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ABSTRACT

This project presents an energy saving of ice maker. The theory such as ice maker, refri-
geration , shape of ice and heat transfer will be researched in order to apply to this project . The
energy consumption of compressor will be analysed for finding the form of heat transfer , and

used it for reducing the energy in compressor of this proposed ice maker.
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qx = —K— W/m (2-9)

Qx = —kAS Wat (2.10)
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service hose

31t 3.14 dalszneuse q veunsui Thad

low side gauge
high side gange
usually biue
usnaify red
wheel to open and close
, wheel to open and close
low side manifold valve
high side menifold valve
hase hanger
one end of the refrigerant hose )}, \ manifold bar
attaches here and keeps the hase — ; .. | high side prof for high
clean of moisture and debris f side refrigeration hese
¥
¢
fow side port for low |-~
side refrigeration hose service port for
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ananliAvestdingamgil FLUKE 80T-150U
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AU +1% 9 0-100 °C
ﬂ’J’liJVl’J 1mVdc/°Cor®
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M3 3.5 ﬂmﬁuﬁﬁmmm?aﬁﬂﬁﬁﬁﬂﬁw FLUKE 41B

Measurement Ac

U 3.20 n3ea3adds T FLUKE 41B

Volt age

Ccurrent (1mV/A) Isolatéd

‘input

- Watts/Volt-Amps
{1mViA) isolated input
_Harmonics (harmenic

level »5% using Smooth
20)

- Frequency

‘Range and

 Resolution:

Accuracy: rms; £(0.5 % + 2 digits); Peak or DC: £(2 % + 3 digits) (add
2 dlglts |f < 15 V rms]

‘Range and
Resolution: 1.00 A to 1000 A rms [AC+DC] +1.0 Ato 22000 A peak
§ACCUT&CY: rms: +{0.5% + 3 digitshprobe specs; Peak or DC: +H2%+4

ﬁRange and Resolutlon 0 OW[VPJ to 600 kW[kV,AJ average

éAccuracy AC+DC +[1 % + 4 dlglts] + probe specs '
Volts: Fundamental 0 13th +[2 %+2 dlglts]

éAtllpel‘es or Watts: Fundamental to 13th (3 %+ 3 digits) + probe specs;

E:Range and Rosolutlon 6 0 Hz to 99 9 Hz
‘Accuracy: +0.3 Hz

5.0 V to 600 ¥ rms (AC+DC); £5.0 V to 933 V peak

d|g|ts] + probe specs

0.0W[VA) 1o 2000 KWk VA) peak

At 31st +(8 %+2 digits);

At 31st +[8 % + 3 dlglts] + probe specs

saeldanunsesiamadinih msfausedu 1 malaelda Probe Aoriu

aw Luaz N daumsanszuaes 14 clip aMp lumsadesensnugilii 3.21
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AUNQIABUDNRB (T 00 = 27.9 °C

ci t k4 o =
M1319N 4.1 L'Jﬂﬂu‘lf'NL‘]f']ﬂﬂﬁ?NﬂﬂTmQ 50 Hz

74

L P { o o :
nan ANUHIYERI A Jpdnsgan 3 Iponseaii 1

Wi , | qum | A

(i) mm. (39 High) (37 Low) Il of‘h il b
o nodg | Dou

x1 | x2 | x3 | x4 | x5 (kg}’a ) (;ré) (kg/Pl : (°T(1: ) watt | QIZUA du | T

cm? cm? (A) c0
0 -1 - - - - 3.6 - 3.40 - 109 | 072 | 243 - 50
10 - - - - - 72 240 | 0.60 55 | 96 068 | 165 | -17.7 | 50
20 - - - - - 7.0 248 | 038 92 | 90 | 068 | 50 | 202 | 50
30 | 215 | 228 | 237 | 394 | 127 6.7 242 | 035 92 | 9% | 067 0o | -197 | 50
40 | 448 | 422 | 339 | 468 | 351 6.8 252 | 035 89 | 90 | o067 o | -190 | 50
50 6.14 | 629 | 412 | 671 | 557 6.9 250 | 035 94 | 89 0.67 o | -186 | 50
60 777 | 700 | 502 | 852 | 9.54 7.0 254 0.3 90 | 8 | o068 0 | -185 | 50
70 904 | 860 | 658 | 1006 | 1098 638 252 0.3 92 | 8 | 067 0o | -193 | 50
80 | 1104 | 993 | 816 | 1225 | 1576 6.5 256 | 025 -102 | 89 | o067 0o | -200 | 50
90 | 1348 | 1231 | 928 | 1461 | 21.78 6.5 250 | 025 -105 | 88 0.67 0o | -203 | 50
100 | 1465 | 13.92 | 1113 | 1536 | 2622 6.5 248 | 025 106 | 89 | o0.67 0o | 200 | 50
110 | 1665 | 1824 | 13.72 | 20.74 | 31.45 6.4 248 | 025 -105 | 88 0.67 0o | -191 | 50
120 | 1888 | 24.86 | 1621 | 24.04 | 3555 64 254 | 025 -105 | 88 | ‘0.66 0o | -192 | 50
122 | 2099 | 3126 | 2099 | 31.26 | 38.14 6.4 254 | 025 98 | 88 0.66 o | -189 | so0
o & g o
L’mﬂumimmum 122 HIN
AINAINY 0.183 KW-hr

v

2 :’ o :’ g o LY = LY o_ o o '
MU : msleS et lumsiniugsiatussiinadunar lumsiniwdwdazdeon

=} ¥

¥ (o YA 3 9 o ¥ g 2 ¥ oA Y (a
45 2lUS e sinunaes ldnar lumsiniwtsuu Wuau faenlgdsuas

v 3
] =

o

Aoz lluuannin

S g < k4 o & &
¥ 100 ce. ipaninseauiuddivunadn uazdr191i1 100 cc. anTumsviniuas




Vv ] v
153a511 100 cc Fr9na1eTuiawD 50 Hz

RGN 1221 U, naauga : 14.23 U,

J5wasih Vi) = 100 cc
Qquﬁﬁn’éné{u (Tg) = 24.7 °C
gamgiimeludes (T,,,) = 24 °C
QUUNINMEUBNTBY (T ) = 33.8 °C

ms1an 4.2 nanlugrnaisiunaaesaud 50 Hz

75

1al AT e ﬁ"gﬁ'nsqm?; 3 ‘Yg]iﬂii;ﬂﬁ 1 WEM , | aam | A
(i) mm. (4 High) (39 Low) Te#h om il #
o aody | Tou

X1 x2 | x3 X4 | X5 (kg}’s (;1‘(3:) kg"l 3'1 watt | RITU gy | B

em?) | CO @) 0
0 - - - - - 3.6 - 3.40 - 1o | o7 | 243 | - 50
10 - - - - - 72 240 | 0.60 55 097 | nes | 165 | -177 | 50
20 - - - - - 7.0 248 | 038 92 o1 | 068 | 50 | 202 | 50
30 | 215 | 228 | 237 | 394 | 127 6.7 242 | 035 92 | 89 | 067 o | -197 | 50
40 | 448 | 422 | 339 | 468 | 351 6.8 252 | 035 89 | % | o067 o | -190 | 50
50 | 614 | 620 | 412 | 671 | 557 6.9 250 | 035 94 | 89 | 067 o | -186 | 50
60 | 7.77 | 700 | 502 | 852 | 9.54 7.0 25.4 03 90 | 89 | 0.68 o | -185 | 50
70 | 904 | 860 | 658 | 10.06 | 10.98 6.8 252 03 92 | 89 | 067 o | -193 | 50
80 | 1104 | 993 | 8.16 | 1225 | 15.76 6.5 256 | 025 | -102 | 89 | 067 o | 200 | 50
90 | 1348 | 1231 | 928 | 1461 | 21.78 6.5 250 1 025 | -105 | 89 | 067 0 | 203 | 50
100 | 1465 | 1392 | 1113 | 1536 | 26.22 6.5 248 | 025 | -106 | 8 | 067 o | 200 | 50
110 | 16.65 | 1824 | 13.72 | 20.74 | 31.45 6.4 248 | 025 | -l05 | 88 | 067 o | -190 | 50
120 | 1888 | 24.86 | 1621 | 24.04 | 35.55 6.4 254 | 025 -105 | 88 | 0.66 o | -192 | s0
123 | 2099 | 3126 | 2099 | 31.26 | 38.14 6.4 254 | 025 97 | 88 | 066 o | -189 | 50
v
pantumsviniwds 123 U

AR 0.184 kW-hr
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= :’ [ =4 H
US1m5in 100 cc FIUBU ANND 50 Hz

a3 19114, nmauga : 21121,
U5nastih V) = 100 cc
qmwgﬁifn‘énﬁ'u (Tg) = 24.5 °C
gangiinieludos (T,,n,) = 23.4 °C
gUNQINOUBNHBA (Typen) = 27 °C

~ 1 =] = Py
MAINN 4.3 L')ﬂ'lclu‘]i')\'iwuﬂﬂﬂf’)ﬁﬂﬂ'l'lﬂﬂ 50 Hz

1 ATy eati ’J’g%’nsqaﬁ 3 ’J’gi‘i’ﬂﬁ_ﬂﬁ 1 NaWWm , | gam | A
(i) mm. (A High) (37 Low) Tlih bk gii o
cO « | flou
nady
X1 | x2 | x3 | X4 | X5 (kg;’s (}‘é ) kgpl Ty | wart | nssua du | ®
cm?) ¥ | CO @A) €0
0 - - - - - 36 - 3.40 - 1 | 072 | 243 - 50
10 - - - - - 72 240 | 060 5.5 | 96 068 | 165 | -17.7 | 50
20 - - - - - 7.0 248 | 038 92 | 91 068 | 50 | -202 | 50
30 215 | 228 | 237 | 394 | 127 6.7 242 | 035 92 | 9 | 067 0o | -197 | 50
40 | 448 | 422 | 339 | 468 | 351 6.8 252 | 035 -89 | 90 | 067 0o | -190 | 50
so0 | 614 | 620 | 412 | 671 | 557 69 250 | 035 94 | 89 | 067 0o | -186 | 50
60 7.77 | 700 | 502 | 852 | 9.54 7.0 25.4 03 90 | 8 | 068 0o | -185 | 50
70 904 | 860 | 6.58 | 10.06 | 10.98 6.8 252 03 92 | 89 | 067 0 | -193 | 50
80 | 11.04 | 993 | 816 | 1225 | 1576 6.5 256 | 025 -102 | 8 | 067 0o | 200 | 50
90 | 13.48 | 1231 | 928 | 1461 | 21.78 6.5 250 | 025 105 | 88 | 067 0 | 203 | 50
100 | 1465 | 1392 | 1113 | 1536 | 2622 6.5 248 | 025 -106 | 8 | 067 0 | 200 | 50
110 | 1665 | 1824 | 13.72 | 20.74 | 31.45 6.4 248 | 025 -105 | 89 | 0.67 0 | -191 | 50
120 | 18.88 | 2486 | 1621 | 24.04 | 3555 6.4 254 | 025 -105 | 89 | 0.66 0 | -192 | 50
121 | 2099 | 31.26 | 2099 | 3126 | 38.14 6.4 254 | 025 -100 | 88 | 066 0 | -189 | 50
¥
nalumeiniuds 121 W

