for 4 h between each conductor and the water.

17.3.2 Requirements

No breakdown of the insulation shall occur.

17.4 Impulse test for cables of rated voltage 1,8/3 (3,6) kV

17.4.1 Procedure

This test shall be performed on the sample at a conductor temperature 5 °C to 10 °C above the
maximum conductor temperature in normal operation.
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The impulse voltage shall be applied according to the procedure given in IEC 60230 and shall
have a peak value of 40 kV. .

For multicore cables in which the cores are not individually screened, each series of impulses
shall be applied in turn between each phase conductor and all the other conductors connected
together and to earth.

17.4.2 Requirements

Each core of the cable shall withstand without failure 10 positive and 10 negative voltage
impulses.

18 Type tests, non-electrical
The non-electrical type tests required by this standard are given in table 14.

18.1 Measurement of thickness of insulation

18.1.1 Sampling

One sample shall be taken from each insulated cable core.

For cables having more than three cores with conductors of equal nominal cross-section, the
number of cores on which the measurement is made shall be limited to either three cores
or 10 % of the cores, whichever is larger.

18 1 2 Procedure

The measurements shall be made as described in 8.1 of [EC 60811-1-1.

18.1.3 Requirements

See 16.5.2.

18.2 Measurement of thickness of non-metallic sheaths (including extruded separation
sheaths, but excluding inner coverings)

18.2.1 Sampling

One sample of cable shall be taken.

18.2.2 Procedure

The measurements shall be made as described in 8.2 of [EC 60811-1-1.

18.2.3 Requirements
See 16.5.3.
18.3 Tests for determining the mechanical properties of insulation before and after ageing

18.3.1 Sampling

Sampling and the preparation of the test pieces shall be carried out as described in 8.1 of
IEC 60811-1-1.
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18.3.2 Ageing treatments

The ageing treatments shall be carried out as described in 8.1 of IEC 60811-1-2 under the
conditions specified in table 15. Tests 2.2 and 2.3 of table 15 are only applicable
to 0,6/1 kV cables having copper conductors. Test 2.3 is only carried out in conjunction with
test 2.1 of table 15 on those cables having copper conductors which cannot be subjected

to test 2.2.

NOTE — Tests 2.2 and 2.3 which should be carried out in the presence of a copper conductor, are
recommended. However, insufficient information has been obtained to date to make these requirements
mandatory, except by agreement between the purchaser and the manufacturer.

18.3.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out as described
in 9.1 of [EC 60811-1-1.

18.3.4 Requirements

The test results for unaged and aged test pieces shall comply with the requirements given in
table 15.

18.4  Tests for determining the mechanical properties of non-metallic sheaths before
and after ageing

18.4.1 Sampling

Sampling and the preparation of the test pieces shall be carried out as described in 9.2 of
IEC 60811-1-1.

18.4.2 Ageing treatments

The ageing treatments shall be carried out as described in 8.1 of IEC 60811-1-2, under the
conditions specified in table 16.

18.4.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out as described
in 9.2 of [EC 60811-1-1.

18.4.4 Requirements

The test results for unaged and aged test pieces shall comply with the requirements given in
table 16.

18.5 Additional ageing test on pieces of completed cables

18.5.1 General

This test is intended to check that the insulation and non-metallic sheaths are not liable to
deteriorate in operation due to contact with other components in the cable.

The test is applicable to cables of all types.

18.5.2 Sampling

Samples shall be taken from the completed cable as described in 8.1.4 of IEC 60811-1-2.
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18.5.3 Ageing treatment

The ageing treatment of the pieces of cable shall be carried out in an air oven, as described
in 8.1.4 of IEC 60811-1-2, under the foliowing conditions:

— temperature: (10 += 2) °C above the maximum conductor temperature of the cable in
normal cperation (see tabie 15);

— duration: 7.x 24 h.
18.5.4 Mechanical tests

Test pieces of insulation and oversheath from the aged pieces of cable shall be prepared and
subjected to mechanical tests as described in 8.1.4 of IEC 60811-1-2.

18.5.5 Requirements

The variations between the median values of tensile strength and elongation-at-break after
ageing and the corresponding values obtained without ageing (see 18.3 and 18.4) shall not
exceed the values applying to the test after ageing in an air oven specified in table 15 for
insulations and table 16 for non-metallic sheaths.

18.6 Loss of mass test on PVC sheaths of type ST,
18.6.1 Procedure

The sampling and test procedure shall be in accordance with 8.2 of IEC 60811-3-2.

18.6.2 Requirements

The test results shall comply with the requirements given in table 17.

18.7 Pressure test at high temperature on insulations and non-metallic sheaths

18.7.1 Procedure

The pressure test at high temperature shall be carried out in accordance with clause 8 of
IEC 60811-3-1, employing the test conditions given in the test method and in tables 17 and 18.

18.7.2 Requirements

The test results shall comply with the requirements given in clause 8 of IEC 60811-3-1.

18.8 Teston PVC insulation and sheaths at low temperatures

18.8.1 Procedure

The sampling and test procedures shall be in accordance with clause 8 of IEC 60811-1-4,
employing the test temperature specified in table 17.

18.8.2 Requirements

The results of the test shall comply with the requirements given in clause 8 of IEC 60811-1-4.
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18.9 Test for resistance of PVC insulation and sheaths to c:facking (heat shock test)

'

18.9.1 Procedure

The sampling and test prccedure shall be in accordance with clause 9 of IEC 60811-3-1, the
test temperature and duration being in accordance with table 17.

18.9.2 Requirements

The results of the tests shall comply with the requirements given in clause 9 of IEC 60811-3-1.

18.10 Ozone resistance test for EPR and HEPR insulations

18.10.1 Procedure

The sampling and test prqcedure shall be carried out in accordance with clause 8 of IEC 60811 2 1.

The ozone concentration and test duration shall be in accordance with table 19.~

18.10.2 Requirements

The results of the test shall comply with the requirements given in clause 8 of IEC 60811-2-1.

18.11 Hot set test for EPR, HEPR and XLPE insulations and elastomeric sheaths

The sampling and test procedure shall be carried out in accordance with 16.9 and shall comply
with its requirements.

18.12 Oil immersion test for elastomeric sheaths

18.12.1 Procedure

The sampling and test procedure shall be carried out in accordance with clause 10 of IEC 60811-2-1
employing the conditions given in table 20.

18 12.2 Requirements

The results of the test shall comply with the requirements given in table 20.

18.13 Water absorption test on insulation

18.13.1 Procedure

The sampling and test procedure shall be carried out in accordance with 9.1 or 9.2 of IEC 60811-1-3
employing the conditions specified in tables 17 or 19 respectively.

18.13.2 Requirements

The results of the test sha!l comply with the requirements specified in tables 17 or 19.

18.14 Flame retardance test

This test is only applicable to cables having sheaths of ST4, ST, or SE; compound and shall be
carried out on such cables only when specially required.

The test method and requirements shall be those specified in I[EC 60332-1.
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18.15 Measurement of vcarbon black content of black PE oversheaths

18.15.1 Frocedure

The sampling and test procedure shall be carried out in accordance with clause 11 of IEC 60811-4-1.

18.15.2 Requirements

The results of the test shall comply with the requirements of table 18.

18.16 Shrinkage test for XLPE insulation
18.16.1 Procedure

The sampling and test procedure shall be carried out in accordance with clause 10 of_IE_Q§0§‘1_1;_1_->3
under the conditions specified in table 19.- Tt T

18.16.2 Requirements

The results of the test shall comply with the requirements of table 19.

18.17 Special bending test

This test shall be made on multicore cables with rated voltage 0,6/1 kV, having a collective
metallic layer in form of metallic tapes applied directly over the assembled cores and omitting
the inner covering.

18.17.1 Procedure

The sample shall be bent around a test cylinder (for example, the hub of a drum) at ambient
temperature for at least one complete turn. The diameter of the cylinder shall be 7 D = 5 %
" where D is the actual external diameter of the cable sample. The cable shall then be unwound
and the process shall be repeated except that the bending of the sample shall be in the reverse
direction.

This cycle of operations shall be carried out three times. Then the sample, left bent around the
cylinder shall be placed in an air oven heated to the maximum conductor temperature in normal
operation of the cable for 24 h.

After the cable has cooled down, the voltage test in accordance with 15.3 shall be carried out
while the cable is still bent.

18.17.2 Requirements

No breakdown shall occur and tHe external sheath shall show no sign of cracking.

18.18 Determination of hardness of HEPR insulation

18.18.1 Procedure

The sampling and test procedure shall be carried out in accordance with annex C.

18.18.2 Reguirements

The results of the test shall comply with the requirements of table 19.
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18.19 . Determination of the elastic modulus of HEPR insulation

18.19.1 Procedure

Sampling, preparation of the test pieces and the test procedure shall be carried out in
accordance with clause 9 of IEC 60811-1-1.

The loads required for 150 % elongation shall be measured. The corresponding stresses shall
be calculated by dividing the loads measured by the cross-sectional areas of the unstretched
test pieces. The ratios of the stresses to strains shall be determined to obtain the elastic
moduli at 150 % elongation.

The elastic modulus shall be the median value.

18.19.2 Requirements__ .. -~

The results of the test shall comply with the requirements of table 19.

18.20 Shrinkage test for PE oversheaths
18.20.1 Procedure

The sampling and test procedure shall be carried out in accordance with clause 11 of IEC 60811-1-3
under the conditions specified in table 18.

18.20.2 Requirements

The results of the test shall comply with the requirements of table 18.

19 Electrical tests after installation

Tests after installation are made, if required, when the installation of the cable and its
accessories has been completed.

A d.c. voltage equal to 4 Ug shall be applied for 15 min.

As an alternative, and by agreement between the contractor and purchaser, an a.c. voltage test
at power frequency, in accordance with items a) or b) below, can be used:

a) test for 5 min with the phase-to-phase voltage of the system applied between the
conductor and the metallic screen;

b) ‘test for 24 h with the normal operating voltage of the system.

NOTE - Electrical tests on repaired installations are subject to installation requirements. The tests above are
for new installations only.
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Table 13 — Electrical type test requirements for insulating compounds

0 1 2 3 4 5
Designation of compounds EPR/
(see 4.2) PVC/A | nepmr | XLPE
Maximum conductor temperature in normal operation o
(voir 4.3) Cc 70 90 90
1 Volume resistivity p
1a — at 20 °C (see 17.1) Q-cm 1013 - -
1b - at maximum conductor temperature in normal operation | o . cm 1010 1012 1012
(see 17.2)
2 insulation resistance constant K,
T|2a | =Tarz20~C(see 17.1) T T T I MQ - km 36,7 _ -
2b ~ at maximum conductor temperature in normal operation | pMQ . km 0,037 3,67 3,67
(see 17.2)
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Table 14 — Non-electrical type tests for insulating and sheathing compounds
(see tables 15 to 20)

=63 =

0 1 2 3 4 5 6 7 8 9 10
Insulations Sheaths
Designation of compounds
(see 4.2 and 4.3) PVC/A | EPR | HEPR | XLPE PVvC PE
ST, | ST, | ST, | ST, | SE,
1 Dimensions
1a | Measurements of thickness X X X X X X X X X
2 Mecanical properties
__ | (tensile strength and-elongation-at--
break)
2a | Without ageing X X X X x X X X X
2b | After ageing in air oven X X X X X X X X
2c | After ageing of pieces of complete X b3 X X b3 X
cable

2d | After immersion in hot oil - < - — - = = = x
3 Thermoplastic properties
3a | Hot pressure test (indentation) = = T x X - X -
3b | Behaviour at low temperature - - - X X - - —
4 Miscellaneous
4a | Loss of mass in air oven - - X 2C 3 X - = -
4b | Heat shock test (cracking) x - x x = = =
4c | Ozone resistance test - x x = 2 2 - - _
4d | Hot set test £ X X X - - - - X
4e | Flame retardance test (if required) A i = — X X - - X
4f Water absorption b4 X X X o = - - _
4g | Shrinkage test - - - ¢ = a X X —
4h | Carbon black content” - - - L - - X X -
4i Determination of hardness - - = - 4 = - _
4 Determination of elastic modulus — - - -2 y - - —

NOTE - x indicates that the type test is to be applied.