AINAINY 0.183 KW-hr
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e FANANTU

40 re— N
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sin 4.6 A5 TN AIMIHATITU YD IARLTNIMANARDS

A [~ VoA ] - FY ;’f ar d' 9 °
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:l g At 9 A ar aq Y o :’ == 1 t s o A
gt indneenunn uaznan I lumsini e lduanaaiuanin As
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a1 Idndeaulumsiinig 0.183 kW-hr l¥a1 122 um
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grananeTy Idwdsnulumsiniute - 0184 kW-hr 19¥a1 123 um
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g endsaulunisviiius 0.183 kW-hr 1#a1 121 um
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4.6 YUADUMINAABIIUNIUN 2
:;‘ & o Y o
1. Yumoumsnaasunilouiude 1 lunsaii 1
[ a B o :’ Y o =) 4 =Y
2. Sagamgiinoludes uazgamgiivonilaslimesluliines uazaunuguUnQl
4 o a ¥ 1 a 3’ =3
melufedliasilaomsSueamgiiveswns i 24 o drugungiiveniiazaivauld
P - S o o < yw ¥ Vet =
asfwaetulaninhnenuia 3 ludedditgungiitssune 24-c
g - L") ol
3. duneumsnaasunilounude 3 lunsain 1
A o o s 4 a 4 4
4. Guvamaneass Tasmmsdiuanudussdunesinesanauiiu 50 He, 45 He, 40
o w P o P a s Y ' o o
Hz, 35Hz awddy Tasiiaunsadiunimavesdunefines 18 lasmsvyutjuliunnud
] [ v 1 3/
Taolddedegilft 47 TaslunmsivaanmudiusnesulSuaaiiegamgiivenhnaninn
a (= A a4 22 d < 5 4 &
gangiilnAuman 0°c wiadlersufivzidouaniuzanveunad ldiluveandariuies
] v 1 d v
yaziimIsmaaNuAungan 1 uaz 3 ¥033p3ns Taeswnnnadnieas aguugin
4 v o o = v W 1 1
17 1 uay 3 veeipdns lavldgunsaliaguugiinuududd (Thermocouple)  UAZOILM
[ o da 4 o o 1t o d
wdsaniihendadined (WattMeter)  lassezimaifiuiiaduaznszualugn 9

o o & o 9 o
10 u'l‘V]LWﬂu'lll'l‘Vnﬂ'liWﬁ@Glﬂ'i'l‘V‘l mﬂJf)uﬂU‘ilﬁ)4‘116<1ﬂ'li1’lﬂﬁf)ﬂuﬂimﬂ 1

(M) V)

g1t 4.7 (M YFuadvesdunesinoi i 45 He

ar H a I'd H
() Y3unnudvesdunosaos 117 40 Hz

3 ) =) o Y 2y
5. YUADUNTNAADUNUDUNUUD 5 chlﬂiﬁu‘ﬂ 1
3

- o 9 2y
6. YUADUMITNATDUNNDUNUUD 6 1uﬂ5ﬁu1’l 1



4.7 HaMINAABINTHN 2

v t
nsal 2 USu195111 100 cc A1XD 50 Hz

14
YFuasih (vy) =

100

o : a 9/
gUUUUUINAU (T) = 24.3
gaungineluies (T ) = 23.6
QUNDIMOUBNTDS (T, 00 = 27.9

cC

°C

°C

°C
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M5197 4.4 USuANUDN 50 Hz
“nan E———T i“g'ﬂ”nsqaﬁ 3 d"gi?nsqnﬁl Wi T v | AW
(i) mm. (3@ High) (A Low) Tnth n ofi G
€O nedy | Tov
Xt | x2 | x3 | x4 | x5 (kg;% (?é) kgpl '01“1 watt | pszua T
em?) ¥ | CO " 0
0 - - - - - 3.6 - 3.40 . 109 | 072 | 243} - 50
10 - - - - - 72 240 | 060 55 | 96 | o068 | 165 | -177 | 50
20 - - - - - 7.0 248 | 038 92 | 90 | 068 | 50 | 202 | 50
30 | 215 | 228 | 237 | 394 | 127 6.7 22 | 035 92 | 90 | 067 0 | -197 | s0
40 | 448 | 422 | 339 | 468 | 351 6.8 252 | 035 89 | 90 | 067 o | -190 | s0
so | 614 | 629 | 412 | 671 | 557 6.9 250 | 035 94 | 89 | 067 o | -186 | 50
60 | 7.77 | 700 | 502 | 852 | 9.54 7.0 254 | 03 90 | 89 | 068 0 { -185 | 50
70 | 9.04 | 860 | 658 | 10.06 | 10.98 6.8 25.2 03 92 | 89 | 067 0o | -193 | s0
80 | 11.04 | 993 | 816 | 1225 | 1576 6.5 256 | 025 | -102 | 8 | o067 0o | 200 | s0
90 | 1348 | 1231 | 928 | 1461 | 21.78 6.5 250 | 025 | -105 | 88 | 0.67 0o | 203 s0
100 | 1465 | 1392 | 1113 | 1536 | 2622 6.5 248 | 025 | -106 | 8 | 067 0 | -200 | 50
110 | 1665 | 1824 | 1372 | 2074 | 31.45 6.4 248 | 025 | -105 | 88 | 067 o | -191 | s0
120 | 1888 | 24.86 | 1621 | 2404 | 3555 6.4 254 | 025 | -105 | 8 | 066 0 | -192 | 50
122 | 2099 | 3126 | 2099 | 3126 | 38.14 6.4 254 | 025 99 | 88 | 066 o | -189 | s0
v
palumsiniuds 122 U
AMWAINY 0.183 kW-hr

a :’ o oy O 1Y 1Y o : < t Y
NI : mslFlsnanihlumsiniwdsnannueinadunar lumsiniudsunaznou

A Y gy @ J 4 a ¥ o o a g Y A A Y (a
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14 H v v []
US1asii1 100 cc Y5un1nd 45 Hz TasSualSuaaanudaslugeithiigumgil 0°C

M5191 4.5 USuanuan 45 Hz

PUNNUUL

Pl

b
dSaai (vg,) =

E4
a o

U

a v
SUAU (Ty) =

a 9
angimelunes (T,u,) =

QNN BUONHOI (T, ) =

100

24.5

23.8

28.3

cc

°C

°C

°C

80

i
o g
AU HIVDIUTUN

nan 5”;]%51;91‘7; 3 ﬁ";ﬁnsqaﬁ 1 WA T+ qum | AW
(1) mm. (9@ High) (2@ Low) Tol#h w gﬁ an
0 nody | Tou
X1 X2 | x3 X4 | Xs (kg;’s ) (3‘(3:) (kg*/’1 | (;1'(1:) watt | nszue g |
cm? cm? (A) oo
0 - - - - - 3.5 - 33 - 108 | o7 | 245 | - 50
10 - . - - - 6.8 240 | 05 55 | 95 | 070 | 170 | -17.7 | 50
20 - - - - - 6.5 248 | 03 106 | 88 | 070 | 40 | 202 | 50
30 | 33 | 178 | 200 | 285 | 101 6.4 22| 03 95 | 84 | o068 o | 197 45 |
4 | 520 | 395 | 335 | 571 | 355 6.4 252 | 03 82 | 8 | 068 o | -190 | 45
50 | 714 | 534 | 435 | 708 | 641 6.4 250 | 03 94 | 83 | o068 0o | -186 | 45
60 | 852 | 720 | 602 | 829 | 9.03 6.4 254 | 03 90 | 8 | 068 o | -185 | 45
20 | 943 | 895 | 714 | 967 | 1143 6.4 252 | 03 98 | 8 | 068 o | -193 | 45
80 | 1047 | 11.03 | 804 | 1220 | 1467 6.4 256 | 03 88 | 8 | 068 o | 200 | 45
90 | 1248 | 1213 | 1030 | 1341 | 21.67 6.4 250 | 03 95 | 83 | 068 o | 203 | 45
100 | 1407 | 1441 | 1113 | 1500 | 2521 6.4 248 | 03 86 | 82 | 068 0o | 200 | 45
110 | 1572 | 1701 | 1368 | 19.08 | 3045 6.4 248 | 03 87 | 82 | 068 o | -190 | 45
120 | 1866 | 2396 | 1598 | 21.54 | 35.12 6.4 254 | 03 84 | 82 | 068 o | -192 | 45
126 | 2099 | 3126 | 2099 | 31.26 | 38.14 6.4 254 | 03 86 | 82 | 068 o | -189 | 45
v
panlumsvimiwds 126 WA
AWAINY 0.185 kW-hr




a k4 o | A e 4 v 4
USasii 100 cc Yunnud 40 Hz Tesisulsvannnuoaslugian

Hd
dsnasti (vy,) =

¥

Wligaungdl 0°C

81

100 cc
ad Ay
guuQUUUIIAY (T) = 25 °C
gangiinieluies (T, = 23.6 °C
QUUYINOUBNTBY (T, pen) = 28.1 °C
15190 4.6 USuANUDT 40 Hz
1an ammnveni i";]ﬁ'nsw_ﬂﬁ 3 ’J'giniqaﬁ 1 LG , | gum | Mw
i) mm. (27 High) (37 Low) Tth el fii B
Qe < | flou
fivay
X1 x | x3 X4 X5 (kgj’a ) (°Té-) (kgj)l ) (;l"é) watt | naze du | T
cm? cm? (A) G
0 - - - - - 3.6 - 3.35 - 111 0.71 24.5 - 50
10 - - - - - 7 252 0.55 -7.5 91 0.69 16.0 -15.1 50
20 - - - - - 6.6 252 0.4 -10.4 89 0.68 6.0 -19.1 50
30 3.61 2.27 1.82 441 0.94 6.5 248 0.4 -8.8 85 0.68 0 . -‘18.7 40
40 5.37 4.15 322 6.64 3.13 6.5 248 0.4 -8.6 79 0.68 0 -17.7 40
50 6.50 5.92 493 8.58 591 6.5 248 0.4 -8.7 79 0.68 0 -16.7 40
60 1.79 6.45 5.82 9.11 8.83 6.5 254 0.4 -8.4 80 0.68 0 -17.3 40
70 8.89 8.11 6.94 9.94 10.63 6.5 24.6 0.4 -9.0 79 0.68 0 -16.9 40
80 10.02 9.89 7.92 11.19 13.88 6.5 24.6 0.4 -8.0 79 0.68 0 -17.4 40
90 11.57 11.72 8.64 12.88 19.67 6.5 24.6 0.4 -8.7 79 0.68 0 -17.6 40
100 1421 13.35 9.97 14.99 23.23 6.4 242 0.4 -8.9 79 0.68 0 -17.7 40
110 15.52 16.22 12.21 17.26 28.65 6.4 24.6 0.4 -8.7 78 0.68 0 -17.4 40
120 17.54 21.34 15.78 20.33 31.19 6.4 248 0.4 -84 77 0.67 0 -17.6 40
128 20.99 31.26 20.99 31.26 38.14 6.4 24.8 0.4 -8.5 77 0.67 0 - -17.8 40
’
nanlumsduiu®s 128 W
ATNAINU 0.180 kW-hr




a :‘ s d' Q' s d‘ 1 d‘ o A (S
US1msiin 100 cc YSuANA 35 Hz TassudlSuaaanunasiugieithilgaumqu 0°c

b4
YSunasi (Vi) = 100 ce
v 1
gaungihiusuAY (Tg) = 25 °C
[=Y 9 °
gangiineluvie (T,,,) = 23.6 C
aUNQINEUBNT DL (T p0n) = 28.1 °C