* For black oversheaths only.
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Table 15 — Test requirements for mechanical characteristics
of insulating compounds (before and after ageing)

0 1 2 3 4 5 6 7 8 9
PVC/A EPR HEPR XLPE
Designation of compounds 0.6/1 kV 0.6/1 kV 0.6/1 kV
' (see 4.2) cables All cables Al cables All
with other with other with other
copper | cables | copper | cables | copper | cables
con- con- con-
ductors ductors ductors
imum r rature
?r/:anxorr‘:\Jal gggfah{ﬁ;g (tsir:efz?w e 70 90 90 90 90 90 80
17 77 1 Without ageing
(IEC 60811-1-1, subclause 9.1)
1.1 Tensile strength, minimum N/mm?2 12.6 42 4.2 8,5 8,5 12,5 12,5
1.2 Elongation-at-break, minimum % 150 200 200 200 200 200 200
2 After ageing in air oven
(IEC 60811-1-2, subclause 8.1)
2:1 After ageing without conductor
2.1.1 | Treatment:
— temperature g 100 135 135 185 135 135 135
— tolerance { +2 3 +3 +3 +3 +3 +3
— duration d 7 7 y/ 7 7 7 7
2.1.2 | Tensile strength
a) value after ageing, minimum N/mm2 | 12,5 - - - - - -
b) vanaton® max ~T.~ %o +25 =30 =30 +30 =30 =25 #25
2 * 3 | Elongation at - break
a) value after ageing, mmnimum %o 150 - - - - - -
b) vanaton’, maximum Yo +25 +30 +30 +30 =30 +25 +25
2.2 After ageing with copper conductor -
followed by tensile test™”
2.2.1 | Treatment:
— temperature °C — 150 4 150 - 150 -
— tolerance 26 > +3 2t +3 - =3 -
— duration d — 7 - 7 - 7 -
2.2.2 | Tensile strength:
variation®, maximum %o ~ =30 2 +30 = =30 .
2.2.3 | Elongation-at-break:
variation®, maximum % = +30 - +30 - +30 -
2.3 After ageing with copper conductor
followed by bending test (only if 2.2
is not practicable)™”
2.3.1 | Treatment:
— temperature °C == 150 - 150 - 150 -
— tolerance °C - +3 = +3 - =3 -
- duration d - 10 - 10 - 10 =
2.3.2 | Results to be obtained - No - No - No —
cracks cracks cracks l

* Variation: difference between the median value obtained after ageing and the median value obtained without
ageing expressed as a percentage of the latter.

** See 18.3.2.
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sheathing compounds (before and after ageing)

0 1 2 3 4 5 6 7
Designation of compounds
(see 4.3) ST, ST, STy ST, SE,
Maximum conductor temperature in normal 5
operation (see 4.3) c 80 90 80 90 85
1 Without ageing
(IEC 60811-1-1, subclause 9.2)
1.1 Tensile strength, minimum N/mm?2 12,5 12,5 10,0 2.5 10,0
1.2 Elongation-at-break, minimum %o 150 150 300 300 300
2 _ .| After-ageing+n-airoven -
(IEC 60811-1-2, subclause 8.1)
2.1 Treatment:
— temperature (tolerance =2 °C) °C 100 100 100 110 100
— duration d 7 7{ 10 14 7
2.2 Tensile strength:
a) value after ageing, minimum N/mm2 | 12,5 1245 - - -
b) variation®, maximum % +25 +25 - - =30
2.3 Elongation-at-break:
a) value after ageing, minimum Yo 150 150 300 300 250
% 125 +25 - - +40

b) variation®, maximum

-« variation: difference between the median value obtained after ageing and the median value obtained
without ageing expressed as a percentage of the latter.
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Table 17 — Test requirements for particular characteristics for PVC insulating

a 1 2 3 4 5
Designation of compound
. (see 4.2 and 4.3) PUCTA ST, STz
' Use of the PVC compound Insulation Sheath
1 i Loss of mass in air oven
: (IEC 60811-3-2, subclause 8.2)
1.1 ’ZTreatment:
— temperature (tolerance +2 °C) °C - - 100
{ — duration ’ d = - 7
1.2 Maximum loss of mass mg/cm? 4 - e 1.5
2 Pressure test at high temperature
(IEC 60811-3-1, clause 8)
2.1 Temperature (tolerance 22 °C) o 80 80 90
3 Behaviour at low temperature®
(IEC 60811-1-4, clause 8)
3:1 Test to be carried out without previous ageing:
— cold bending test for diameter <12,5 mm
— temperature (tolerance 2 °C) S -15 -15 -15
3.2 Cold elongation test on dumb-bells:
— temperature (tolerance 2 °C) C -15 -15 -15
3.3 Cold impact test:
- temperature (tolerance =2 °C) %€ = -15 -15
4 Heat shock test
({EC 60811-3-% cause 9)
4.1 Temperature (lolerance =3 °C) € 150 150 150
4.2 Duration h 1 1 1
5 Water absorption
(IEC 60811-1-3, subclause 8.1)
Electrical method:
5.4 Temperature (tolerance =2 °C) 2C 70 - -
5.2 Duration d 10 - -
* Due to climatic conditions national standards may require the use of a lower temperature
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Table 18 — Test requirements for particular characteristics of PE
(thermoplastic polyethylene) sheathing compounds

0 1 2 3 4

Designation of compounds (see 4.3) ST, ST,

1 | Density’
(IEC 60811-1-3, clause 8)

2 Carbon black content
(for black oversheaths only)
(IEC 60811-4-1, clause 11)

2.1 Nominal value %o 2,5 2,5

2.2 Tolerance ) %o +0,5 +0,5

3 Shrinkage test o . e § DR
(IEC 60811-1-3, clause 11)

3.1 Temperature (tolerance 2 °C) °C 80 80

3.2 Heating, duration h 5 5

a3 Heating cycles 5 5

3.4 Maximum shrinkage % 3 3

4 Pressure test at high temperature

(IEC 60811-3-1, subclause 8.2)

4.1 Temperature (lolerance 2 °C) °C - 115

- The measurement of density is only required for the purpose of other tests.
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Table 19 - Test requirements for particular characteristics of
various thermosetting insulating compounds

0 1 2 3 4 5
Designation of compounds EPR HEPR XLPE
(see 4.2)
1 Ozone resistance
(IEC 60811-2-1, clause 8)
1.1 Ozone concentration (by volume) %o 0,025 0.025
to to "
0,030 0,030
1.2 Test duration without cracks h 24 24 -
2 Hot set test .
(IEC 60811-2-1, clause. 9) V. SR, EI————————
2.1 Treatment:
— air temperature (tolerance =3 °C) °C 250 250 200
— time under load min 15 15 15
— mechanical stress N/cm? 20 20 20
2.2 Maximum elongation under load %o 175 175 175
2.3 Maximum permanent elongation after cooling % 15 15 15
3 Water absorption
(IEC 60811-1-3, subclause 9.2)
Gravimetric method:
3.1 Temperature (tolerance £2 °C) °C 85 85 85
3.2 Duration d 14 14 14
3.3 Maximum increase of mass mg/cm?2 5 5 1°
4 Shrinkage test
(IEC 60811-1-3, clause 10)
4.1 Distance L between marks mm = - 200
4.2 Temperature (tolerance £3 °C) °%c - - 130
4.3 Duration h - - 1
4.4 Maximum shrinkage % - - 4
5 Determination of hardness
(see annex C)
5.1 IRHD**, minimum - 80 _
6 Determination of elastic modulus
(see 18.19)
6.1 Modulus at 150 % elongation, minimum N/mm?2 - 45 -
+ Anincrease greater than 1 mg/cm? is being considered for densities of XLPE greater than 1 g/cm?.
** |RHD: international rubber hardness degree.
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Table 20 — Test requirements for particular characteristics of
elastomeric sheathing compound

0 1 2 3
Designation of compound SE,
(see 4.3)
1 Oil immersion test followed by a determination of the
mechanical properties
(IEC 60811-2-1, clause 10 and IEC 60811-1-1, clause 9)
1.1 Treatment:
— oil temperature (tolerance *2 °C) °C 100
— duration h 24
1.2 Maximum variation® of::
a) tensile strength % +40
b) elongation-at-break : T "% +40
2 Hot set test
(IEC 60811-2-1, clause 9)
2.1 Treatment:
— temperature (tolerance 3 °C)) °(_3 200
— time under load min 15
- mechanical stress N/cm? 20
2.2 Maximum elongation under load %o 175
2.8 Maximum permanent elongation after cooling % 15
- Variation: difference between the median value obtained after treatment and the median value
without treatment, expressed as a percentage of the latter.
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Annex A
(normative)

Fictitious calculation method for determination of dimensions of
protective coverings

The thickness of cable coverings, such as sheaths and armour, has usually been related to
nominal cable diameters by means of “step-tables"”.

This sometimes causes problems. The calculated nominal diameters are not necessarily the
same as the actual values achieved in production. In borderline cases, queries can arise if the
thickness of a covering does not correspond to the actual diameter because the calculated
diameter is slightly different. Variations .in-—shaped -conductor dimensions between
manufacturers and different methods of calculation cause differences in nominal diameters and
may therefore lead to variations in the thicknesses of coverings used on the same basic design

of cable.

To avoid these difficulties, the fictitious calculation method shall be used. The idea is to ignore
the shape and degree of compaction of conductors and to calculate fictitious diameters from
formulae based on the cross-sectional area of conductors, nominal insulation thickness and
number of cores. Thicknesses of sheath and other coverings are then related to the fictitious
diameters by formulae or by tables. The method of calculating fictitious diameters is precisely
specified and there is no ambiguity about the thicknesses of coverings to be used, which are
independent of slight differences in manufacturing practices. This standardizes cable designs,
thicknesses being pre-calculated and specified for each conductor cross-section.

The ficutious calculation i1s used only to determine dimensions of sheaths and cable coverings.

It 1s not a replacement for the calculation of actual diameters required for practical purposes,
which should be calculated separately.

A.1 General

The following fictitious method of calculating thicknesses of various coverings in a cable has
been adopted to ensure that any differences which can arise in independent calculations, for
example due to the assumption of conductor dimensions and the unavoidable differences
between nominal and actually achieved diameters, are eliminated.

All thickness values and diameters shall be rounded according to the rules in annex B to the
first decimal figure.

Holding strips, for example counter helix over armour, if not thicker than 0,3 mm, are neglected
in this calculation method.

A.2 Method

A.2.1 Conductors

The fictitious diameter (d,) of a conductor, irrespective of shape and compactness, is given for
each nominal cross-section in table A.1.
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Table A.1 - Fictitious diameter of conductor

Nominal cross-section d Nominal cross-section d
of conductor L of conductor L
mm?2 mm mm?2 mm
1,5 1,4 95 11,0
- 2,5 1,8 120 12,4
4 2,3 150 13,8
6 2.8 185 15,3
10 3,6 240 17,5
16 4,5 300 19,5
25 5,6 400 22,6
35 6,7 500 25,2
50 8,0 630 28,3
70 9.4 800 319 =
.1000--- —————3857 | -

A2.2 Cores
The fictitious diameter D, of any core is given by:
De =d +2 ¢
where t is the nominal thickness of insulation, in millimetres (see tables 5 to 7).

(f a metallic screen or a concentric conductor is applied, a further addition shall be made in
accordance with A.2.5.

A.2.3 Diameter over laid-up cores

The fictitious diameter over laid-up cores (Dy) is given by:

a) for cables having all conductors of the same nominal cross-sactional area:
Dy = kD¢

where the assembly coefficient k is as given in table A.2.

b) for four-core cables with one conductor with reduced cross-section:
2,42 (3 Der* DEG)
4

Dy =

where:

Dg; is the fictitious diameter of the insulated phase conductor, including metallic layer, if
any, in miilimetres; _

Dgp is the fictitious diameter of the conductor with reduced cross-section
including the insulation or covering, if any, in millimetres.
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Table A.2 - Assembly coefficient k for laid-dp cores

Number Assembly Number Assembly
of cores coefficient of cores coefficient
k k
2 2,00 24 6,00
3 2,16 25 6,00
- 4 2,42 26 6,00
5 2,70 27 6,15
6 3,00 28 6,41
7 3,00 29 6,41
7° 3,35 30 6,41
8 3.45 31 6,70
8" 3,66 32 6,70
9 3.80 33 6,70
9* ~4,00 ’ 34 7,00
10 4,00 .3  }—F00— T
10~ - - ST4400 T 36 7,00
11 4,00 37 7.00
12 4,16 38 7,33
i2° 5,00 89 7,33
13 4,41 40 7.33
14 4,41 41 7,67
15 4,70 42 7,67
16 4,70 43 7,67
i/ 5.00 44 8,00
18 5,00 45 8,00
18° 7,00 46 8,00
19 5,00 47 8,00
20 5733 48 8,15
21 533 52 8,41
22 S»6% 61 9,00
23 6167
* Cores assembled in one layer.