[
S

M15191 4.7 USuanudn 35 Hz

82

1l O e ‘Ygi‘)"nﬂ_ﬂ'?i 3 d"gﬁnsqnﬁ 1 WA T2 quv | AMY
(i) mm. (9 High) (37 Low) Tnivh om oi | R
€O nedy | Deu
xt | x| x3 | x4 | x5 (kg;’z (;fé) kgpl Ty | wat | nszun Bu | "
em2) | CO ) €0
0 - - - - - 3.6 - 3.35 - 106 | 070 | 25 - 50
10 - - - - - 7 252 1 055 <17 | 91 070 | 170 | -151 | 50
20 - - - . - 6.6 25.2 0.4 87 | 89 069 | 55 | -17.7 | 50
30 | 351 |217 |18 |34 0.94 6.5 24.8 0.4 86 | 76 0.68 0o | -187 | 35
40 | 537 | 415 |322 | 547 213 6.5 24.8 0.4 85 | 73 0.67 0o | -17.7 | 35
50 1650 | 592 |49 | 858 4.91 6.4 24.8 0.4 87 | T3 0.67 0 | -191 | 35
60 | 779 | 645 | 582 |91l 7.81 6.2 254 | 045 84 | 73 0.67 0o | -173 ] 35
70 | 889 |81l | 694 |9.94 9.64 6.2 246 | 045 90 | 74 0.66 0 | -169 | 35
80 | 1002 | 989 | 792 | 1119 | 12.84 6.2 246 | 045 80 | 73 0.66 0 | -174 | 35
90 | 1157 | 1.72 | 864 | 1288 | 19.67 62 246 | 045 87 | 73 0.66 0 | -17.6| 35
100 | 1421 | 1335 | 997 | 1499 | 2323 6.2 24.2 0.5 89 | 73 0.66 -17.7 | 35
110 | 1552 | 1622 | 1221 | 1650 | 28.65 6.2 24.6 0.5 87 | 73 0.66 0 | -174 | 35
120 | 17.54 | 2134 | 1578 | 1938 | 30.19 6.2 24.8 0.5 84 | 73 0.66 0 | -176 | 35
130 | 18.09 | 2446 | 1678 | 21.57 | 33.65 6.2 24.8 0.5 85 | 73 0.6 0o | -17.8 | 35
140 | 1899 | 27.56 | 18.88 | 2523 | 35.89 6.2 24.6 0.5 87 | 73 0.66 o | -17.7 | 35
144 | 2099 | 3126 | 2099 | 3126 | 38.14 6.2 242 0.5 89 | 73 0.66 0 | -169 | 35
v
partumsiniuds 144 W

AN 0.194 KW-hr
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aslnaasmndanuildlusazysanudnliuanasnas 5 Hz
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b4
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97l

a Y w o o & Y -

a1 50 Hz lewdenulumsviniwds 0183 kw-hr ldian 122 win

~ 9 ° :‘ =4 Y =]

A 45 Hz 19wdenulumsviniuds 0185 kW-hr la1aa1 126 UM

d' Y @ ) o o & Y o

Ay 40 Hz 9wdanulumsviniwds 0180 kW-hr laaa1 128 U

Py 9w o uy <1 9/ =3

aud 35 Hz 19wasnulumsvinihuds 0194 kw-hr 181 144 U

=4 v oA - 9 o o :’ [~ P 1q 9 - Voo ~

s uianud 40 Hz Iwdnulumsviihuisdesigaualdnannnnitnnnun 50 Hz
] @ =N a 4 o 4 v { {
ag 6 11#t unzldndsnuanasnUni 0.003 Aaduiefidudld 1.64 % Wedsuduinnud

50 Hz

o

aytlmamanaasdlunsaimn 2
[~4 v A o a = 1 s a :’ g a ° Y
nnmsnaaeszmuIuias vhmsdfvaannudas  Tuseiiadudsdinaily

4y L v o w d o

waremildannld Teefianud 40 Hz ldmdsnudeshgauazannsolsendanasanu
v A a < ' da o o & ' 4 o
8 1.64% dedeufuanud 50 Hz uananlslun1siiduiannni e 50 Hz a9

v
I=3

1 t a 4 < 1 e
TieaaglIdhiinnwd 40 Hz Wumidhiqe
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Up= — = ooy = 19493

Reor1A1 0.0513

waznaunsh (3.4) 1@

Qxl = Uy (Tw — Tr) Ay W
Qx1 = 368.421 x 23.845 X 107*

Q,, = 0.878 W

P Y o

N X,=3126%x10"3m, A;=16.011X 104 m? wisanmsmumanuiouldad

Npaunsh 3.7) 1wld
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ARpop = 416.69 x 107 + 22222
218
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Reor1Az 0.0560
waznaunsn G.4) wwld
sz = Uz(Tw - TF) A, W

Oy, = 337.449 x 16.011 x 107*
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4
gufumsamanuieusweela
Qe = Qel + QeZ + QeS + Qe4 + QeS
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Y 3 A
nanuauTAvesneums a3 (1nA1318# 3.1) 914 V=2.96 cm” Uz N = 2850 rpm wld
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 bar = 1.01968 kg/em®, P, =0.6 kg/cm’ #1/aar1id8 0.588 bar

1 atm = 1.01325 bar,

P, =0.588 + 1.01325

1 bar = 10’ Pa, P =1.602bar=0.1602 MPa U8z T,=-5.5°C
= y A
M15194N 4.9 R-134a 79UUYIA
Temp v h s v h s
c) m’/kg K/kg KkgK m’/kg K/kg KikgXK
0.15MPa 0.20MPa
-10 0.13603 393.839 | 176058 | 0.10013 | 392338 | 1.73276
0 0.14222 | 402.187 | 179171 0.10501 | 400.911 1.76474
fAT,=-5.5°C M v # 0.15 MPa Whil
v = 014222 — (0.14222—0.1?203)X(S.S—O) — 0.1388
fAT,=-5.5°C M v #i 0.20 MPa 1
. —0. 5.5~
Y = 0.10501 — (0.10501-0.10013)X(5.5-0) _ 0.1023

10
fT,=-55°C M V ¥ 0.1602 MPa i1y

(0.1388-0.1023 )x(0.1602—0.15)

v =0.1309 —
0.05
v = 0.1234 m'/kg
npaumsn (3.9) 1l
050616
T 01234
= 3.646 - kg/hr

snaunnganawdanhaild ) ldlumseii 49
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mnfmmsﬁ (3.8)
Q= m (h; —hs) KJ/hr

4 v o o o o < o o
Taoit b uaz b, mldnnmsdlansunes lulanindvesmsinnuu R-134a Al
w1 b, 1dnnmsidlanuss R-134a foudewn iiosninlugain 1 msihnndue
¥ t N H .
Ao aruaneufiazdinoumsaed 1AM 4.8 finat 10 it iginsyad 114
F ¥
P,=0.6 kg/om’ WAz T, =-5.5°C fieanafiuanudunidaiudesandndsanudu
v
Y55e1Met9z 1A
1 bar = 1.01968 kg/ern’, P, =0.6 kgfcm’ ui/aan1iag 0.588 bar
latm=101325bar, P, =0.588+1.01325
1 bar = 10° Pa, P, = 1.602 bar = 0.1602 MPa  uag T,=-5.5°C
11NA13199 4.9

1
=

fIT,=-5.5°C 1 h, #i 0.15 MPa 1Ay

.187—393.83 5—
h, = 402.187 — S22 9)xG579)  397.596

fiT,=-5.5°C 1 b, 71 0.20 MPa AL

(400.911-392.338 )x (5.5—0)
10

h; = 400911 — =396.196

fT,=-5.5° v b, A 0.1602 MPa Wiy

(397.596—396.196 )x(0.1602—0.15)
0.05

h, = 396.196 —

h, = 397.015 k/kg
o A o oA d' ° = o
w1 b, 18nnmsilaniusa R-134a Bud diesninlugai 3 msmhanubuznaeuves
9 . T - 1 '
Maranuaneufitsdn TEV 1nmsedi 48 fnartowi Spinsgeni 1 18 pi=72
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| bar = 1.01968 kg/em’, P,=7.2 kg/em’ Uilaan1idg 7.061 bar

1 atm = 1.01325 bar, P, =7.061+ 1.01325

1 bar= 10° Pa, P, =8.0743 bar = 0.80743 MPa  uag T,=24°C
A13197 4.10 R-134a DU?
Abs. Enthalpy
Press. kl/kg
(MPa) Sat. Liquid . Evap. Sat. Vapor
P h; h, h,
0.7710 389.790 323.285 428.305
0.8876 398.103 318.415 429.110

M1 h 7710 MPa 9 Sat. Liquid 11111

w

=

# 0.
1 h, ¥ 0.8876 MPa 7 Sat. Liquid 1M1
M0

W1 b, # 0.80743 MPa 7 Sat. Liquid 3214

hs

396.196 —

(397.596—396.196 )x(0.1602—0.15)

h; = 392.015 klkg

NAUNITN 3.8) N m = 3.646 32 1A

QL = 3.646(397.015 — 392.015)
QL= 15211
QL= 4.225

¥ [ T
Auguiinaranawdninild hlaluasieh 49

0.05

k¥/hr
w




96

3 @ ' o o <
(mi]\ﬂdl 4.11 l‘l_ﬁﬂ°lJLﬁU‘UE]ﬂi'lﬂ'liﬂ'lﬂl‘l’lﬂ')'lll%ﬂﬂﬂ“l]ﬂ')'m’CT'liJ'liﬂcl‘Llﬂ'li‘V]'lﬂ')'lllLfJu11?)\1

Ipinseinnisnanedd 4.8

nan Qx QL m
() W) , W) (kg/hr)
10 8.697 4225 3.646
20 6.408 4.258 3.635
30 4.888 4.301 3.653
40 4.687 4,238 3.698
50 4514 4311 3.704
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1= v
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a m I, N, ANYE f
() (kg/hr) (kg/hr) (rpm) (Hz)
10 3.646 3.646 2850 50
20 3.635 3.635 2850 50
30 3.653 3.653 2850 50
40 3.698 3.698 2850 50
50 3.704 3.704 2850 50
60 3.679 3.679 2850 50
70 3.649 3.649 2850 50
80 3.623 3.533 2780 48.76
90 3.654 3.496 2727 47.84
100 3.658 3.397 - 2647 46.43
110 3.644 3.305 2585 45.35
120 3.639 3.234 2533 44.43
122 3.641 3.148 2465 43.24
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nan DU nfSvuieusasins Tvavesas WA A
@ mm. fanusuRuuaz lnunaz vl flou
) anuirsouneumsmes lni Hz
xt | x| x3 X4 X5 m iy N, watt | nIsud
(kg/mr) | kefh) (rpm) (a)
0 - - - - - - - - 108 | 072 50
10 - - - - - 3646 | 3.646| 2850 96 0.68 50
20 - - - - - 3635 | 3.635| 2850 90 0.68 50
30 | 223 | 226 | 233 | 3.74 117 3653 | 3.653{ 2850 90 0.67 50
40 | 451 | 414 | 340 | 461 3.54 3698 | 3.698| 2850 90 0.67 50
so | 653 | 634 | 425 | 642 5.63 3704 | 3.704| 2850 89 0.67 50
6 | 789 | 712 | s 8.68 9.64 3679 | 3.679| 2850 89 0.68 50
70 | 904 | 866 | 671 | 1016 | 10.98 3649 | 3649| 2850 88 0.67 50
80 | 1047 | 1103 | 804 | 1220 | 1467 3.623 3533 2780 87 0.68 48.76
90 | 1248 | 1213 | 1030 | 1341 | 2167 3.654 3.496| 2727 86 0.68 47.84
100 | 1407 | 1441 | 1113 | 1509 | 2521 3.658 3397| 2647 84 068 46.43
110 | 1572 | 1701 | 1368 | 19.08 | 30.45 3.644 3305| 2585 82 0.68 4535
120 | 1866 | 23.96 | 1598 | 2154 | 3512 3.639 3234) 2533 82 0.68 44.43
21 | 2099 | 3126 | 2099 | 3126 | 3814 3.641 3.148| 2465 82 0.67 4324
v
panlumsiniuds 121 N
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{Temp, g, Speeific Volume Eathalpy Enveopy
Liguid Vapour am =

oy X W Yy by By ky ¥ % Sy
O (s (mkg (Wi (kg (klkgK)
36 9119 859  .0222 25041 173.92 24233 11738 5626 1.7364
38 9637 865 0210 25341 171.85 425,26 1.1834 .5523 17357
A0 10.167. 871 G199 25643 169.74 42617 11930 5420 1.7350
42 10123 878 L0188 25045 167.58 422.07 1.2026 5317 17343
44 11302 B85 0177 262356 16538 477.94 12122 5214 17336
46 11904 .B92 D168 26567  163.12 428,79 1.2218 St 1732
48 2530 899 " 0159 268,80 160.81 4296 1.2314 8007 1732
150 13180 906 0150 27197 158.43 43040 12410 4903 17312
$2° 13854 914 0142 27517 1S5.00 43117 1.2506 4798 L7304
54 . [4.555  .522 0134 27841 S350 43191 12603 4692 1.7295
56 15282 .93F D127 28168 S04 43151 12699 4383 17285
S8 16036 940 0120 28499 [48.29 433128 12796 4478 1734
60 F6RLT . 949 0114 28834 14557 43391 12893 4369 1.7243
62 17.627 959 0108 79174 142,76 43450 12991 4260 1.7250
64 IB466 959 0102 29515 139.86 43505 13089 4148 L7237
66 19336 979 0097 298.68 13686 43554 13187 4035 L7222
68 20235 991 0091 30223 13374 43599 13286 3920 1.7206
70 43635 1.3386 3803
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Table-B.8, PC Model, R—134a Superheated Vapor Table

thermofluids.net > Da

l g Homa: gf
_] SI Umts

El Engllsh Umts

Superheated refrlgefant 1343 ‘

ons > Basics > Tables > R-134a

kkg  klkg

v | u . h s
0.31003 206.12 22472 0.9520
0.33536 217.86 237.98 1.0062
0.34992 22497 24596 1.0371
0.36433 23224 254.10 1.0675
0.37861 239.69 262.41 1.0973
0.39279 247.32 270.89 1.1267
0.40688 255.12 279.53 1.1557
0.42091 263.10 288.35 1.1844
0.43487 271.25 297.34 1.2126
0.44879 279.58 306.51 1.2405
0.46266 288.08 315.84 1.2681
0.47650 296.75 325.34 1.2954
0.49031 3(55.58 335.00 1.3224

. P= 0.18 MPa (7Tsar = -12.73°C)

v Soou h s
0.10983 219.94 239.71 0.9273
0.11135 222.02 242.06 0.9362
0.11678 229.67 250.69
0.12207 237.44 259.41
0.12723 24533 268.23
0.13230 253.36 277.17
0.13730 261.53 286.24
0.14222 269.85 295.45
0.14710 278.31 304.79
0.15193 286.93 314.28
0.15672 295.71 323.92
0.16148 304.63 333.70 1.2303
0.16622 313.72 343.63 1.2573
P =0.28 MPa (Tsat = -1.23°C)

0.9998
1.0304
1.0604
1.0898
1.1187
1.1472
11783
1.2030

v  u h s

0.07193 226.38 246.52 0.9197

0.0724 227.37 247.64 0.9238
0.07613 235.44 256.76 0.9566
0.07972 24359 26591 0.9883
0.08320 251.83 275.12 1.0192

0.0866 260.17 284.42 1.0494
0.08992 . 268.64 °293.81,,1.0789
0.09319” 277.23. 303.32, 1.1079
0.09641 28596 31295 1.1364

0.09960 294.82 32271 1.1644
N 40976 22 22 AW EO0 1 1070

kiikg.K m’lkg
P = 0.06 MPa (Tsa¢ = -37.07°C)

0.9684

kfkg  kdlkg

v u h s
0.19170 212.18 231.35 0.9395
019770 216.77 236.54 0.9602
0.20686 224.01 24470 0.9918
021587 231.41 25299 1.0227
0.22473 238.96 261.43 1.0531
0.23349 246.67 270.02 1.0829
0.24216 25454 278.76 1.1122
025076 262.58 287.66 1.1411
0.25930 270.79 296.72 1.1696
026779 279.16 305.94 1.1977
0.27623 287.70 315.32 1.2254
0.28464 296.40 324.87 1.2528
0.29302 305.27 33457 1.2799

_P=0.20 MPa (Tsar = -10.09°C)

v u h s
0.09933 221.43 - 241.30 0.9253
0.09938 22150 241.38 0.9256

. 0.10438 229.23 250.10 0.9582
0.10922 237.05 258.89 0.9898
0.11394 24499 267.78 1.0206
0.11856 253.06 276.77 1.0508
0.12311 261.26 285.88 1.0804
0.12758 269.61 295.12 1.1094
0.13201 278.10 304.50 1.1380
0.13639 286.74 314.02 1.1661
0.14073 29553 323.68 1.1939
0.14504 304.47 333.48 12212
0.14932 313.57 34343 1.2483

p= 0.32 MPa (Tsat = 2.48°C)

v u h s
0.06322 228.43 24866 09177
0.06576 23461 255.65 0.9427
0.06901 242.87 264.95 0.9749
0.07214 25119 274.28 1.0062
0.07518 259.61 283.67 1.0367
0.07815 _ 268.14 1 293.15  1.0665
0.08106 276.79 302.72 1.0957
0.08392 ""285.56 312.41 11243
0.08674 294.46 322.22 1.1525

n0N_953 30350 33215 1.1802

kikgK  mPlkg
P =010 MPa (Tsa= -26.43°C)

- 0.21449

- 0.05397

kg kdlkg  kdlkg.K

~ P=0.14 MPa (Tsa¢ = -18.80°C)

v u h s
0.13945 216.52 236.04 0.9322

0.14549
0.15219
0.15875
0.16520
0.17155
0.17783
0.18404
0.19020
0.19633
0.20241
0.20846

223.03
230.55
238.21
246.01
253.96
262.06
270.32
278.74
287.32
296.06

243.40
251.86
260.43
269.13
277.97
286.96
296.09
305.37
314.80
324.39
304.95 334.14 1.2516
314.01 34404 1.2785
P =0.24 MPa (Tsa¢ = -5.37°C)
v u h s

0.08343 224.07 244.09 0.9222

0.9606
0.9922
1.0230
1.0532
1.0828
1.1120
1.1407
1.1690
1.1969
1.2244

0.08574
0.08993
0.09339
0.09794
0.10181
0.10562
0.10937
0.11307
0.11674
0.12037 304.15 333.04 1.2065
0.12398 313.27 343.03 1.2326
P= 040 MPa (Tsat = 8.93°C)

v u h s

0.05089 231.97 252.32 0.9145

228.31
236.26
24430
252.45
260.72
269.12
277.67
286.35
295.18

248.89
257.84
266.85
275.95
285.16
294.47
303.91
313.49
323.19

0.9399
0.9721
1.0034
1.0339
1.0637
1.0930
1.1218
1.1501
1.1780

0.05119 232.87
241.37
249.89
258.47
267.13
275.89
284.75
293.73

302.84

253.35
262.96
272.54
282.14
291.79
301.51
311.32
321.23
331.25

0.9182
0.9515
0.9837
1.0148
1.0452
1.0748
11038
11322
1.1602

0.05662
0.05917
0.06164
0.06405
0.06641
0.06873
0.07102



100
110
120
130
140

20
30
40
50
60
70
80
90

100

110

120

130

140

150

" p=0.80 MPa (Tsa¢ = 31.33 °C)

40
50
60
70
80
90
100
110

120

130
140
150
160
170
180

50
60
70
80
90
100
110
120
130

0.10587 312.98 34262 1.2193
0.10897 322.27 352.78 1.2461

0.11205

\4

0.04086

0.04188
0.04416
0.04633
0.04842
0.05043
0.05240
0.05432
0.05620
0.05805
0.05988
0.06168
0.06347
0.06524

v

0.02547

0.02691
0.02846
0.02992
0.03131
0.03264
0.03393
0.03519
0.03642
0.03762
0.03881
0.03997
0.04113
0.04227
0.04340
0.04452