A.2.4 Inner coverings

The fictitious diameter over the inner covering (Dg) is given by:
Dg =D+ 2 Ig

where

ls 0,4 mm for fictitious diameters over laid-up cores (D) up to and including 40 mm;

tg = 0,6 mm for Dy exceeding 40 mm.
These fictitious values for tg apply to:

a) multicore cables:
— whether an inner covering is applied or not;
— whether the inner covering is extruded or lapped;
unless a separation sheath complying with 12.3.3 is used in place of or in addition to the
inner covering, when A.2.7 applies instead;
b) single-core cables:
when an inner covering is applied whether it is extruded or lapped.
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A.2.5 Concentric conductors and metallic screens

The increase in diameter due to the concentric conductor or metallic screen is given in
table A.3.

Table A.3 — Increase of diameter for cancentric conductors and metallic screens

Nominal cross-section Nominal cross-section
of concentric Increase of concentric Increase
conductor or in diameter conductor or in diameter
metallic screen metallic screen
mm?2 mm mm?2 mm
1.5 0,5 50 1,7
2,5 0,5 70 _ 2.0
- 4 i (Rt | R 95 2.4
6 0.6 120 2.7
10 0,8 150 3,0
16 Tl 185 4,0
25 152 240 5,0
35 1.4 300 6,0

If the cross-section of the concentric conductor or metallic screen lies between two of the
values given in the table above, then the increase in diameter is that given for the larger of the
two cross-sections.

If a metallic screen is applied, the cross-sectional area of the screen to be used in the table
above shall be calculated in the following manner:
a) tape screen:
cross-sectional area = ng X { X wy
where
n, is the number of tapes;
t, is the nominal thickness of an individual tape, in millimetres;

w; is the nominal width of an individual tape, in millimetres.

Where the total thickness of the screen is less than 0,15 mm then the increase in diameter
shall be zero:

— for a lapped tape screen made of either two tapes or one tape with overlap, the total
thickness is twice the thickness of one tape;

— for a longitudinally applied tape screen:
« if the overlap is below 30 %, the total thickness is the thickness of the tape;

- if the overlap is greater than or equal to 30 %, the total thickness is twice the
thickness of the tape. ’ '
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b) wir«:e screen (with a counter helix, if any):

' ) N, X d? xmn
cross-sectionalarea = ——————— + n, X t, X wy
4

where

ny is the number of wires;

dw isthe diameter of an individual wire, in millimetres;

nn is the number of counter helix;

Inh is the thickness of counter hzlix, in millimetres, if greater than 0,3 mm;

wh is the width of counter helix, in millimetres.

A.2.6 Lead sheath

The fictitious diameter over the lead sheath (Dpy) is given by:
pr = Dg + 2 tpb
where

Dg is the fictitious diameter under the lead sheath, in millimetres:

tob is the thickness calculated in accordance with clause 11, in millimetres.

A.2.7 Separation sheath

The fictitious diameter over the separation sheath (D) is given by:
Ds=D,+ 2

where
D, is the fictitious diameter under the separation sheath, in millimetres;

ts is the thickness calculated in accordance with 12.3.3, in millimetres.

A.2.8 Lapped bedding
The fictitious diameter over the lapped bedding (D) is given by:

Dip = Dyp + 2 ip

where
Dyp is the fictitious diameter under the lapped bedding, in millimetres;
fip is the thickness of lapped bedding, i.e. 1,5 mm according to 12.3.4.

A.2.8 Additional bedding for tape-armoured cables (provided over the inner covering)

Table A.4 - Increase of diameter for additional bedding

Fictitious diameter under Increase in
the additional bedding diameter
for additional
Above Up to and including bedding
mm mm mm
- 29 1,0
29 = 1,6
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A.2.10 Armour

[

The fictitious diameter over the armour (Dy) is given for:

a) flat or round wire armour by:
Dy=Dpa+21ts+21ty
where , 8
Dp is the diameter under the armour, in millimetres;
ta is the thickness or diameter of the armour wire, in millimetres;

tw is the thickness of the counter helix, if any, in millimetres, if greater than 0,3 mm.

b) double tape armourby:————
Dy = Dp+ 4 ta
where
Dp is the diameter under the armour, in millimetres;

ta is the thickness of the armour tape, in millimetres.



¥
{

<
)

*

60502-1 © IEC:1997 -89 —
1

« '

Annex B
' (normative)

Rounding of numbers

B.1 Rounding of numbers for the purpose of the fictitious calculation method

The following rules apply when rounding numbers in calculating fictitious diameters and
determining dimensions of component layers in accordance with annex A.

When the calculated value at any stage has more than one decimal place, the value shall be
rounded to one decimal place, i.e. to the nearest 0,1 mm. The fictitious diameter at each stage
shall be rounded to 0,4 mm and, when used to determine the thickness or dimension of an
overlying layer, it shall be rounded before being used in the -appropriate formula or table. The

" thickness calculated from the rounded value of the fictitious diameter shall in turn be rounded

to 0,1 mm as required in annex A.

To illustrate these rules, the following practical examples are given:

a) when the figure in the second decimal place before rounding is 0, 1, 2, 3 or 4, then the
figure retained in the first decimal place remains unchanged (rounding down).

Examples:
2,12 2,1
2,449 2,4
25,0478 = 250

b) when the figure in the second decimal place before rounding 1s 9. 8. 7. 6 or 5, then the
figure in the first decimal place is increased by one (rounding up)

0

I

Examples:
2,17 ENYN22
2RAGRICArIE AN,
30,050 = 30,1

B.2 Rounding of numbers for other purposes

For purposes other than those considered under B.1, it may be required that values are
rounded to more than one decimal place. This may occur, for instance, in calculating the
average value of several measurement results, or the minimum value by applying a percentage
tolerance to a given nominal value. In these cases, rounding shall be carried out to the number

of decimal places specified in the relevant clauses.

The method of rounding shall then be:

a) if the last figure to be retained is followed, before rounding, by 0, 1, 2, 3 or 4, it shall
remain unchanged (rounding down); ' .

b) if the last figure to be retained is followed, before rounding, by 9, 8, 7, 6 or 5, it shall be
increased by one (rounding up).

Examples:
2,449 2,45 rounded to two decimal places

2,449 2,4 rounded to one decimal place
25,0478 25,048 rounded to three decimal places
25,0478 25,05 rounded to two decimal places
25,0478 25,0 rounded to one decimal place

H

i

il

il

il
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Annex C
(normative)

Determination of hardness of HEPR insulations

C.1 Test piece

The test piece shall be a sample of completed cable with all the coverings, external to the
HEPR insulation to be measured, carefully removed. Alternatively, a sample of insulated core
may be used.

C.2 Test procedure
- Tests-shall be-made-inaccordance with 1SO 48 with exceptions as ihdicé-t'édrli)élow.
C.2.1  Surfaces of large radius of curvature

The test instrument, in accordance with ISO 48, shall be constructed so as to rest firmly on the
HEPR insulation and permit the presser foot and indentor to make vertical contact with this
surface. This is done in one of the following ways:

a) the instrument is fitted with feet moveable in universal joints so that they adjust
themselves to the curved surface;

b) the base of the instrument is fitted with two parallel rods A and A' at a distance apart
depending on the curvature of the surface (see figure C.1).

These methods may be used on surfaces with radius of curvature down to 20 mm.

When the thickness of HEPR insulation tested is less than 4 mm, an instrument as described in
the method in ISO 48 for thin and small test pieces shall be used.

C.2.2 Surfaces cf small radius of curvature

On surfaces with too small a radius of curvature for the procedures described in C.2.1, the test
piece shall be supported on the same rigid base as the test instrument, in such a way as to
minimize bodily movement of the HEPR insulation when the indenting force increment is
applied to the indentor and so that the indentor is vertically above the axis of the test piece.
Suitable procedures are as follows:

a) by resting the test piece in a grove or trough in a metal jig (see figure C.2a);
b) by resting the ends of the conductor of the test piece in V-blocks (see figure C.2b).

The smallest radius of curvature of the surface to be measured by these methods shall be at
least 4 mm.

For smaller radii, an instrument as described in the method in ISO 48 for thin and small test
pieces shall be used.
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C.2.3 Conditioning and test temperature

The minimum time between manufacture i_e. vulcanization and testing shall be 16 h.

The test shall be carried out at a temperature of (20 * 2) °C and the test pieces shall be
maintained at this temperature for at least 3 h immediately before testing. ;

C.2.4 Number of measurements

One measurement shall be made at each of three or five different points distributed around the
test piece. The median of the results shall be taken as the hardness of the test piece,
expressed to the nearest whole number in international rubber hardness degrees (IRHD).

& =,
[
R~ T TRIRT
[ ] [ ]
A A‘ EC 25573

Figure C.1 —Teston surfaces of large radius of curvature

’.///./
scailll |3 | |
TR A A AT TS L s TS S S

IEC 25687 IEC 2577
Figure C.2a Figure C.2b

Figure C.2 — Test on surfaces of small radius of curvature
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Source code T1lsunsuniuVisual basic vaelilsunsuniuguniiody

ey main_menu
Private Sub to_test_Click()
Unload main_menu End Sub
test_initial_form.Show
End Sub End
Private Sub to_look_Click() End Sub

Unload main_menu

Wesu test_initial_form

Private Sub command_test_Click()
"** Save standard table to some filename ***
If text_filename.Text = ™ Then

destinate1 = "c:\my
documents\ping\database\test_date_1-7.mdb"

destinate2 = "c:\my
documents\ping\database\test_date_8-15.mdb"
Else

destinate1 = Dir1.Path & "\" & text_filename.Text
& "_date_1-7.mdb"

destinate2 = Dir1.Path & "\" & text_filename.Text
& "_date_8-15.mdb"
End If
"*** Protect file copy error ***
destinate = "c:\my
documents\ping\database\ping1.mdb"
dat = "date 8"
makedata
editdata
"+ Start to copy ***
locate = "c:\my
documents\ping\database\ping.mdb"
destinate = destinate1

FileCopy locate, destinate

Private Sub to_quit_Click()

look_initial_form.Show day =1

Load test_initial_form
Load look_initial_form

End Sub

Private Sub Form_Load()

"** Protect again ***

dat ="date 1"

makedata

editdata

*** Start to copy ***

locate = "c:\my
documents\ping\database\ping 1.mdb"
destinate = destinate2

FileCopy locate, destinate

»** Store initial condition to public variable ***
comport = Val(text_comport.Text)

nam = text_name.Text

sur = text_surname.Text

insu = text_insulator.Text

temp = Val(text_temperature.Text)

temp_sib = Left(text_temperature.Text, 1)

temp_nuay = Right(text_temperature.Text, 1)

noi = (((90 - temp) * (135 - 106)) / (90 - 50)) + 106
mark = (((90 - temp) * (150 - 122)) / (90 - 50)) +
122

noi_noi = (((90 - temp) * (110 - 84)) / (90 - 50)) +
84



clea = Val(text_clearance.Text)

dur = Val(text_duration.Text)

makedata

fieldinitial

destinate = destinate2

dat = "date 8"

makedata

fieldinitial

“** Connect to temperature and voltage table ***
link_t_v

*** Set day now for use in test_form ***
day_now =1

*** Set initial of serial port connection ***
MSComm1.Settings = "9600,N,8,1"
MSComm1.CommPort = comport
MSComm1.InputLen = 1
MSComm1.PortOpen = True
MSComm1.RThreshold = 1

o i test_form
Dim x_new, y_new, x_old, y_old As Single
Dim laeead, rim_right, rim_left, rad As Single
Dim x, xo, y As Single
Dim slide_sen, chung As Single
Dim real_temp, real_time, real_time_sec,
real_time_min As Single
Dim y_laeead, x_laeead, start, k As Integer
Dim hex_value As Single

Dim nub, vain, io, vtc As Single

Private Sub Text1_KeyPress(KeyAscii As Integer)
MSComm1.0utput = Chr$(KeyAscii)
End Sub

Private Sub mscomm1_oncomm()

"***Store initial condition to file ***
destinate = destinate1

dat = "date 1"

"*** Send bit start to microprocessor ***
Unload test_initial_form

Load test_form

test_form.Show

End Sub

Private Sub command_back_Click()
"*** Go to main menu ***

Unload test_initial_form

Unload main_menu

Load main_menu
main_menu.Show

End Sub

Private Sub Drive1_Change()
Dirt.Path = Drive1.Drive

End Sub

‘Text1.Text = Text1.Text & MSComm1.Input

nub =nub + 1
‘If nub = 3 Then
'hex_value = Val(Text1.Text)
‘hex_value_before = hex_value
‘If jum_nun < 20 Then
Text1.Text = MSComm1.Input
If Text1.Text <> ™ Then
If Asc(Text1.Text) <> 254 Then '%%%
'If Text1.Text <> " Then
hex_value = (Asc(Text1.Text) + 50)

vain = (hex_value / 256) * 2.2
io=(vain/119.4) * 1000 'mA



vic = (i0-4)/(0.016 + (40/ 12.1)) 'mV
v_ruam = v_ruam + vain

jum_nun = jum_nun + 1

rs_t_v.MovelLast

If vtc > 0.05 Then

Do
rs_t_v.MovePrevious

Loop Until rs_t_v.Fields("voltage") <= vic
tbase = rs_t_v.Fields("temperature")
vbase = rs_t_v.Fields("voltage")
rs_t_v.MoveNext
vnext = rs_t_v.Fields("voltage")
tadd = ((vtc - vbase) / (vnext - vbase))
temperature = tbase + tadd
temp_ruam = temp_ruam + temperature
Textd.Text = Format(temperature, "#i# ##")

‘End If
End if
Text1.Text="

Else  '%%%
Unload test_form  '%%%
‘test_form.Hide  '%%%
Load out_of_water_form ‘%%%
out_of_water_form.Show '%%%
End If '%%%
End If
nub =0
'End If
End Sub
Private Sub Timer1_Timer()

Text2.Text = Str(noi) & "" & Str(mark)

"** Protect over flow ***

If HScroll1.Max <= 32767 - laeead Then
HScroll1.Min = -32767
"*** For average temperature ***
If jum_nun <> 0 Then
temperature = (temp_ruam / jum_nun)
End If
*** For draw graph ***
x_old = x_new
y_old =y_new
X_new = x_new + laeead

y_new = (39767 - (temperature * 50))

Picture2.Line (x_old, y_old)-(x_new, y_new)

'Picture2.Circle (a, b), rad

real_temp = temperature

text_temperature_now.Text = "Temperature at
this time is " & Format(temperature, "###.##") &"
degree of celcious"

real_time = (((x_new - 32767) - rim_left) * 1) /
0.8

real_time_sec = (real_time Mod 3600) Mod 60

real_time_min = (real_time Mod 3600) \ 60

real_time_hour = (real_time \ 3600)
"t real_time \ 10)

text_duration_now.Text = "This duration is * &
Str(day_now - 1) & " day " & Str(real_time_hour) & "
hour : " & Str(real_time_min) & " min : " &
Str(real_time_sec) & "sec "

"** For check hour and edit value to file ***

‘really is save until dur

If real_time_sec Mod 5 = 0 Then



If (real_time_sec = 0) And (real_time_min = 0)
Then
real_time_hour = (real_time_hour - 1)
End If
"*** For set hour ***
select_hour
rsdate_edit.Edit
rsdate_edit.Fields(real_hour) = real_temp
rsdate_edit.Update
rsdate_edit.MoveNext
If rsdate_edit.EOF = True Then
rsdate_edit.MoveFirst
End If
End If
‘End If
“** For check duration and add day ***

If real_time_hour = 24 And real_time_sec > 0 Then

T

Timer1.Enabled = False
Unload test_form
If day_now = dur Then
Load waming_form
warning_form.Show
End If
day_now = day_now + 1
If day_now <= 16 Then
Unload look_form
look_form.Hide
Load test_form
test_form.Show
Else
MsgBox "You are going to test for too much
duration ", vbinformation + vbOKOnly, "Warning"
MSComm1.Qutput = Chr$(Asc('r"))
End If

End If
*** Add line follow picture2.width ***
If (x_new - 32767) > (Picture2.Width - rim_right)
Then
Line2.X2 = (x_new + rim_right)
Fori% =0 To 26
Line3(i%).X2 = (x_new + rim_right)
Next i%
Picture2.Width = x_new - 32767 + rim_right
End If
If Picture2.Width > Picture1.Width Then
HScroll1.Enabled = True
If start <3 Then
start = start + 1
End If
HScroll1.Max = Picture2.Width - Picture1.Width
- 32767
Else
HScroll1.Enabled = False
End If
HScroll1.Refresh
*** Give Hscroll1.value follow draging mouse ***
If (HScroll1.Value = HScroll 1.Max - laegead) Or
(start = 1) Then "****new*****
HScroll1.Value = HScroll1.Max
Else
If HScroll1.Enabled = True Then
HScroll1.Value = -Picture2.Left

End If

End If

End If
v_ruam =0
jum_nun =0

temp_ruam =0

End Sub



Private Sub Form_Load()
"** |nitial temperature reader ***
Text1.Text=""
nub =0
v_ruam =0
jum_nun =0
temp_ruam =0
“*** Set initial of serial port connection ***
MSComm1.Settings = "9600,N,8,1"
MSComm1.CommPort = comport
MSComm1.InputLen = 1
MSComm1.PortOpen = True
MSComm1.RThreshold = 1
Timer2.Enabled = True
"*** Set destinate and date to editdata ***
select_day_now
editdata
rsdate_edit.MoveFirst
*** Set command previous and next ***
command_next.Enabled = False
If day_now = 1 Then
command_previous.Enabled = False
Else
command_previous.Enabled = True

End If

"*** Set initial condition of drawing graph ***

x_new = 33767
y_new = (39767 - (temperature * 50))
laeead = 0.8

Am_right = 1500

rim_left = 1000
rad =20
chung =30

x = (0.8 * 60 * 30)
x0 = 33767 + (0.8 * 60 * 30)

“*** Draw line and text for show value in y axis ***

text_temp_value(26).Visible = False

distance_of_text% = 450

temp_value% = 130

distance_of_line% = 500

Fory_axis% =0 To 26
Line3(y_axis%).X1 = 1000
Line3(y_axis%).X2 = 12000 "*****
Line3(y_axis%).BorderColor = &HFF&
Line3(y_axis%).Y1 = distance_of_line%
Line3(y_axis%).Y2 = distance_of_line%
distance_of_line% = distance_of_line% + 250
text_temp_value(y_axis%).BackColor =

&HCOCOFF
text_temp_value(y_axis%).Alignment = 2
text_temp_value(y_axis%).BorderStyle =0
text_temp_value(y_axis%).Height = 100
text_temp_value(y_axis%).Width = 400
text_temp_value(y_axis%).Left = 300
text_temp_value(y_axis%).Top =

distance_of_text%
distance_of_text% = distance_of_text% + 250
text_temp_value(y_axis%).Text = temp_value%
temp_value% = temp_value% - 5

Next y_axis%

“*** Did not display laeead and different of line ***

Form% = 1To 25 Step 2
text_temp_value(m%).Visible = False
Line3(m%).BorderStyle = 5
Line3(m%).Visible = False
Line3(m%).BorderWidth = 1
Line3(m% - 1).Borderwidth = 1
Line3(m% - 1).BorderStyle = 1

Next m%

"*** Draw text for show value in x axis ***



For x_axis% =0 To 51
text_time_value(x_axis%).BackColor =

&HCOCOFF
text_time_value(x_axis%).Alignment = 2
text_time_value(x_axis%).BorderStyle = 0
text_time_value(x_axis%).Height = 100
text_time_value(x_axis%).Width = 1200
text_time_value(x_axis%).Top = 7200
“*** Did not display zero ***

If Str(((x_axis% + 1) * 30)\ 60) <> 0 Then ‘hour
If Str(((x_axis% + 1) * 30) Mod 60) <> 0 Then
" minute
text_time_value(x_axis%).Text =
Str(((x_axis% + 1) *30)\ 60) & " hour" &
Str(((x_axis% + 1) * 30) Mod 60) & " min"
Else
text_time_value(x_axis%).Text =
Str(((x_axis% + 1) * 30) \ 60) & " hour*
End If
Else
text_time_value(x_axis%).Text =
Str(((x_axis% + 1) * 30) Mod 60) & "min"
End If
text_time_value(x_axis%).Left = (1000 + (0.8 *

60 * 30) * (x_axis% + 1)) -

(text_time_value(x_axis%).Width / 2)

Next x_axis%

"*** Draw line in x axis ***

For x_axis% = 0 To 99
Lined(x_axis%).BorderColor = &HFF&
Line4(x_axis%).Y1 = 500
Line4(x_axis%).Y2 = 7000
Line4(x_axis%).X1 = 1000 + ((0.8 * 60 * 156) *

(x_axis% + 1))

Line4(x_axis%).X2 = Lined(x_axis%).X1

Next x_axis%

“*** Did not display laeead and different of line ***

Form% =0 To 99 Step 2
Line4(m% + 1).BorderWidth = 1
Line4(m% + 1).BorderStyle = 1
Line4(m%).BorderWidth = 1
Line4(m%).BorderStyle = 5
Line4(m%).Visible = False

Next m%

End Sub

Private Sub command_previous_Click()

previous_from_test = 3

test_form.Hide

day = day_now

day = day - 1

Unload look_form

Load look_form

look_form.Show

End Sub

'Private Sub command_stop_timer_Click()

'Timer1.Enabled = False

'End Sub

'Private Sub command_start_timer_Click()

‘Timer1.Enabled = True

'‘End Sub

Private Sub command_y_laeead_Click()

Ify_laeead = 0 Then
Form% =1 To 25 Step 2
Line3(m%).Visible = True
Next m%
y_lacead = y_laeead + 1

Else
Form% =1 To 25 Step 2
Line3(m%).Visible = False

Next m%



y_laeead = y_laeead - 1
End If
End Sub
Private Sub command_x_laeead_Click()
If x_laecead = 0 Then
For m% =0 To 99 Step 2
Line4(m%).Visible = True
Next m%
x_laeead = x_laeead + 1
Else
Form% =0 To 99 Step 2
Line4(m%).Visible = False
Next m%
x_laeead = x_laeead - 1
End If
End Sub
Private Sub command_quit_Click()
MSComm1.0utput = Chr$(Asc('t"))
nub =0
v_ruam =0
jum_nun =0
temp_ruam =0
Unload test_form
Load main_menu
main_menu.Show
End Sub
Private Sub Form_Activate()
test_form.Caption = "Graph display between
temperature and duration of " & Str(dur) & " day"
text_insulator.Text = "Type of insulation is " & insu
text_temperature.Text = "At temperature " &
Str(temp) & " degree of celcious "
text_duration.Text = “for " & Str(dur) & " day"
text_name_sumame.Text = "By " &nam & " " & sur

End Sub

Private Sub Form_Resize()

“*** |nitial condition for draw graph ***

test_form.ScaleLeft = 32767

test_form.ScaleTop = 32767

Picture1.ScaleLeft = 32767

Picture2.ScalelLeft = 32767

Picture1.ScaleTop = 32767

Picture2.ScaleTop = 32767

Picture1.Move 32767, 32767, ScaleWidth -

VScroll1.Width, ScaleHeight - HScroll1.Height

Picture2.Move 32767, 32767

If Picture2.Width < Picture1.Width Then
Picture2 Width = Picture1.Width
HScroll1.Max = 32767 - laeead

End If

If Picture2.Height < Picture1.Height Then
Picture2.Height = Picture 1.Height

End If

HScroll1.Left = 32767

HScroll1.Top = ScaleHeight - HScroll1.Height +

32767

HScroli1.Width = Picture 1.Width

VScroll1.Top = 32767

VScroll1.Left = ScaleWidth - VScroll1.Width +

32767

VScroll1.Height = Picture1.Height

HScroll1.Min = -32767

VScroll1.Min = -32767

HScroll1.Value = -32767

VScroll1.Value = -32767

If Picture2.Width > Picture1.Width Then
HScroll1.Enabled = True
HScroll1.Max = Picture2.Width - Picture 1.Width

- 32767

Else



HScroll1.Enabled = False
End If
If Picture2.Height > Picture1.Height Then
VScroll1.Enabled = True
VScroll1.Max = Picture2.Height -
Picture1.Height - 32767
Else
VScroll1.Enabled = False
End If
*** Set change scrolls 1/10 of distance. ***
If HScroll1.Max > 10 And VScroll1.Max > 10 Then
HScroll1.LargeChange = HScroll1.Max / 10
VScroll1.LargeChange = VScroll1.Max / 10
Else
HScroll1.LargeChange = 1000
VScroll1.LargeChange = 1000
End If
HScroll1.Refresh
VScroll1.Refresh
End Sub
Private Sub vscroll1_change()
Picture2.Top = -VScroll1.Value
End Sub
Private Sub vscroll1_scroll()
Picture2.Top = -VScroll1.Value
End Sub
Private Sub hscroll1_change()
Picture2.Left = -HScroll1.Value
End Sub
Private Sub hscroll1_scroll()
Picture2.Left = -HScroll1.Value
End Sub
Private Sub Timer2_Timer()

o4 look_intial_form

MSComm1.Output = Chr$(dur)
Timer3.Enabled = True
Timer2.Enabled = False

End Sub

Private Sub Timer3_Timer()
MSComm1.Output = Chr$(Asc(temp_sib))
Timer4.Enabled = True
Timer3.Enabled = False