331.71

235.64

239.40
248.20
256.99
265.83
274.73
283.72
292.80
302.00
311.31
320.74
330.30
339.98
349.79

u
243.78
252.13
261.62
271.04
280.45

289.89

299.37
308.93
318.57
328.31
338.14
348.09
358.16
368.32
378.61
389.02

363.08

h
264.15
273.66
284.39
294.98
305.50

316.00

326.52
337.08
347.71
358.40
369.19
380.07
391.05
402.14
413.33
42463

1.2727

. p=0.5MPa (Tsar=15.74C)

0.9066
0.9374
0.9711
1.0034
1.0345
1.0647
1.0940
1.1227
1.1508
1.1784
1.2055
12321
1.2584
1.2843
1.3008
1.3351

p =1.20 MPa (Tsat = 46.32 °C)

v
0.01663
0.01712
0.01835
0.01947
0.02051
0.02150
0.02244
0.02335
0.02423
0.02508

u
251.03
254.98
265.42
275.59
285.62
295.59
305.54
315.50
325.51
335.58

h
270.99
275.52
287.44
298.96
310.24
321139
33247
343.52
354.58
365.68

s
0.9023
0.9164
0.9527
0.9868
1.0192
1.0503
1.0804
1.1096
1.1381
1.1660

0.09229
0.09503
0.09774

312.68
322.00
331.45

342.21
352.40
362.73

1.1076
1.2345
1.2611

p = 0.60 MPa (Tsa¢ =21.58 C)

v

0.03408

0.03581
0.03774
0.03958
0.04134
0.04304
0.04469
0.04631
0.04790
0.04946
0.05099
0.05251
0.05402
0.05550
005698

u

238.74

246.41
255.45
264.48
273.54
282.66
291.86
301.14
310.53
320.03
329.64
339.38
349.23
359.21
369.32

h

259.19

267.89
278.09
288.23
298.35
308.48
318.67
328.93
339.27
349.70
360.24
370.88
381.64
392.52
40351

S

0.9097

0.9388
0.9719
1.0037
1.0346
1.0645
1.0938
1.1225
1.1505
1.1781
1.2053
1.2320
1.2584
1.2844
1.3100

'p=0.90 MPa (Tsat = 3553 °C)

0.02255
0.02325
0.02472
0.02609
0.02738
0.02861
0.02980
0.03095
0.03207
0.03316
0.03423
0.03529
0.03633
0.03736
0.03838
0.03939

u

245.88

250.32
260.09
269.72
279.30
288.87
298.46
308.11
317.82
327.62
337.52
347.51
357.61
367.82
378.14
388.57

h

266.18

271.25
282.34
293.21
303.94
314.62
325.28
335.96
346.68
357.47
368.33
379.27
390.31
401.44
41268
424.02

s
0.9054
0.9217
0.9566
0.9897
1.0214
1.0521
1.0819
1.1109
1.1392
1.1670
1.1943
1.2211
1.2475
1.2735
1.2992
1.3245

p=1.40 MPa (Tssr = 5243 °C)

v
0.01405

0.01495
0.01603
0.01701
0.01792
0.01878
0.01960
0.02039
0.02115

u
253.74

262.17
272.87
283.29
293.55
303.73
313.88
324.05
334.25

h
273.40

283.10
295.31
307.10
318.63
330.02
341.32
352.59
363.86

s
0.9003

0.9297
0.9658
0.9997
1.0319
1.0628
1.0927
1.1218
1.1501

0.07327
0.07550
0.07771
0.07991
0.08208

312.07
321.44
330.94
340.58
350.35

341.38
351.64
362.03
372.54
383.18

1.1878
1.2149
1.2417
1.2681
1.2941

p = 0.70 MPa (Tsa¢ = 26.72 C)

0.02918

0.02979
0.03157
0.03324
0.03482
0.03634
0.03781
0.03924
0.04064
0.04201
0.04335
0.04468
0.04599
0.04729

0.04857 . 1.
p = 1.00 MPa (Tsat = 39.33 °C)

v

0.02029
0.02171
0.02301
0.02423
0.02538
0.02649
0.02755
0.02858
0.02959
0.03058
0.03154
0.03250
0.03344
0.03436
0.03528

u

241.42

244 .51
253.83
263.08
272.31
281.57
290.88
300.27
309.74
319.31
328.98
338.76
348.66
358.68
368.82

0.02020

247.77
248.39
258.48
268.35
278.11
287.82
297.53
307.27
317.06
326.93
336.88
346.92
357.06
367.31
377.66
388.12

h

261.85

265.37
275.93
286.35
296.69
307.01
317.35
327.74
338.19
348.71
359.33
370.04
380.86
391.79
402,82

h

267.97
268.68
280.19
291.36
302.34
313.20
324.01
334.82
345.65
356.52
367.46
378.46
389.56
400.74
412.02
423.40

0.9080

0.9197
0.9539
0.9867
1.0182
1.0487
1.0784
1.1074
1.1358
1.1637
1.1910
1.2179
1.2444
1.2706

0.9043
0.9066
0.9428
0.9768
1.0093
1.0405
1.0707
1.1000
1.1286
1.1567
1.1841
1.2111
1.2376
1.2638
1.2895
1.3149

p = 1.60 MPa (Tsat = 57.92 °C)

v
0.01208

0.01233
0.01340
0.01435
0:01521
0.01601
0.01677
0.01750
0.01820

u
256.00

258.48
269.89
280.78
291.39
301.84
312.20
322.53
332.87

h
275.33

278.20
291.33
303.74
315.72
327.46
339.04
350.53
361.99

s
0.8982

0.9069
0.9457
0.9813
1.0148
1.0467
1.0773
1.1069
11357



140
150
160
180
180
190

0.02592
0.02674
0.02754
0.02834
0.02912

200

345.73
355.95
366.27
376.69
387.21

376.83
388.04
399.33
410.70
422 .16

1.1933
1.2201
1.2465
1.2724
1.2980

0.02189
0.02262
0.02333
0.02403
0.02472
0.02541

0.02608

344.50
354.82
365.22
375.71
386.29
396.96

A407.73

375.15
386.49
397.89
409.36
420.90
432.53

444.24

11777

1.2048
1.2315
1.2576
1.2834
1.3088

1.3338

0.01887

0.01953
0.02017
0.02080
0.02142
0.02203

0.02263

343.24
353.66
364.15
374.71
385.35
396.08

406.90

373.44
384.91
396.43
407.99
419.62
431.33

4431

1.1638
1.1912
1.2181
1.2445
1.2704
1.2960
13212



Thermal Conductivity

Thermal conductivity is the quantity of heat transmitted through a unit thickness in a
direction normal to a surface of unit area, due to a unit temperature gradient under steady state

conditions.

Therma! conductivity, or heat transfer coefficients, of some common materials and products are
indicated in the table below.

1 Wi(mK) = 1 W/(m°C) = 0.85984 keal/(hr m°C) = 0.5779 Btu/(t hr °F)

Thermal Conductivity - k - (W/mK)
o Temperature fC)
‘Material/Substance ' ' :
' 25 | | 125 225
Acetorje 0.16
Acrylic 0.2
Air 0.024
4 Aicohol 0.17
Aluminum 250 255 250
Aluminum Oxide 30
Ammonia 0.022
Antimony 18.5
Argon 0.016
Asbestos-cement board 0.744
Asbestos-cement sheets 0.166
Asbestos-cement 2.07 _
Asbestos, loosely packed 0.15




Balsa 0.048
Bitumen 0.17
Benzene 0.16
Beryllium 218

Brass 109

Brick dense 1.31
Brick work 0.69
Cadmium 92

Carbon 1.7

Carbon dioxide 0.0146
Cement, portland 0.29
Cement, mortar 1.73
Chaik 0.09
Chrome Nickel Stgel (18% Cr, 16.3
8 % Ni) ’
Clay, dry to moist 0.15-1.8
Clay, saturated 06-2.5
Cobalt 69
Concrete, light 0.42
Concrete, stone 17
Constantan 22




Copper 401 400 398

Corian (ceramic filled) 1.06

Corkboard 0.043

Cork, regranulated 0.044
Cork 0.07

Cotton 0.03

Carbon Steel 54 51 47

Cotton Woo! insulation 0.029
Diatomaceous earth (Sil-o-cel) 0.06
Earth, dry 1.5

Ether 0.14

Epoxy 0.36

Felt insulation 0.04
Fiberglass 0.04

Fiber insulating board 0.048
Fiber hardboard 0.2
Fireclay brick 500°C 1.4

Foam glass 0.045

Freon 12 0.073
Gasoline 0.15




Glass

1.05

Glass, Pearls, dry 0.18
Glass, Pearls, saturated 0.76
Glass, window 0.96
Glass, wool Insulation 0.04
Glycerol 0.28
Gold 310 312 310
Granite 1.7-40
Gypsum or plaster board 0.17
Hairfelt .0.05
Hardboard high density 0.15
Hardwoods (oak, maple..) 0.16
Helium 0.142
Hydrogen 0.168
Ice (0°C, 32°F) 2.18
insulation materials 0.035-0.16
Iridium 147
Iron 80 68 60
Iron, wrought 59
Iron, cast 55




Kapok insulation

0.034

50

Kerosene 0.15
Lead Pb 35
Leather, dry 0.14
Limestone 1.26-1.33
Magnesia insulation (85%) 0.07
Magnesite 415
Magnesium 156
Marble 2.08-2.94
Mercury 8
Methane 0.030
Methanol 0.21
Mica 0.71
Mineral insulation materials, 0.04
wool blankets ..
Molybdenum 138
Monel 26
Nickel 91
Nitrogen 0.024
Nylon 6 ) 0.25
0il, machine lubricating SAE 0.15




Pyrex glass

Olive oil 0.17
Oxygen 0.024
Paper 0.05
Paraffin Wax 0.25
Perlite, atmospheric pressure 0.031
Perlite, vacuum 0.00137
Plaster, gypsum 0.48
Plaster, metal lath 0.47
Piaster, wood lath 0.28
Plastics, foamgd (insulation 0.03
materials)
Plastics, solid
Platinum 70 71 72
Plywood 0.13
Polyethylene HD 0.42-0.51
Polypropylene 0.1-0.22
Polystyrene expanded 0.03
Porcelain 1.5
PTFE 0.25
PVC 0.19
1.005




Quartz mineral

Rock, solid 2-7
Rock, porous volcanic (Tuff) 0.5-2.5
Rock Wool insulation 0.045
Sand, dry 0.15-0.25
Sand, moist 0.25-2
Sand, saturated 2-4
Sandstone 1.7
Sawdust 0.08
Sifica aerogel 0.02
Silicone oil 0.1
Silver 429
Snow (temp < 0°C) 0.05-0.25
Sodium 84
Softwoods (fir, pine ..) 0.12
Soil, with organic matter 0.15-2
Soil, saturated 06-4
Steel, Carbon 1% 43
Stainless Steel 16 17 19
Straw insulation 0.09




Styrofoam 0.033
Tin Sn 67
Zinc Zn 116
Urethane foam 0.021
Vermiculite 0.058
Vinyl ester 0.25
Water 0.58
Water, vapor (steam) 0.016
Wood across Fhe grain, white 012
pine
Wood across the grain, balsa 0.055
Wood across t.he grain, yellow 0147
pine
Wood, oak 0.17
Wool, felt 0.07

1 Wi(m K) = 1 Wi(m® C) = 0.85984 keal/(h m °C) = 0.5779 Btu/(fth °F)

Fun: http://www.engineeringtoolbox.com/thermal-conductivity-d_429.html
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a Choosing a Programming Device

Choosing a Programming Device

Introduction

Hitachi variable frequency drives (inverters) use the latest electronics technology for
getting the right AC waveform to the motor at the right time. The benefits are many,
including energy savings and higher machine output or productivity. The flexibility
required to handle a broad range of applications has required ever more configurable
options and parameters—inverters are now a complex industrial automation component.
And this can make a product seem difficult to use, but the goal of this chapter is to make
this easier for you.