End Sub

Private Sub Timer4_Timer()
MSComm1.0Output = Chr$(Asc(temp_nuay))
Timer6.Enabled = True
Timer4.Enabled = False

End Sub

Private Sub Timer5_Timer()
MSComm1.0utput = Chr$(Asc("s"))
Timer5.Enabled = False

End Sub

Private Sub Timer6_Timer()
MSComm1.Output = Chr$(noi - 90)
Timer7.Enabled = True
Timer6.Enabled = False

End Sub

Private Sub timer7_timer()
MSComm1.Output = Chr§(mark - 100)
Timer8.Enabled = True

Timer7 .Enabled = False

End Sub

Private Sub timer8_timer()
MSComm1.0utput = Chr$(noi_noi - 50)
Timer5.Enabled = True
Timer8.Enabled = False

End Sub



Private Sub command_open_Click()

If InStr(File1.FileName, "date_1-7") > 0 Then
destinate1 = Dir1.Path & "\" & File1.FileName
destinate2 = Left$(destinate1, (Len(destinate1)

- 7)) &"8-15.mdb"
previous_from_test =0
Load look_form
look_form.Show
Unload look_initial_form

Else
MsgBox "This file did not support this program !

please select new file", vbinformation +

vbOKOnly, "Warning"

End If

End Sub

Private Sub command_quit_Click()

Unload look_initial_form

Load main_menu

main_menu.Show

End Sub

Private Sub Command1_Click()

If InStr(File1.FileName, "date_1-7") > 0 Then
destinate1 = Dir1.Path & "\" & File1.FileName
destinate2 = Left$(destinate1, (Len(destinate1)

- 7)) & "8-15.mdb"

1la3u look_form
Dim a, b, ¢, d As Single
Dimj, r, I As Single
Dim laeead, rim_right, rim_left, rad As Single
Dim x, xo0, y As Single
Dim slide_sen, chung As Single
Dim real_temp, real_time, real_time_sec,
real_time_min As Single

Dim n, p, start, k As Integer

previous_from_test = 0
Load print_form
print_form.Show
Unload look_initial_form
Else
MsgBox "This file did not support this program !
please select new file", vbinformation +
vbOKOnly, "Warmning"
End If
End Sub
Private Sub Dir1_Change()
File1.Path = Dir1.Path
End Sub
Private Sub Drive1_Change()
Dir1.Path = Drive1.Drive
End Sub
Private Sub File1_Click()
Text1.Text = Dir1.Path & "\" & File1.FileName
End Sub
Private Sub Form_Load()
Text1.Text = ".mdb"
File1.Pattern = "*.mdb"
End Sub

Private Sub draw_graph()

a =33767

b = 39767

Picture2.Cls

For hour_field% = 0 To 23 Step 1
rsdate.MoveFirst
real_time_hour = hour_field%

select_hour



For sec% =5 To 3600 Step 5
HScroll1.Min = -32767
c=a
d=b
a=a +laeead
b = (39767 - (rsdate.Fields(real_hour) * 50))
Picture2.Line (c, d)-(a, b)

rsdate.MoveNext

Next sec%

Next hour_field%

End Sub

Private Sub command_next_Click()
day =day + 1

If previous_from_test =3 Then

If day = day_now Then
Unload look_form
previous_from_test = 2
test_form.Show

Else
Unload look_form
Load look_form
look_form.Show

End If

Else ‘

Unload look_form

Load look_form

look_form.Show

End If

End Sub

Private Sub command_previous_Click()
day = day - 1

Unload look_form

Load look_form

look_form.Show

End Sub

Private Sub command_quit_Click()
Unload look_form
Unload test_form
"*** Set initial of serial port connection ***
MSComm1.Settings = "9600,N,8,1"
MSComm1.CommPort = comport
MSComm1.InputLen =1
MSComm1.PortOpen = True
MSComm1.RThreshold = 1
"*** Send bit start to micropro ***
MSComm1.Output = Chr§(Asc("r"))
Load main_menu
main_menu.Show
End Sub
Private Sub command_y_laeead_Click()
Ifn=0Then
Form% = 17To 25 Step 2
Line3(m%).Visible = True
Next m%
n=n+1
Else
Form% = 1To 25 Step 2
Line3(m%).Visible = False
Next m%
n=n-1
End If
End Sub
Private Sub command_x_laeead_Click()
If p=0 Then
For m% = 0 To 99 Step 2
Line4(m%).Visible = True
Next m%
p=p+
Else

Form% =0 To 99 Step 2



Line4(m%).Visible = False

Next m%

pP=p-1
End If
End Sub
Private Sub command_close_Click()
Unload look_form
Load look_initial_form
look_initial_form.Show
End Sub
Private Sub Form_Activate()
look_form.Caption = "Graph display between
temperature and duration of " & Str(day) & " day"
rsinitial. MoveFirst
text_insulator.Text = "Type of insulation is " &
rsinitial. Fields("type of insulation")
text_temperature.Text = "At temperature " &
Str(rsinitial.Fields("temperature")) & " degree of
celcious "
text_duration.Text = "for " &
Str(rsinitial.Fields("duration”)) & " day"
text_name_surname.Text = "By " &
rsinitial.Fields('name") & " " &
rsinitial.Fields("surname")
End Sub
Private Sub Form_Load()
select_day
If day <= 15 Then

makedata
End If
look_form.Caption = "Graph display between
temperature and duration of * & Str(day) & " day"
If day = 1 Then

command_previous.Enabled = False

Else

command_previous.Enabled = True
End If
If previous_from_test = 0 Then
If day = 15 Then
command_next.Enabled = False
Else
command_next.Enabled = True
End If
Else
If day = 15 Or day = day_now Then
command_next.Enabled = False
Else
command_next.Enabled = True
End If
End If

If previous_from_test = 3 Then
command_quit.Visible = True
command_close.Visible = False

Else
command_quit.Visible = False
command_close.Visible = True

End If

look_form.ScaleHeight = 8595
look_form.ScaleWidth = 11880
look_form.ScalelLeft = 32767
look_form.ScaleTop = 32767
Picture1.ScaleLeft = 32767
Picture2.ScalelLeft = 32767
Picture1.ScaleTop = 32767
Picture2.ScaleTop = 32767

Picture1.Move 32767, 32767, ScaleWidth -
VScroll1.Width, ScaleHeight - HScroll1.Height



Picture2 .Move 32767, 32767
Picture2.Width = 81000 "+ *e
Picture2.Height = (ScaleHeight - HScroll1.Height)
+100
a=33767
b =39767
laeead =0.8 * 5
rim_right = 100
rim_left = 1000
rad =20
chung =30
x = (0.8 *60 *30)
x0 = 33767 + (0.8 * 60 * 30)
Text5(26).Visible = False
j=133217
r=130
| =33267
Fori% =0 To 26
Line3(i%).X1 = 33767
Line3(i%).X2 = 33767 + 70000 "****
Line3(i%).BorderColor = &HFF&
Line3(i%).Y1 =1
Line3(i%).Y2 = |
I=1+250
Text5(1%).BackColor = &HCOCOFF
Text5(i%).Alignment = 2
Text5(i%).BorderStyle = 0
Text5(i%).Height = 100
Text5(i%).Width = 400
Text5(i%).Left = 33067
Text5(i%).Top = j
j=j+250
Textb(i%).Text =r
r=r-5

Next i%

Form% =1 To 25 Step 2
Text5(m%).Visible = False
Line3(m%).BorderStyle = 5
Line3(m%).Visible = False
Line3(m%).BorderWidth = 1
Line3(m% - 1).BorderWidth = 1
Line3(m% - 1).BorderStyle = 1
Next m%
Foro0% =0To 51
Text6(0%).BackColor = &HCOCOFF
Text6(0%).Alignment = 2
Text6(0%).BorderStyle = 0
Text6(0%).Height = 100
Text6(0%).Width = 1200
Text6(0%).Top = 39967
‘don't display zero
If Str(((0% + 1) * 30) \ 60) <> 0 Then 'hour
If Str(((0% + 1) * 30) Mod 60) <> 0 Then '
minute
Text6(0%).Text = Str(((0% + 1) *30)\ 60) &
" hour" + Str(((0% + 1) * 30) Mod 60) & " min"
Else
Text6(0%).Text = Str({((0% + 1) *30)\ 60) &
“ hour"
End If
Else
Text6(0%).Text = Str(((0% + 1) * 30) Mod 60)
& " min"
End If
Text6(0%).Left = (33767 + (0.8 * 60 *30) * (0%
+ 1)) - (Text6(0%).Width / 2)
Next 0%
Foro% =0 To 99
Line4(0%).BorderColor = &HFF&
Line4(0%).Y1 = 33267



Line4(0%).Y2 = 39767
Line4(0%).X1 = 33767 + ((0.8 * 60 * 15) * (0% +
1)
Line4(0%).X2 = Line4(0%).X1
Next 0%
Form% =0 To 99 Step 2
Line4(m% + 1).BorderWidth = 1
Line4(m% + 1).BorderStyle = 1
Line4(m%).BorderWidth = 1
Line4(m%).BorderStyle =5
Line4(m%).Visible = False
Next m%
draw_graph
End Sub
Private Sub Form_Resize()
'look_form.ScaleHeight = 8595
'look_form.ScaleWidth = 11880
look_form.ScaleLeft = 32767
look_form.ScaleTop = 32767
Picture1.ScaleLeft = 32767
Picture2.Scaleleft = 32767
Picture1.ScaleTop = 32767
Picture2.ScaleTop = 32767
Picture1.Move 32767, 32767, ScaleWidth -
VScroll1.Width, ScaleHeight - HScroll1.Height
Picture2.Move 32767, 32767
If Picture2.Width < Picture1.Width Then
Picture2.Width = Picture1.Width
HScroll1.Max = 32767 - laeead
End If
If Picture2.Height < Picture1.Height Then
Picture2.Height = Picture1.Height
End If
HScroll1.Left = 32767

HScroll1.Top = ScaleHeight - HScroll1.Height +

32767

HScroll1.Width = Picture1.Width

VScroll1.Top = 32767

VScroll1.Left = ScaleWidth - VScroll1.Width +

32767

VScroll1.Height = Picture1.Height

HScroll1.Min = -32767

VScroll1.Min = -32767

HScroll1.Value = -32767

VScroll1.Value = -32767
HScroll1.Max = Picture2.Width - Picture1.Width -

32767

If Picture2.Height > Picture1.Height Then
VScroll1.Max = Picture2.Height -

Picture1.Height - 32767

End If

'set change scrolls 1/10 of distance.

If HScroll1.Max > 10 And VScroli1.Max > 10 Then
HScroll1.LargeChange = HScroll1.Max / 10
VScroll1.LargeChange = VScroli1.Max / 10

Else

1l

HScroll1.LargeChange = 1000

1l

VScroli1.LargeChange = 1000
End If
HScroll1.Enabled = True
If (Picture1.Height < Picture2.Height) Then
VScroll1.Enabled = True
Else
VScroll1.Enabled = False
End If
HScroll1.Refresh
VScroll1.Refresh
End Sub

Private Sub hscroll1_change()



Picture2.Left = -HScroll1.Value
End Sub

Private Sub hscroll1_scroll()
Picture2.Left = -HScroll1.Value
End Sub

Private Sub vscroll1_change()

wedu print_form
Dim a, b, ¢, d As Single
Dim j, r, | As Single
Dim laeead, rim_right, rim_left, rad As Single
Dim x, x0, y As Single
Dim slide_sen, chung As Single
Dim real_temp, real_time, real_time_sec,
real_time_min As Single
Dim n, p, start, k As Integer
Private Sub draw_graph()
Picture2.Cls
For hour_field% = 0 To 23 Step 1
rsdate.MoveFirst
real_time_hour = hour_field%
select_hour
For sec% = 5 To 3600 Step 5
If sec% =5 Then
temp_5! = rsdate.Fields(real_hour)
"Line3(hour_field%).X1 = (500 +
(hour_field% * 450))
"Line3(hour_field%).X2 = (500 +
((hour_field% + 1) * 450))
'Line3(hour_field%).Y1 = (8000 -
(rsdate.Fields(real_hour) * 75))
End If
If sec% = 1800 Then

temp_30! = rsdate.Fields(real_hour)

Picture2.Top = -VScroll1.Value
End Sub

Private Sub vscroll1_scroll()
Picture2.Top = -VScroll1.Value
End Sub

‘Line3(hour_field%).Y2 = (8000 -
(rsdate.Fields(real_hour) * 75))
End If
If sec% = 3600 Then
temp_60! = rsdate.Fields(real_hour)
End If
rsdate.MoveNext
Next sec%
Line3(hour_field%).X1 = ((500 + 920) +
(hour_field% * 410))
Line3(hour_field%).X2 = ((725 + 920) +
(hour_field% * 410))