As the powerup test in Chapter 2 demonstrated, you do not have to program very many
parameters to run the motor. In fact, most applications would benefit only from program-
ming just a few, specific parameters. This chapter will explain the purpose of each set of
parameters, and help you choose the ones that are important to your application.

If you are developing a new application for the inverter and a motor, finding the right
parameters to change is mostly an exercise-in optimization. Therefore, it is okay to begin
running the motor with a loosely tuned system. By making specific, individual changes
and observing their effects, you can achieve a finely tuned system.

Introduction to Inverter Programming

The front panel keypad is the first and best way to get to know the inverter’s capabilities.
Every function or programmable parameter is accessible from the keypad. The other
devices simply imitate the keypad’s layout and inverter access, while adding another
valuable aspect to the system. For example, the Copy Unit can transfer one inverter’s
parameter settings to another inverter, while still providing standard operator keypad
control. In this way, you can use a variety of programming devices with basically the
same keypad skills. The following table shows various programming options, the
features unique to each device, and the cables required.

Parameter’ Cables (choose one)
. Part Parameter S -
Deviee Number | Access setting v
u R 5 storage Part number Length
Inverter keypad — Monitor and EEPROM in — —
program inverter
DOP Professional | DOP-PRO Monitor and PC hard drive | (Included with 2 meters
Software (for PC) program or diskette software)
Digital Operator/ | SRW-O0EX Monitor and EEPROM in ICS-1 1 meter
Copy Unit program operator panel 1CS_3 3 meters
Operator Monitor | OPE-J Monitor only | none on ICJ-1L 1 meter
operator
monitor ICJ-3L 3 meters




L100 Inverter

)

Using Keypad Devices

inverter Front Panel Keypad

The L.100 Series inverter front keypad contains all the elements for both monitoring and
programming parameters. The keypad layout is pictured below. All other programming
devices for the inverter have a similar key arrangement and function.

- Power LED

Parameter Display
Run/Stop LED o HITACH Display Units
B om' g Q_,t_',l]m o Hertz / Amperes LEDs

—— Potentiometer Enable LED

Program/Monitor LED 7]

Run Key Enable LED |
T Potentiometer

Run Key

/

Stop/ResetKey ™ o ionkey  Up/Down keys Store key

Key and indicator Legend

Run/Stop LED - ON when the inverter output is ON and the motor is developing
torque (Run Mode), and OFF when the inverter output is OFF (Stop Mode).

Program/Monitor LED - This LED is ON when the inverter is ready for parameter '

editing (Program Mode). It is OFF when the parameter display is monitoring data
(Monitor Mode).

Run Key Enable LED - is ON when the inverter is ready to respond to the Run key,

OFF when the Run key is disabled. ,
Run Key - Press this key to run the motor (the Run Enable LED must be ON first).

Parameter F_04, Keypad Run Key Routing, determines whether the Run key gener-

ates a Run FWD or Run REV command.

Stop/Reset Key - Press this key to stop the motor when it is running (uses the
programmed deceleration rate). This key will also reset an alarm that has tripped.

Potentiometer - Allows an operator to directly set the motor speéd when the potenti-
ometer is enabled for output frequency control.

Potentiometer Enable LED - ON when the potentiometer is enabled for value entry.

Parameter Display - A 4-digit, 7-segment display for parameters and function codes.

Display Units, Hertz/Amperes - One of these LEDs will be ON to indicate the units
associated with the parameter display.

Power LED - This LED is ON when the power input to the inverter is ON.

Function Key - This key is used to navigate through the lists of parameters and
functions for setting and monitoring parameter values.

Up/Down ( A\, \&/ ) Keys - Use these keys alternately to move up or down the lists of
parameter and functions shown in the display, and increment/decrement values.

Store ( (® ) Key - When the unit is in Program Mode and you have edited a parameter
value, press the Store key to write the new value to the EEPROM.
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“ Using Keypad Devices

Keypad Navigational Map

You can use the inverter’s front panel keypad to navigate to any parameter or function.
The diagram below shows the basic navigational map to access these items.

; ‘ —\| NOTE: The inverter 7-segment display shows lower case “b” and “d,” meaning the same
] as the upper case letters “B” and “D” used in this manual (for uniformity “A to F7).

" 22\ NOTE: The Store Key saves the edited parameter (shown in the display) to the inverter’s
' EEPROM. Upload or download of parameters to/from external devices is accomplished
through a different command—do not confuse Store with Download or Upload.
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L100 Inverter

Operational Modes

The RUN and PGM LEDs tell just part of the story;
Run Mode and Program Modes are independent
modes, not opposite modes. In the state diagram to
the right, Run alternates with Stop, and Program
Mode alternates with Monitor Mode. This 1s a very
important ability, for it shows that a technician can
approach a running machine and change some
parameters without shutting down the machine.

The occurrence of a fault during operation will
cause the inverter to enter the Trip Mode as shown.
An event such as an output overload will cause the
inverter to exit the Run Mode and turn OFF its
output to the motor. In the Trip Mode, any request
to run the motor is ignored. You must clear the
error by pressing the Stop/Reset switch. See page
“Monitoring Trip Events, History, & Conditions”
on page 6-5.

Run Mode Edits

edited; a Check mark ¢ means the parameter can be edited. Edit
The Software Lock Setting (parameter B_31) determines when =~ —
the Run Mode access permission is in effect and access B
permission in other conditions, as well. It is the responsibility v
of the user to choose a useful and safe software lock setting for
the inverter operating conditions and personnel. Please refer to
«“§oftware Lock Mode” on page 3—26 for more information.

The inverter can be in Run Mode (inverter output is controlling motor) and still allow Q
you to edit certain parameters. This is useful in applications that must run continuously, g O
yet need some inverter parameter adjustment. ' - g
=h
The parameter tables in this chapter have a column titled “Run T i g «Q
Mode Edit.” An Ex mark X means the parameter cannot be : VM:c?e i 3 g
f

} 4

Control Algorithms

The motor control program in the L100 inverter Control Algorithms
inverter has two PWM sinusoidal switching
algorithms. The intent is that you select the
best algorithm for the motor characteristics
in your application. Both algorithms
generate the frequency output in a unique
way. Once configured, the algorithm is the
basis for other parameter settings as well
(see “Torque Control Algorithms” on

page 3-13). Therefore, choose the best
algorithm early in your application design
process.

Output

able freg. control
duced torque




n “D” Group: Monitoring Functions

“D” Group: Monitoring Functions

Parameter Monitoring Functions

You can access important system parameter values with the “D” Group monitoring
functions, whether the inverter is in Run Mode or Stop Mode. After selecting the
function code number for the parameter you want to monitor, press the Function key
once to show the value on the display. In Functions D_05 and D_06, the intelligent
terminals use individual segments of the display to show ON/OFF status.

If the inverter display is set to monitor a parameter and powerdown occurs, the inverter
stores the present monitor function setting. For your convenience, the display automati-
cally returns to the previously monitored parameter upon the next powerup.

- “]” Function

“Run_ | ‘Réngg‘ '

el Ramel 1 e M
Code| SRWDisplay - | oTRRR 1 by e
D_01 | Output frequency Real-time display of output — 0.0to
monitor frequency to motor, from 0.0 to 360.0 Hz
Fi aama.aoHz | o000 B
D_02 { Output current monitor Filtered display of output — A
Im . EF . e current to motor (100 ms
i k. A <2 | internal filter time constant)
D_03 | Rotation direction Three different indications: — —
monitor “F”..... Forward
- p “ {” .. Stop
Bir STUF )« Reverse

D_04 | Process variable (PV), | Displays the scaled PID — —
PID feedback monitor | process variable (feedback).
value (A_75 is scale factor)

FID-FE GEHH, 0605
D_05 | Intelligent input Displays the state of the intelli- | — —
terminal status gent input terminals:

TERH LLL LLLLLL | = =g 15
I e

000D ] orr

— 3

6 54 32 1
Terminal numbers

D_06 | Intelligent output Displays the state of the intelli- | — —
terminal status gent output terminals:
TERM LLL LLLLLL l]':‘[l [I':‘H ﬂz’l H':‘l ON
10020 0] orr
AL 12 11

Terminal numbers
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E Introduction

Introduction

The previous material in Chapter 3 gave a reference listing of all the programmable
functions of the inverter. We suggest that you first scan through the listing of inverter
functions to gain a general familiarity. This chapter will build on that knowledge in the
following ways:

1. Related functions — Some parameters interact with or depend on the settings in other
functions. This chapter lists “required settings” for a programmable function to serve
as a cross-reference and an aid in showing how functions interact.

2. Intelligent terminals — Some functions rely on an input signal on a control logic
connector terminal, or generate output signals in other cases.

3. Electrical interfaces — This chapter shows how to make connections between the
inverter and other electrical devices.

4. PID Loop Operation — The L100 has a built-in PID loop that calculates the optimal
inverter output frequency to control an external process. This chapter shows the
parameters and input/output terminals associated with PID loop operation.

5. Multiple motors — A single L.100 inverter may be used with two or more motors in
some types of applications. This chapter shows the electrical connections involved in
multiple-motor applications. :

The topics in this chapter can help you decide the features that are important to your
application, and how to use them. The basic installation covered in Chapter 2 concluded
with the powerup test and running the motor. Now, this chapter starts from that point and
shows how to make the inverter part of a larger control or automation system.