Lined(hour_field%).X1 = Line3(hour_field%).X2

Lined(hour_field%).X2 = ((950 + 920) +
(hour_field% * 410))
If hour_field% = 0 Then
Line3(hour_field%).Y 1 = ((8000 - 500) -
(temp_5! * 65))

Else

Line3(hour_field%).Y1 = Line4(hour_field% -

1).Y2

End If

Line3(hour_field%).Y2 = ((8000 - 500) -
(temp_30! * 65))

Lined(hour_field%).Y1 = Line3(hour_field%).Y2

Line4(hour_field%).Y2 = ((8000 - 500) -
(temp_60! * 65))



Next hour_field%
End Sub
Private Sub command_next_Click()
day =day + 1

Unload print_form

Load print_form

print_form.Show
End Sub
Private Sub command_previous_Click()
day = day -1
Unload print_form
Load print_form
print_form.Show
End Sub
Private Sub Form_Activate()
print_form.Caption = "Graph display between
temperature and duration of " & Str(day) & " day"
rsinitial. MoveFirst
text_insulator.Text = "Type of insulation is " &
rsinitial.Fields("type of insulation”)
text_temperature.Text = "At temperature " &
Str(rsinitial.Fields("temperature")) & " degree "
text_duration.Text = "for " &
Str(rsinitial.Fields("duration")) & " day"
text_name_surname.Text = "By " &
rsinitial. Fields('name") & " " &
rsinitial. Fields("surname”)
End Sub
Private Sub Form_Load()
select_day
If day <= 15 Then

makedata
End If
print_form.Caption = "Graph display between

temperature and duration of " & Str(day) & " day”

Text6.Text = "Graph display between temperature

and duration of “ & Str(day) & " day"
Ifday =1 Then

command_previous.Enabled = False
Else

command_previous.Enabled = True
End If

If day = 15 Then

command_next.Enabled = False
Else
command_next.Enabled = True

End If
text_insulator.BackColor = &HCOCOFF
text_temperature.BackColor = &HCOCOFF
text_name_surname.BackColor = &HCOCOFF
text_duration.BackColor = &HCOCOFF
Text5.BackColor = &HCOCOFF
Text6.BackColor = &HCOCOFF
Picture2.BackColor = &HCOCOFF
print_form.ScaleLeft =0
print_form.ScaleTop =0
Picture1.ScaleLeft =0
Picture2.ScaleLeft = 0
Picture1.ScaleTop =0
Picture2.ScaleTop =0
Picturet.Move 960, 0, ScaleWidth, ScaleHeight
Picture2.Move 960, 0, ScaleWidth, ScaleHeight
Fori% =0To 10
Text1(i%).BackColor = &HCOCOFF
Text1(i%).Alignment = 2
Text1(i%).BorderStyle = 0
Text1(i%).Height = 100
Text1(i%).Width = 350
Text1(i%).Top = ((500 - 50 + 500) + (i% * 650))
Text1(i%).Left = (100 + 960)



Next hour_field%
End Sub
Private Sub command_next_Click()
day =day + 1

Unload print_form

Load print_form

print_form.Show
End Sub
Private Sub command_previous_Click()
day = day - 1
Unload print_form
Load print_form
print_form.Show
End Sub
Private Sub Form_Activate()
print_form.Caption = "Graph display between
temperature and duration of * & Str(day) & " day"
rsinitial. MoveFirst
text_insulator.Text = "Type of insulation is " &
rsinitial.Fields("type of insulation”)
text_temperature.Text = "At temperature " &
Str(rsinitial.Fields("temperature")) & "degree "
text_duration.Text = "for " &
Str(rsinitial.Fields("duration")) & " day"
text_name_surname.Text = "By " &
rsinitial. Fields('name”) & " * &
rsinitial.Fields("surname”)
End Sub
Private Sub Form_Load()
select_day
If day <= 15 Then

makedata
End If
print_form.Caption = "Graph display between

temperature and duration of " & Str(day) & " day"

Text6.Text = "Graph display between temperature
and duration of * & Str(day) & " day"
Ifday = 1 Then

command_previous.Enabled = False
Else

command_previous.Enabled = True
End If

If day = 15 Then

command_next.Enabled = False
Else
command_next.Enabled = True

End If
text_insulator.BackColor = &HCOCOFF
text_temperature.BackColor = &HCOCOFF
text_name_surname.BackColor = &HCOCOFF
text_duration.BackColor = &HCOCOFF
Text5.BackColor = &HCOCOFF
Text6.BackColor = &HCOCOFF
Picture2.BackColor = &HCOCOFF
print_form.ScaleLeft =0
print_form.ScaleTop = 0
Picture1.ScaleLeft = 0
Picture2.ScaleLeft = 0
Picture1.ScaleTop =0
Picture2.ScaleTop =0
Picture1.Move 960, 0, ScaleWidth, ScaleHeight
Picture2.Move 960, 0, ScaleWidth, ScaleHeight
Fori% =0To 10
Text1(i%).BackColor = &HCOCOFF
Text1(i%).Alignment = 2
Text1(i%).BorderStyle = 0
Text1(i%).Height = 100
Text1(i%).Width = 350
Text1(i%).Top = ((500 - 50 + 500) + (i% * 650))
Text1(i%).Left = (100 + 960)



Text1(i%).Text = Str(100 - (i% * 10))
Line1(i%).BorderColor = &HFF&
Line1(i%).X1 = (500 + 960)
Line1(i%).X2 = (11300)

Line1(i%).Y1 = (500 + 500 + (i% * 650))
Line1(i%).Y2 = (500 + 500 + (i% * 650))
Next i%

Fori% =0To 24

Line2(i%).BorderColor = &HFF&
Line2(i%).X1 = ((500 + 960) + (i% *410))
Line2(i%).X2 = ((500 + 960) + (i% *410))
Line2(i%).Y1 = (500 + 500)
Line2(i%).Y2 = (8000 - 500)

Next i%

Line2(0).BorderWidth = 2
Line1(10).BorderWidth = 2

Fori% =0To 12

Text2(i%).BackColor = &HCOCOFF
Text2(i%).Alignment = 2
Text2(i%).BorderStyle = 0
Text2(i%).Height = 100
Text2(i%).Width = 300

Text2(i%).Top = (8100 - 500)

Text2(i%).Left = ((600 + 960 - 150) + (1% * (900 -

80)))

Text2(i%).Text = Str(i% * 2)
Next i%

Text3.BackColor = &HCOCOFF
Text3.Alignment = 2
Text3.BorderStyle =0
Text3.Height = 100
Text3.Width = 1800

Text3.Top = (200 + 500)
Text3.Left = (150 + 960)

Text3.Text = "Temperature (celcious)"

Text4.BackColor = &HCOCOFF
Text4.Alignment = 2
Text4.BorderStyle = 0
Text4.Height = 100
Text4.Width = 850

Text4.Top = (8350 - 500)
Text4.Left = (10600)
Text4.Text = "Time (hour)"
draw_graph

End Sub

Private Sub Command1_Click()
Printer.CurrentY = Printer.CurrentY + 500
'Printer.Print " "

Printer.CurrentY = Printer.CurrentY + 100
Printer.ScaleTop = 500
Printer.EndDoc
print_form.PrintForm

End Sub

Private Sub Command2_Click()
Unload print_form

Load look_initial_form
look_initial_form.Show

End Sub

Private Sub Form_Resize()
print_form.ScaleLeft =0
print_form.ScaleTop =0
Picture1.ScaleLeft = 0
Picture2.ScaleLeft = 0
Picture1.ScaleTop =0

Picture2.ScaleTop = 0

Picture1.Move 0, 0, ScaleWidth, ScaleHeight

Picture2.Move 0, 0
Picture2.Width = Picture1.Width
Picture2.Height = Picture1.Height
End Sub



ey warmning_form
Private Sub command_you_know_Click()
Unload test_form
*** Set initial of serial port connection ***
MSComm1.Settings = "9600,N,8,1"
MSComm1.CommPort = comport

MSComm1.InputLen = 1

lesu out_of_water_form
Private Sub Command1_Click()
Unload test_form
"*** Set initial of serial port connection ***
MSComm1.Settings = "9600,N,8,1"
MSComm1.CommPort = comport
MSComm1.InputLen = 1
MSComm1.PortOpen = True
MSComm1.RThreshold = 1
*** Send bit stop to micropro ***
MSComm1.Output = Chr$(Asc('r"))
End
End Sub

Tuqa module
Public db, db_edit, t_v As Database

Public rsdate, rsdate_edit, rs_t_v As Recordset

Public rsinitial, rsinitial_edit As Recordset
Public locate, destinate As String

Public destinate1, destinate2 As String
Public dat As String

Public nam, sur, insu As String

Public real_hour As String

Public day As Single

Public previous_from_test As Single
Public day_now As Single

Public temp, clea As Integer

MSComm1.PortOpen = True
MSComm1.RThreshold = 1

*** Send bit stop to micropro ***
MSComm1.0utput = Chr$(Asc('r"))
End

End Sub

Private Sub Form_Load()
tee! =0
out_of_water_form.Hide
End Sub

Private Sub Timer1_Timer()
tee! = tee! + 1

If tee! > 30 Then
out_of_water_form.Show
Timer1.Enabled = False
End If

End Sub

Public dur As Integer
Public real_time_hour As Single

Public vic, temperature As Single

Public tbase, vbase, vnext, tadd As Single

Public comport As Integer

Public v_ruam, jum_nun, temp_ruam As Single

Public temp_sib, temp_nuay As String

Public noi, mark, noi_noi As Long
Public Sub link_t_v()
Set t_v = OpenDatabase(‘c:\my

documents\ping\database\reference.mdb”)



Set rs_t_v = t_v.OpenRecordset("temp_voltage",
dbOpenDynaset)
End Sub
Public Sub makedata()
Set db = OpenDatabase(destinate)
Set rsdate = db.OpenRecordset(dat,
dbOpenDynaset)
Set rsinitial = db.OpenRecordset(“initial”,
dbOpenDynaset)
End Sub
Public Sub editdata()
Set db_edit = OpenDatabase(destinate)
Set rsdate_edit = db_edit.OpenRecordset(dat,
dbOpenDynaset)
Set rsinitial_edit = db_edit.OpenRecordset(‘initial”,
dbOpenDynaset)
End Sub
Public Sub fieldinitial()
rsinitial. MoveFirst
rsinitial.Edit
rsinitial.Fields("name") = nam
rsinitial.Fields("surname”) = sur
rsinitial.Fields("type of insulation") = insu
rsinitial.Fields("temperature") = temp
rsinitial.Fields("clearance of temp") = clea
rsinitial.Fields("duration”) = dur
rsinitial.Update
End Sub
Public Sub select_hour()
Select Case real_time_hour
Case 0
real_hour = "hour 0"
Case 1
real_hour = "hour 1"

Case 2

real_hour = "hour 2"
Case 3

real_hour = "hour 3"
Case 4

real_hour = "hour 4"
Case 5

real_hour = "hour 5"
Case 6

real_hour = "hour 6"
Case 7

real_hour = "hour 7"
Case 8

real_hour = "hour 8"
Case 9

real_hour = "hour 9"
Case 10

real_hour = "hour 10"
Case 11

real_hour = "hour 11"
Case 12

real_hour = "hour 12"
Case 13

real_hour = "hour 13"
Case 14

real_hour = "hour 14"
Case 15

real_hour = "hour 15"
Case 16

real_hour = "hour 16"
Case 17

real_hour = "hour 17"
Case 18

real_hour = "hour 18"
Case 19

real_hour = "hour 19"



Case 20

real_hour = "hour 20"
Case 21

real_hour = "hour 21"
Case 22

real_hour = "hour 22"
Case 23

real_hour = "hour 23"
Case 24

real_hour = "hour 24"

End Select

End Sub

Public Sub select_day()

Select Case day

Case 1

dat = "date 1"

destinate = destinate1

Case 2

dat = "date 2"

destinate = destinate1

Case 3

dat = "date 3"

destinate = destinate1

Case 4

dat = "date 4"

destinate = destinate1

Case 5

dat = "date 5"

destinate = destinate1

Case 6

dat = “date 6"

destinate = destinate 1

Case 7

dat = "date 7"

destinate = destinate1

Case 8
dat = "date 8"
destinate = destinate2
Case 9
dat = "date 9"
destinate = destinate2
Case 10
dat = "date 10"
destinate = destinate2
Case 11
dat = "date 11"
destinate = destinate2
Case 12
dat = "date 12"
destinate = destinate2
Case 13
dat = "date 13"
destinate = destinate2
Case 14
dat = "date 14"
destinate = destinate?2
Case 15
dat = "date 15"
destinate = destinate2
End Select
End Sub
Public Sub select_day_now()
Select Case day_now
Case 1
dat = "date 1"
destinate = destinate1
Case 2
dat = "date 2"
destinate = destinate1

Case 3



dat = "date 3"

destinate = destinate1
Case 4

dat = "date 4"

destinate = destinate1
Case 5

dat = "date 5"

destinate = destinate1
Case 6

dat = "date 6"

destinate = destinate
Case 7

dat = "date 7"

destinate = destinate1
Case 8

dat = "date 8"

destinate = destinate2
Case 9

dat = "date 9"

destinate = destinate?2

Case 10
dat = "date 10"
destinate = destinate2
Case 11
dat = "date 11"
destinate = destinate2
Case 12
dat = "date 12"
destinate = destinate2
Case 13
dat = "date 13"
destinate = destinate2
Case 14
dat = "date 14"
destinate = destinate2
Case 15
dat = "date 15"
destinate = destinate2
End Select
End Sub
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;12 . address of data to write in real time clock
;70 : address of data in it
;71 :loop of number of data to want to recieve
;16 : loop of recieve and send
;17 delay
;define port and pin name

lcd_en bit p2.6

lcd_rs bit p2.5

lcd_rw bit p2.4

lcd_addr equ 030h
lcd_dataequ 031h

adde_s equ 11010000b ;adde is
address of ds1307

sda_s equ p1.4

scl_s  equ p1.3

adde_a equ 10010000b ;address of
pcf8591

con_a equ 01000000b ;control byte of
pcf8591

conl_a equ 01000001b ;control byte of

pcf8591a to d channal 1
sda_a equ p1.6
scl_a equ p1.5

org 0000h
begin:
mov p1,#11101110b ;clear status all device

mov p0,#00000000b ;clear databus

call delay
setb p1.0
call delay

clr p1.0

call delay

mov  pZ#11111111b clear status keypad
and 1 - wire

mov p3.#00011111b ;clear status lcd, r-
2r,p3.2-p3.4

cir lcd_rw
mov  21h,#00h ;setold secin O
;mov 52h,#00010100b ;set duration for test
;mov 68h,#00001001b ;set temp luk sib
;mov 58h,#00000000b ;set temp luk nuay
mov 5ah,#00h

mov 5bh,#00h

mov 5ch,#00h

mov 5dh,#00h

mov 5eh,#0bh

mov 63h,#09h

mov  21h,#00h

mov 6fh,#00h

mov 6ah,#00h

;mov  6¢h,#00h

;mov  6dh,#0ffh

;mov  6eh #0ffh

mov 72h,#00h

mov 70h,#00h

mov 71h,#00h

setmode:mov  a,pcon ;Clear smod
anl a,#01111111b
mov  pcon,a
mov  tmod,#20h ;timer 1 mode
2
;timer O mode



value

mov

mov

mov
setb
setb
setb

mov

drive heater

testing

call

jnb

clr
mov
inb
cir
mov
jnb
clr
mov
jnb
clr
mov
mov
add
mov
jnb
clr
mov
mov
add
mov
jnb
clr

mov

scon,#40h ;set mode

th1,#0fah ;set reload
tl1,#0fah

tr1 ;start timer 1
tr0 ;start timer 0
ren

20h #0ffh ;for do not
dac

ri,$ ;for initial condition of

ri
52h,sbuf
ri,$

ri
58h,sbuf
n$

ri
59h,sbuf
r,$

ri
70h,sbuf
a,#90d
a,70h
70h,a
r.$

ri
71h,sbuf
a,#100d
a,71h
71h,a
ri,$

ri

72h,sbuf

mov a,#50d
add a,72h
mov 72h,a
mov  a,58h
clr o}
subb  a,#30h
mov 58h,a
mov 6bh,a
mov a,5%h
clr c
subb  a,#30h
mov 59h,a
mov a,58h
mov b.#0ah
mul ab
add a,59h
mov  58h,a
start:  jnb r,$
clr ri
mov a#'s'
cjne a,sbuf,start
data_to_send_to_rtc: mov

33h,#00000000b ;set second
mov

34h,#00000000b ;set minute
mov

35h,#00000000b ;set hour
mov

36h,#00000001b ;set day
mov

37h,#00000000b ;set date
mov

38h,#00000001b ;set month
mov

39h,#00000001b ;set year



mov

3ah,#10000000b ;set control byte

main: call
call
main_1: call
call
call
call
call
call
call
call
call
call

value

imp

drive_heater:

check_half:

write_data

init_Icd

read_data

adc

drive_heater

dac

adc1

send_hex_temp ;for display
check_temp_0

loop Jled display
check_water
check_reset with get digital

main_1

hdkdkkkkkhkkkdkk drive heater Kkt KAk deddkdkkhhk

mov a,54h

mov b,#0ah

mul ab

add a,55h

mov 69h,a

clr B

subb  a,58h

c check_half

MOV @7ih s
mov  20h,a

jimp drive_retumn

mov  a,58h
clr C
subb  a#02h
clr C
subb  a,69h

check_half_half:mov

subb
iz
jc
mov
jmp
half_half:
half:
drive_retumn:

iz half

ic half
a,58h
clr c
subb  a,#20d
clr c
a,69h
half_half
half_half
20h,#00h
drive_return
mov a,72h
mov  20h,a

jmp drive_retum
mov a,’/0h ;*»*
mov 20h,a

ret

;************** CheCk drive heater dddhkddhhhd

;suad:  mov

p mov
div

- mov

; clr
subb

3 mov

’

delay_100ms:

delay_100ms_1: mov

) T
b, #40d

ab

a,#90d

c

a,58h

b,#

wkdekkdkkdkkdekkk delay edededededededede e sk e ok ek ke

mov r7,#150
r6,#0e6h

delay_100ms_2: nop

nop
djnz r6,delay_100ms_2
djnz r7 ,delay_100ms_1

ret

. 23
,*** Fdededede ek ke dek de'ay 1 SeC Fdk ek dhkdkk



delay_1_sec:  mov r5,#10 movc  a,@a+dptr

delay_1_sec_1: call delay_100ms mov 54h,a

dinz r5,delay_1_sec_1 mov a,#02h

ret movc  a@a+dptr
Jrmenet check temperature ** e mov 55h,a
check_temp_0: djnz 5eh,check_temp mov a,#03h

djnz 63h,add_in movc  a,@a+dptr

mov  5eh#01h mov 56h,a

mov 63h,#01h mov a#04h

jmp retum_temp movec  a,@a+dptr
add_in: mov  68h,#0ah mov 57h,a

call average jmp add_temp

mov a,5fh temp_is_0: mov 54h,#00h

add a,64h mov 55h,#00h

mov  64h,a mov  56h,#00h

mov  a,60h mov  57h,#00h

add a,65h add_temp: mov a,54h

mov  65h,a add a,bah

mov  a,61h mov  5ah,a

add a,66h mov  a,55h

mov  66h,a add a,5bh

mov  a,62h mov  5bh,a

add a,67h mov  a,56h

mov  67h,a add a,bch

mov 5eh,#0bh mov 5ch,a

jmp return_temp mov a,57h
check_temp: mov dptr,#4000h add a,5dh
check_temp_1: mov a,53h mov 5dh,a

anl a,#11000000b return_temp: ret

jz temp_is_0 add_dptr: mov r0,#05h

mov a,#00h add_dptr_1: inc dptr

movc  a,@a-+dptr djnz r0,add_dptr_1

cine a,53h,add_dptr ;53h is jmp check_temp_1
addvalie [FHRRROE R Qo g FrkEkkE R Rk

mov a,#01h average: mov a,5ah



mov
div
mov
mov
mul
add
mov
div
mov

check_more_9: clr
mov
subb

jz

jmp
sol_is_10: inc
mov
jmp
more_10: inc
clr | c
mov
subb
mov
cal_on: mov
mul
add
mov
div
mov
check_more_9_1:
mov

subb

b,68h

ab

5th,a
a,#0ah
ab

a,5bh
b,68h

ab

60h,a

¢

a#0ah
a,60h
sol_is_10
jc more_10
cal_on
5fh
60h,#00h
cal_on

5th

a,60h
a#0ah
60h,a
a,#0ah

ab

a,5ch
b,68h

ab

61h,a

clr c
a,#0ah
a,61h
sol_is_10_1
more_10_1

cal_on_1

sol_is_10_1:

go_on_1:

more_10_1:

go_on_11:

cal_on_1:

inc
mov
cine
inc
mov
mov
jmp
inc
mov
cjne
inc
mov
clr
mov
subb
mov
mov
mul
add
mov
div

mov

check_more_9_2:

sol_is_10_2:

mov
subb
jz

ic
jmp
inc
mov
cjne
inc
mov
cine

inc

C

60h

a,60h
a,#0ah,go_on_1
5th

60h,#00h
61h,#00h
cal_on_1

60h

a,60h
a,#0ah,go_on_11
5fh

60h,#00h

a,61h
a,#0ah
61h.a
a,#0ah

ab

a,5dh
b,68h

ab

62h,a

clr c
a,#0ah
a,62h
sol_is_10_2
more_10_2
cal_on_2
61h

a,61h
a,#0ah,go_on_2
60h

a,60h
a,#0ah,go_on_before_2
5th



mov 60h,#00h call send_s

go_on_before_2: mov 61h,#00h ic write_data_end
go_on_2: mov 62h,#00h inc r0
jmp cal_on_2 dinz  r1,write_data_2
more_10_2: inc 61h
mov a,61h write_data_end: call stop_s
cine a,#0ah,go_on_22 ret
Ties 60h ekt fon ) atg joop R
mov a,60h read_data: call start_s ;send
cine start condition
a,#0ah,go_on_before_22 mov a#adde_s ;seta
inc 5th as address bit ( to write mode)
mov  60h,#00h call send_s ;send
go_on_before_22:mov  61h #00h address of ds1307
go_on_22: cr ¢ jc read_data_end ;jump
mov  a,62h if have error
subb  a,#0ah mov  a,#00h ;lock
mov 62h,a position to address 00h
cal_on_2: mov 5ah,#00h call send_s ;send
mov  5bh,#00h address of register byte
mov 5ch,#00h ijc read_data_end
mov  5dh,#00h call stop_s
;mov  5eh,#0bh call star_s ;send
ret repeat start
Jreseeseee write data logp e mov a,#adde_s
write_data: call start_s setb acc.0 ;set
mov  afadde_s address bit as read mode
call send_s call send_s
jc write_data_end ic read_data_end
mov  a,#00h mov  r0,#3bh for
call send_s keep data
ic write_data_end mov r1,#07h
mov  r0,#33h ;because data have 7 data
mov  r1,#08h read_all:call recieve_s ;recieve data

write_data_2:  mov a,@r0 outputin a



mov
for the futurg********
inc
clr
call
setb
djnz
call
mov
setb
ack bit
call
for send ack bit
read_data_end: call
stop condition
ret
;a . is data to be send

send_to_pc:

e send hex value of temp to pe ***+*

send_hex_temp: mov
;clr
subb
call
;mov
;div
;add
;call
;mov
;mov

;div

@r0,a

Fdedde gk dkhd kA kR hd Jedede deok ke de ke ok
send to pc

Jreekeep ;add  a,#30h
;call send_to_pc
r0 ;mov  ab
sda_s ,add  a#30h
clkpulse_s ;call send_to_pc
sda_s ret
1 read_all kR 0 (O (0N o dkkkres
recieve_s ;for control water level channal 2
@r0,a adc: jnb scl_a,adc_end ;jump
sda_s ;send if bus busy
jinb sda_a,adc_end ;jump
clkpulse_s ;clock if bus busy
call start_a ;send
stop_s ;send start condition
mov a#adde_a ;seta
as address bit
call send_a ;send
address of pcf8591
clr ti jc adc_end
mov sbuf,a ;jump if have error
jnb ti,$ mov  afcon_a
clr ti ;set a as control bit
ret call send_a ;send
control bit
a,53h jc adc_end
c call star{_a ;send
a,#50d repeat start
send_to_pc mov a,#adde_a
b,#100 setb  acc.0 set
ab address bit as read mode
a,#30h call send_a
send_to_pc jc adc_end
ab call recieve_a
b.#10 ;recieve data
ab



mov 32h,a :give
digital data in r0
setb  sda_a ;send
ack bit
call clkpulse_a ;clock
for send ack bit
adc_end: clr c
call stop_a ;send
stop condition
ret
ek g 10 ] converter e
;control temperature channal 1
adc1: jnb scl_a,adc1_end ;jump
if bus busy
jnb sda_a,adc1_end ;jump
if bus busy
call start_a ;send
start condition
mov  afadde_a seta
as address bit
call send_a ;send address
of pcf8591
jc adc1_end jump
if have error
mov a#coni_a seta
as control bit
call send_a ;send control
bit
it adc1_end
call start_a :send repeat
start
mov  a#adde_a
setb  acc.0 ;set address bit