Caution Messages for Operating Procedures

A
A

Before continuing, please read the following Caution messages.

CAUTION: The heat sink fins will have a high temperature. Be careful not to touch
them. Otherwise, there is the danger of getting burned.

CAUTION: The operation of the inverter can be easily changed from low speed to high
speed. Be sure check the capability and limitations of the motor and machine before
operating the inverter. Otherwise, it may cause injury to personnel.

CAUTION: If you operate a motor at a frequency higher than the inverter standard
default setting (S0Hz/60Hz), be sure to check the motor and machine specifications with
the respective manufacturer. Only operate the motor at elevated frequencies after getting
their approval. Otherwise, there is the danger of equipment damage.




L100 inverter ‘

Warning Messages for Operating Procedures

> BBk b bbbk

Before continuing, please read the following Warning messages.

WARNING: Be sure to turn ON the input power supply only after closing the front
case. While being energized, be sure not to open the front case. Otherwise, there is the
danger of electric shock.

WARNING: Be sure not to operate electrical equipment with wet hands. Otherwise,
there is the danger of electric shock.

WARNING: While the inverter is energized, be sure not to touch the inverter terminals
even when the motor is stopped. Otherwise, there is the danger of electric shock.

WARNING: If the Retry Mode is selected, the motor may suddenly restart after a trip
stop. Be sure to stop the inverter before approaching the machine (be sure to design the
machine so that safety for personnel is secure even if it restarts.) Otherwise, it may cause
injury to personnel.

WARNING: If the power supply is cut OFF for a short period of time, the inverter may
restart operation after the power supply recovers if the Run command is active. If a
restart may pose danger to personnel, so be sure to use a lock-out circuit so that it will
not restart after power recovery. Otherwise, it may cause injury to personnel.

WARNING: The Stop Key is effective only when the Stop function is enabled. Be sure
to enable the Stop Key separately from the emergency stop. Otherwise, it may cause
injury to personnel.

WARNING: During a trip event, if the alarm reset is applied and the Run command is
present, the inverter will automatically restart. Be sure to apply the alarm reset only after
verifying the Run command is OFF. Otherwise, it may cause injury to personnel.

WARNING: Be sure not to touch the inside of the energized inverter or to put any
conductive object into it. Otherwise, there is a danger of electric shock and/or fire.

WARNING: If power is turned ON when the Run command is already active, the motor
will automatically start and injury may result. Before turning ON the power, confirm that
the RUN command is not present.

WARNING: When the Stop key function is disabled, pressing the Stop key does not
stop the inverter, nor will it reset a trip alarm.

WARNING: Be sure to provide a separate, hard-wired emergency stop switch when the
application warrants it.




4-4

Connecting to PLCs and Other Devices

3
2=
=
ey

[
go
s 2
OC
(4]

Connecting to PLCs and Other Devices

other devices rely on the electrical input/ Other device ) 1100 Inverter
output characteristics at both ends of each Input | signal Output
connection, shown in the diagram to the circuit return circuit -
rlght..The inverter’s inputs require a - Output. signal - ( nput
sourcing output from an external device circuit |l —etum circuit
(such as a PLC). This chapter shows the —
inverter’s internal electrical component(s)
at each I/O terminal. In some cases, you PLC inverter
will need to insert a power source in the

- interface wiring. P24 — 24V
In order to avoid equipment damage and
get your application running smoothly, we
recommend drawing a schematic of each
connection between the inverter and the Input
other device. Include the internal compo- | circuits

Hitachi inverters (drives) are useful in many types of applications. During installation,
the inverter keypad (or other programming device) will facilitate the initial configura-
tion. After installation, the inverter will generally receive its control commands through
the control logic connector or serial interface from another controlling device. In a
simple application such as single-conveyor speed control, a Run/Stop switch and poten-
tiometer will give the operator all the required control. In a sophisticated application,
you may have a programmable logic controller (PLC) as the system controller, with
several connections to the inverter.

It is not possible to cover all the possible types of application in this manual. It will be
necessary for you to know the electrical characteristics of the devices you want to
connect to the inverter. Then, this section and the following sections on I/O terminal
functions can help you quickly and safely connect those devices to the inverter.

CAUTION: It is possible to damage the inverter or other devices if your application
exceeds the maximum current or voltage characteristics of a connection point.

The connections between the inverter and

nents of each device in the schematic, so
that it makes a complete circuit loop.

After making the schematic, then:

1. Verify that the current and voltage for
each connection is within the operating
limits of each device.

SIERENSNEE
|

[\

. Make sure that the logic sense (active high or active low) of any ON/OFF connection
is correct.

3. Check the zero and span (curve end points) for analog connections, and be sure the
scale factor from input to output is correct.

4. Understand what will happen at the system level if any particular device suddenly
loses power, or powers up after other devices.
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Example Wiring Diagram

The schematic diagram below provides a general example of logic connector wiring, in
addition to basic power and motor wiring covered in Chapter 2. The goal of this chapter
is to help you determine the proper connections for the various terminals shown below
for your specific application needs.

Breaker,
MCCB or GFI | ]
L~ R L100 U
'. © v (L1 (T1)
Power source, ' U ! | [
3-phaseor i . - S VvV
1-phase, per | \E\C : (L2) (T2)
inverter model | T | [ —~
1 1 1
Lo oL T w
lL _____ j N(L3) (T3)
Intelligent inputs, +1
5 terminals DC reactor
P24 ' (optionatl)
Forward T 24V
NOTE: For the wiring +—0—"0— 1 | Input * ]
of inltelligent I/Ck)J and |Reverse | circuits Braking
analog inputs, be unit
sure to use twisted t—o—"o0—] 2 (optional)
pair / shielded cable. I
Attachthe_shleldvylre 0 -0 3 |
for each signal to its l
respective common —
terminal at the L o0 0 4 | [5] configurable as
- t d only. i i
. - thermistor mput
> ALt o
Thermistor f [ S
Alarm contacts, Q
ALO type 1 Form C <]
Logic input common L T 1 g
Meter AL2 =
=
S
((®]
>6\ FM Output Open collector outputs
I . Run signal
1 circuits
Analog reference H 192 @7
[ | Freq. arrival signal

4-20mA { C“)
Logic output_common
—{CM2

Analog common

._.r-._..g




m Example Wiring Diagram

Specifications of Control and Logic Connections

The control logic connectors are located just behind the front panel half-door. The relay
contacts are accessible behind the main door. Connector labeling is shown below.

Logic
inputs

1 [P

?[—ﬂ—s—lz

L
H[OJoI]L

ALD AL A2
dEa Ry

Fvlou]12[11]

7 R i e e 3 Relay
l !——]——“ . = contacts
Analog  Apalog  Logic
inputs output  outputs

Specifications for the logic connection terminals are in the following table:

Terminal Name

Description

Ratings

[P24]

+24V for logic inputs

24VDC, 30 mA max (do not short to terminal L)

(1], [2], [3]), [4], [5]

Discrete logic inputs

27VDC max. (use P24 or an external supply refer-
enced to terminal L)

[L] (top row) *1

GND for logic inputs

sum of input 1-5 currents (return)

[11],[12]

Discrete logic outputs

50mA maximum ON state current,
27 VDC maximum OFF state voltage

during RUN

(@)
g E [CM2] GND for logic outputs 100 mA: sum of 11 and 12 currents (return)
.g "g (FM] PWM (analog/digital) output | O to IOVDC, 1 mA, PWM and 50% duty digital
©
‘qh) § [L] (bottom row) *1 [ GND for analog inputs sum of OI, O, and H currents (return)
8' o] [O1] Analog input, current 4 to 19.6 mA range, 20 mA nominal
c
© (O] Analog input, voltage 0 to 9.6 VDC range, 10VDC nominal,
input impedance 10 kQ
(H] +10V analog reference 10VDC nominal, 10 mA max
[ALOQ] Relay common contact 250 VAC, 2.5A (R load) max.,
250 VAC, 0.2A (I load, PF=0.4 .
[AL1] Relay contact, normally > ( oa ) max
losed durine RUN 100 VAC, 10mA min.
closed during 30 VDG, 3.0A (R load) max.
[AL2] Relay contact, normally open | 30 VDC, 0.7A (I load, P.F.=0.4) max.

5 VDC, 100mA min.

Note 1:

The two terminals [L] are electrically connected together inside the inverter.
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- Terminal Listing

Use the following tables to locate pages for intelligent input and output material in this

chapter.
Intelligent Inputs
Symbol Code Name Page
Fw 00 Forward Run/Stop 4-9
RV 01 Reverse Run/Stop 4-9
CF1 02 Multi-speed Select, Bit 0 (LSB) 4-10
CF2 03 Multi-speed Select, Bit 1 4-10
CF3 04 Multi-speed Select, ii3it 2 4-10
CF4 05 Multi-speed Select, Bit 3 4-10
IG 06 Jogging 4-12
2CH 09 2-stage Acceleration and Deceleration 4-13
FRS 11 Free-run Stop 4-14
EXT 12 External Trip 4-15
USP 13 Unattended Start Protection 4-16
SFT 15 Software Lock 4-17
AT 16 Analog Input Voltage/current Select 4-18
RS 18 Reset Inverter 4-19
TH 19 Thermistor Thermal Protection 4-20
Intelligent Qutputs ®
Symbol Code Name Page
RUN 00 | Run Signal 422
FA1 01 Frequency Airival type 1 — Constant Speed 4-23 g-
FA2 02 Frequency arrival type 2 — Over-frequency 4-23 g
OL 03 Overload Advance Notice Signal 4-25 -
OD 04 Output Deviation for PID Control 4-26
AL 05 Alarm Signal 4-27
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Using Intelligent Input Terminals

Using Intelligent Input Terminals

Terminals [1], [2], [3], [4], and [5] are identical, programmable inputs for general use.
The input circuits can use the inverter’s internal (isolated) +24V field supply (P24) to
power the inputs. The input circuits are internally connected to the power supply ground.
As the diagram shows, you can use a switch (or Jjumper) to activate an input terminal that
has been configured.

If you use an external supply, its GND terminal must connect to the [L] terminal on the
inverter to complete the input circuit. Current can only flow info each input, so they are
sinking inputs, whether powered internally or externally.

‘ —| NOTE: We recommend using the top row [L] logic GND for logic input circuits and the
[L] GND on the bottom row of terminals for analog I/O circuits.