as read mode

call

ic

call

mov

setb

call
ack bit

adc1_end:

stop condition

send_a

adc1_end

recieve_a recieve data
53h,a

sda_a :.send ack bit
clkpulse_a ;clock for send
cir C

call stop_a ;send
ret

:********Q* digital to analog Fhkkddkhkhhhkhdhhii

;sbuf is digital to convert to analog

dac: jnb
jnb
call
mov
call
jc
mov
call
ic
mov
call

dac_end:clr
call

ret

chkkdkdedkdkhhhhhhddod

1

check_water:

sda_a,dac_end
scl_a,dac_end
star_a
a,#adde_a
send_a
dac_end
a,#con_a
send_a
dac_end

a,20h

send_a

o

stop_a

CheCk Water Fekdekkdkhdkdkhkkd

jmp check_min_equal

check_water_con: setb p0.6
call delay
setb p1.0
call delay
clr p1.0
call delay



call
call
call
call
call
call
mov

anl

mov
anl
iz

mov

check_water_high:

clr
call
setb
call
clr
call
call
call
mov
call
call
call
call
call
jmp

water_less:

delay_1_sec
delay_1_sec
adc

adc

adc1

adc1

a,32h
a,#11111100b
water_less
a,53h
a#11111100b
water_less
6ah,#00h
clrp0.7
p0.6

delay

p1.0

delay

p1.0

delay
delay_1_sec
delay_1_sec
6eh.#01h
adc

adc

adc1

adc1

delay_1_sec

check_water_exit

inc
setb
clr
call
setb

call

6ah
p0.7
p0.6
delay
p1.0
delay

clr p1.0

call delay

call delay_1_sec
call delay_1_sec
jmp

check_water_high

check_water_exit:

mov 6fh,3ch

ret

jroseeeenee check for minute is equal e

;6fh : old sec

;:6eh : new sec

check_min_equal:

mov a,3ch

cjne

a,6th,min_not_equal

min_not_equal:

min_is_equal:

jmp
imp

min_is_equal

check_water_con

jmp

check_water_exit

3

check_reset:

check_reset_1:

check_reset_2:

not drive heater

mov
cine
mov
call
call
mov
call
call
imp
jnb
cir
mov
cine

mov

call

chkkhhhhihhkhkhhkh Fhkhrkhhhhhhkhhhhh
check reset

a,#50d

a,6ah,check_reset_1

a,#0feh
send_to_pc
delay_1_sec
a,#0feh
send_to_pc
delay_1_sec

check_reset_2

ri,check_reset_exit

ri

a#r

a,sbuf,check_reset_exit

20h,#0ffh

dac

:for do



call

call

jmp
check_reset_exit:

retum:

lcd_clr
lcd_off
begin

ret

;********** Send Of pCf8591 ke dedededede e dekde ke dedede

send_a: mov 16,#08h

send_a_1:rlc a

:8 bit to send

;rotate data to

send

mov sda_a,c ;put bit on pin

call clkpulse_a ;built clock
pulse

dinz  r6,send_a_1

setb  sda_a for check ack bit in
soon

call delay

setb  scl_a ;for change of data line

while clock line still high

call delay

jnb sda_a,send_a_2 ;jump if slave
send ack bit

clr scl_a ;for output from

this routine is low as other routine

call delay
setb c
ret

send_a_2:clr scl_a

call delay
clr c
ret

:set error bit

;**i******** Send of real time C‘OCk Fhkkkdddkhkhhdhk

;input

; sda_ sclis clear

a as data to transfer

;output ¢ is high ( 1) if have error

sda is low ( 0 ) if sending complete : scl is
low
send_s: mov r6,#08h ;8 bit to send

send_s_1:ric a ;rotate data to send

mov sda_s,c ;put bit on pin

call clkpulse_s ;built clock
pulse

djnz ré,send_s_1

setb  sda_s ;for check ack bitin
soon

call delay

setb scl_s ;for change of data line

while clock line still high

call delay

jnb sda_s,send_s_2 ;jump if slave
send ack bit

cir scl_s ;for output from this

routine is low as other routine

call delay
setb c ;set error bit
ret

send_s_2:clr scl_s

call delay
clr O
ret

swwtresx rociove data Of POTBEQ] *+ sttt
recieve_a:mov  r6,#08h
recieve_a_1: setb scl_a ;to start data
(bit) recieve from slave

call delay

mov c,sda_a

ric a ;rotate bit data to acc
clr scl_a
call delay

djnz r6,recieve_a_1



clr c ;for safe must set ¢ as
low

ret
7 recieve data of real time clock *****+*
;output  : a contain recieve data
recieve_s:mov  r6,#08h
recieve_s_1: setb scl_s ;o start data
(bit) recieve from slave

call delay

mov c,sda_s

ric a ;rotate bit data to acc
cir scl_s
call delay

djnz r6,recieve_s_1

clr (o] ;for safe must set ¢ as
low

ret
J start condition of pef@5Q 1 *wix

start_a: setb sda_a

setb  scl_a

call delay

clr sda_a
call delay
clr scl_a

ret

7+ start condition of real time clock ********
;output sda,scl clear

start_s: setb sda_s

setb scl_s

call delay
clr sda_s
call delay
clr scl_s

ret

ek stop condition of pcf8591 e

stop_a: clr sda_a
setb scl_a
call delay

setb sda_a
call delay
ret
;¥*** stop condition of real time clock ****

;output sda scl is high

stop_s: cir sda_s
setb  scl_s
call delay
setb  sda_s
call delay
ret

77 build clock pulse of pef85g1

clkpulse_a:call  delay

setb  scl_a
call delay
clr scl_a
ret

*** build clock pulse of real time clock *****

clkpulse_s:call  delay

setb scl_s
call delay
clr scl_s
ret

ek e dededede dedek Fdededk ek
; Fkkkk de‘ay

delay: mov r7,#00ch ;each loop =
50usec
delay_1:nop

nop

djnz r7,delay_1

ret

chkkhkhkhkhkhkkhhhhhhihd H dekkhhkhhkhhkkhhhhdksk
: show time

show_time: mov 22h,3fh ;send date



wkdedkkkkkkkhdekkdkk
)

show_temp:

show_temp_11:

call

mov
mov
mov
mov
call

mov
mov
mov
mov
call

mov
mov
mov
mov
mov
call

mov
mov
mov
mov
mov
mov
mov
mov

ret

change_bcd_to_ascii
42h,23h

43h,24h

44h #'
22h,3dh;send hour
change_bcd_to_ascii
45h,23h

46h,24h

47h g

22h,3ch ;send minute
change_bcd_to_ascii
48h,23h

49h,24h

4ah #"'

22h,3bh ;send second
21h,3bh
change_bcd_to_ascii
4bh,23h

4ch,24h

4dh #P'

4deh #1'

4fth #n'

50h#g'

5th#!"

6eh,#02h

ShOW temp Fedededekdhdedkkddkddddk

mov
cine
imp
mov
anl
jnz
mov

jmp

a,6beh
a,#01h,show_temp_11
show_time

a,53h

a,#11000000b
check_100

46h #'’

show_temp_1

check_100:

not_100:mov

show_temp_1:

mov
cine
mov
cine
mov
imp
46h#" "
mov
mov
mov
mov
mov
call
mov
mov
mov
mov
call
call
mov
add
mov
mov
add
mov
mov
add
mov
mov
add
mov
mov
mov
mov

mov

a,54h
a,#00h,not_100
a,55h
a,#00h,not_100
46h,#1"

show_temp_1

5ah,64h
5bh,65h
5ch,66h
5dh,67h
68h,#08h
average
54h,5th
55h,60h
56h,61h
57h,62h
drive_heater
dac
a,54h
a,#30h
54h,a
a,b5h
a,#30h
55h,a
a,56h
a,#30h
56h,a
a,57h
a,#30h
57h,a
42h #™
43h#™
44h #*
45h #™*



«dededededodededdekkdok ke kok ko
1

warning:mov

mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov

ret

T deddekk ek khd ke kikdkdkhih
warning

42h#"
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov

mov

47h,54h
48h,55h
49n 8"
4ah,56h
4bh,57h
4ch #60h
4dh #C'
4eh #™
4fh #™
50h #*
5Th#*
21h,3bh
64h,#00h
65h,#00h
66h,#00h
67h,#00h
5eh,#0bh
63h,#09h

43h#"
44h #T
45h #i'
46h#m'
47h e’
48h "
49h,#'u’
4ah #p'
4bh#'"
4ch,#n'
4dh,#o'
4eh #w'
4th #'1'
50h,#'"

mov 51h#""
mov 21h,3bh
ret

;********'k***‘k**** 'Cd display Fhdkhdhdkhkih ki

loop:

loop_con:mov

loop_continue:

temp:

time:
loop_lcd_r_shf:

shift Icd display

address 00h

jmp check_sec_equal
a,3th  ;move min to a for test
cjine a,52h,loop_continue

mov a,3bh  ;move sec to a

mov  b,#03
div ab
mov  ab

iz time

cine a,#01h,temp
call warning

jmp loop_lcd_r_shf

mov  a,3bh

mov b,#02

div ab

mov  ab

iz time

call show_temp
call check_water

jmp loop_lcd_r_shf

call show_time

call lcd_r_shf ;right
call ch_delay

call lcd_cir

mov lcd_addr,#000h ;set

call set_addr_lcd
call lcd_on

mov  Icd_data,42h
call wrchar_icd

mov lcd_data,43h



loop_end:

;*********** CheCk for Second is equa' Fededededededededd

;21h : old sec

call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
call

ret

wrchar_lcd
lcd_data,44h
wrchar_lcd
lcd_data,45h
wrchar_lcd
lcd_data,46h
wrchar_lcd
lcd_data,47h
wrchar_lcd
lcd_data,48h
wrchar_lcd
lcd_data,49h
wrchar_lcd
lcd_addr#40h
set_addr_lcd
lcd_data,4ah
wrchar_lcd
lcd_data,4bh
wrchar_lcd
lcd_data,dch
wrchar_lcd
Icd_data,4dh
wrchar_tcd
lcd_data.deh
wrchar_lcd
lcd_data,4th
wrchar_lcd
lcd_data,50h
wrchar_lcd
lcd_data,51h
wrchar_lcd

lcd_home

check_sec_equal:

cine

sec_not_equal:

sec_is_equal:

mov  a,3bh
a,21h,sec_not_equal
jmp sec_is_equal
jmp loop_con

jmp loop_end

; Fedddede ke dhd Change de to ascii Feddededkdokddd kg dhhdk

change_bcd_to_ascii
push
push
mov
mov
anl
swap
add
mov
mov
anl
add
mov
pop
pop

ret

acc
b

a,22h

b,a
a,#11110000b
a

a,#30h

23h,a

ab
a,#00001111b
a,#30h

24h,a

acc

b

;write character to show on lcd

Jip: lcd_data
wrchar_lcd: setb  lcd_rs
mov p0,lcd_data
call lcd_clk
call lcd_on
ret
;led display on
lcd_on: clr lcd_rs
mov p0,#00001100b
call lcd_clk
ret

;set lcd address



;i/p: lcd_addr

set_addr_lcd:  clr lcd_rs
mov alcd_addr
setb  acc.7
mov p0,a
call lcd_clk
ret
;lcd right shift display
lcd_r_shf: clr lcd_rs
mov p0,#00011100b
call lcd_clk
ret
;initialize lcd
init_lcd: call lcd_delay
clr lcd_rs
mov p0,#00111000b ;8 bit mode
call lcd_clk ;pulse led
clock
call lcd_off ;let only display off
call lcd_clr
mov p0,#00000110b
call lcd_clk
call lcd_home Teturn home
display
ret
;led return home
lcd_home: clr lcd_rs
mov  p0,#00000010b
call lcd_clk

;led clear display

lcd_clr: cir

ret

led_rs
mov
call

ret

;lcd only display off

led_off: clr

;lcd clock

lcd_clk: setb

Jlcd delay
lcd_delay:
lcd_delay_1:
lcd_delay_2:

finish:

end

lcd_rs
mov
call

ret

lcd_en
call
cir
call

ret

mov
mov
nop
nop
djnz
djnz

ret

p0,#00000001b
lcd_clk

p0,#00001000b
lcd_clk

lcd_delay
lcd_en

lcd_delay

r7 #002
r6,#0ebh

i6.lcd_delay_2
7 lcd_delay_1

ckkhkkhdkhhkhhhddd ﬁ n i Sh Feddekhhkdkhddd
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