L100 Inverter
Sinking inputs, 24V L
internal supply + — Input circuits
L 1] l
— P24 L SH4H3H2H1H
g _g Sinking inputs, L100 Inverter
5 g external supply 24V
§ g + - Input circuits
8= 1
C2
= —{PU— L 14H3H2H1H

24V

r—oo—u
00— N |
—O 0 = [

L {
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Forward Run/Stop and Reverse Run/Stop Commands:

When you input the Run command via the terminal [FW], the inverter executes the
Forward Run command (high) or Stop command (low). When you input the Run
command via the terminal [RV], the inverter executes the Reverse Run command (high)
or Stop command (low).

Option | Terminal

Code | Symbol Function Name State Description

00 Fw Forward Run/Stop ON | Inverter is in Run Mode, motor runs forward

OFF | Inverter is in Stop Mode, motor stops

01 RV Reverse Run/Stop ON | Inverter is in Run Mode, motor runs reverse

OFF | Inverter is in Stop Mode, motor stops

Valid for inputs: C_01,C_02,C_03,C_04, Example (default input configuration
C_05 shown—see page 3-32):
Required settings: | A_02 =01 RV EW
Notes: Li5{4|3|2]1]|p4
* When the Forward Run and Reverse Run (L <L
commands are active at the same time, the inverter
enters the Stop Mode.
* When a terminal associated with either [FW] or

[RV] function is configured for normally closed,
the motor starts rotation when that terminal is See I/O specs on page 4-6.
disconnected or otherwise has no input voltage.

" —| NOTE: The parameter F_04, Keypad Run Key Routing, determines whether the single
Run key issues a Run FWD command or Run REV command. However, it has no effect
on the [FW] and [RV] input terminal operation.

WARNING: If the power is turned ON and the Run command is already active, the
motor starts rotation and is dangerous! Before turning power ON, confirm that the Run
command is not active.
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Using Intelligent input Terminals

Multi-Speed Select

The inverter can store up to 16 different target

frequencies (speeds) t.h'at the motor output uses for Multi. Input Function
steady-state run condition. These speeds are acces- speed
sible through programming four of the intelligent P CF4 | CF3 | CF2 | CF1
terminals as binary-encoded inputs CF1 to CF4 per Speed 0 0o lolol o
Fhe table to Fhe right. These can be any of tht? five Speed 1 o 5 5 ]
inputs, and in any order. You can use fewer inputs
if you need eight or fewer speeds. Speed 2 010 1 0
Speed 3 0 0 1 1
= Note: When choosing a subset of speeds to use, Speed 4 0 1 0 0
‘ always start at the top of the table, and with the Soeed S 5 " 5 "
least-significant bit: CF1, CF2, etc. pee
Speed 6 0 1 1 0
The example with eight speeds in the figure below Speed 7 0 ) ] ]
shows how input switches configured for CF1-
CF3 functions can change the motor speed in real Speed 8 ! 0 0 0
time. Speed 9 1 0 0 1
3rd Speed 10 1 0 1 0
7th | - - Speed 11 1 0 1 1
Sth ; Speed12 | 1 | 1 | 0| 0
ond 1l - - - . -
st | == =gt e el Speed 13 1 1 0 1
4th
oOth Speed 15 1 1 1 1
1 — :
[CF1] ol | -  NOTE: Speed 0 is set by the A_20
1y parameter value.
[CF2] oL
1 :
o [CF3] ol ’ I
w £ 1
25 [FWD] o l
55 ‘
= O
8. = (8] I
tion | Terminal . nput ..
Ne) P
O (% Code | Symbol Function Name State Description
02 CF1 Multi-speed Select, ON | Binary encoded speed select, Bit 0, logical 1
Bit O (LSB
100( ) OFF | Binary encoded speed select, Bit 0, logical 0
03 CF2 Multi-speed Select, ON | Binary encoded speed select, Bit 1, logical 1
it
Bit1 OFF | Binary encoded speed select, Bit 1, logical 0
04 CF3 Multi-speed Select, ON | Binary encoded speed select, Bit 2, logical 1
Bit 2 - - .
! - OFF | Binary encoded speed select, Bit 2, logical 0
05 CF4 Multi-speed Select, ON | Binary encoded speed select, Bit 3, logical 1
Bit 3 (MSB) . ) .
OFF | Binary encoded speed select, Bit 3, logical 0
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Option | Terminal . Input ..
Code | Symbol Function Name State Description

Valid for inputs: C_01,C_02,C_03,C_04, Example (some CF inputs require input
C_05 configuration; some are default inputs—

Required settings: |F_01, A_01 =02, see page 3-32):
A_20to A_35 (MSB) (LSB)

CF
Notes: CF4 3CFzCF1
¢ When programming the multi-speed settings, be L{5|4 P24

3{2|1
sure to press the Store key each time and then set J) (L (L (L
the next multi-speed setting. Note that when the
key is not pressed, no data will be set.

* When a multi-speed setting more than S0Hz(60Hz)
is to be set, it is necessary to program the maximum ———
frequency A_04 high enough to allow that speed. See I/O specs on page 4-6.

While using the multi-speed capability, you can monitor the current frequency with
monitor function D_01 during each segment of a multi-speed operation.
There are two ways to program the speeds into the registers A_20 to A_35:

1. Standard keypad programming:
a. Select each parameter A_20 to A_35.
b. Press the @) key to view the parameter value.
c. Usethe A\ and \&/ keys to edit the value.
d. Use the (s®) key to save the data to memory.

2. Programming using the CF switches. Set the speed by following these steps:
a. Turn the Run command OFF (Stop Mode).

b. Turn each switch ON and set it to Multi-speed. Display the value of F_01 on the
digital operator.

c. Set the desired output frequency by pressing the A\ and &/ keys.

d. Press the (s®) key once to store the set frequency. When this occurs, F_01
indicates the output frequency of Multi-speed n.

e. Press the @) key once to confirm that the indication is the same as the set
frequency.

)
=
()
~f
(]
2
o
=
>
«Q

f. Repeat operations in 2. a) to 2. e) to set the frequency of other Multi-speeds. It
can be set also by parameters A_20 to A_35 in the first procedure 1. a) to 1. d).
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Jogging Command

The Jog input [JG] is used to command the 1
motor to rotate slowly in small increments for Vel 0 I
manual operation. The speed is limited to [FW], 1

10 Hz. The frequency for the jogging opera-  [RV] 0
tion is set by parameter A_38. Jogging does
not use an acceleration ramp, so we recom- speed_}

mend setting the jogging frequency A_38 to -/'
5 Hz or less to prevent tripping.

When the terminal [JG] is turned ON and the .\/ t
Run command is issued, the inverter outputs Jog decel type

the programmed jog frequency to the motor.

To enable the Run key on the digital operator .
for jog input, set the value 01(terminal mode)

in A_02 (Run command source).

The type of deceleration used to end a motor jog operation is selectable by programming
function A_39. The options are:

* 00 Free-run stop (coasting)
« 01 Deceleration (normal level) and stop
* 02 Use DC braking and stop

Option | Terminal . Input . L.
Code Symbol Function Name State Description
06 JG Jogging ON | Inverter is in Run Mode, output to motor runs at

Jjog parameter frequency

OFF | Inverter is in Stop Mode

C_01,C_02,C_03,C_04,

[o) Valid for inputs: Example (requires input configuration—
2 é C_05 see page 3-32):
ISPl | Required settings: | A_02=01, A_38 > B_82,
® 5 A_38>0,A_39 JG
L= Notes: L{5(4{3}|2|1]|P4
O -‘% * No jogging operation is performed when the set (L l

value of jogging frequency A_38 is smaller than the
start frequency B_82, or the value is 0 Hz.

* Be sure to stop the motor when switching the

function (JG] ON or OFF. See 1/O specs on page 4-6.
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Two-stage Acceleration and Deceleration

When terminal [2CH] is turned ON, the Output
inverter changes the rate of acceleration and  frequency
deceleration from the initial settings (F_02

and F_03) to use the second set of accelera-
tion/deceleration values. When the terminal is

turned OFF, the inverter is returned to the

original acceleration and deceleration time [2CH]
(F_02 acceleration time 1, and F_03 decelera- [FW],
tion time 1). Use A_92 (acceleration time 2) [RV]
and A_93 (deceleration time 2) to set the

second stage acceleration and deceleration

times.

target
frequency

O= O~

In the graph shown above, the [2CH] becomes active during the initial acceleration. This
causes the inverter to switch from using acceleration 1 (F_02) to acceleration 2 (A_92).

’OptiolnA » Termmal Lo Input IRE A
Code | Symbol : Fugqgon Nal,‘?:e"vﬂ .‘ 'St@té 5 Descngpon -

09 2CH 2-stage Acceleration ON | Frequency output uses 2nd-stage acceleration

and Deceleration and deceleration values
OFF | Frequency output uses the initial acceleration 1
and deceleration 1 values

Valid for inputs: C_01,C_02, C_03,C_04, Example (requires input configuration—

h : C_05 see page 3-32):
Required settings: | A_92, A_93, A_94=00
Notes: 2CH
¢ Function A_94 selects the method for second stage L{5|4]|3]2]|1|P4

acceleration. It must be set = 00 to select the input
terminal method in order for the [2CH] terminal
assignment to operate.

%—‘
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d
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O
=,
=
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See /O specs on page 4-6.
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Free-run Stop

When the terminal [FRS] is turned ON, the inverter stops the output and the motor enters
the free-run state (coasting). If terminal [FRS] is turned OFF, the output resumes sending
power to the motor if the Run command is still active. The free-run stop feature works
with other parameters to provide flexibility in stopping and starting motor rotation.

In the figure below, parameter B_88 selects whether the inverter resumes operation from
0 Hz (left graph) or the current motor rotation speed (right graph) when the [FRS]
terminal turns OFF. The application determines the best setting.

Parameter B_03 specifies a delay time before resuming operation from a free-run stop.
To disable this feature, use a zero delay time.

B_88 =00 Resume from motor speed |B_88 = 01

Zero-frequency start —  «+—B 03] wait time
1 1
Motor K m‘// Motor PN _
] 1 1
speed I | speed I P Y
i : ] 1 T T
1 | 1
FRS g i FRS ¢
[}
(FW], 1 | [Fw], 1 |
[RV] o© - T [Rv] O -
Option | Terminal . ' Ihpiit L
Code Symbol Functlon‘ Name State | Description |
11 FRS Free-run Stop ON | Causes output to tun OFF, allowing motor to

free run (coast) to stop

OFF | Output operates normally, so controlled deceler-
ation stops motor

Valid for inputs: C_01,C_02,C_03,C_04,

Example (requires input configuration—
C_05 see page 3-32):
Reqliired settings: | B_03,B_88,C_11to C_15
: FRS
Notes:

L{5]|4|3|2|1|P4

¢ When you want the [FRS] terminal to be active low
(normally closed logic), change the setting (C_11 to

C_15) that corresponds to the input (C_01 to C_05) (L
that is assigned the [FRS] function.

See /O specs on page 4-6.




4-15

L1OO Inverter -

External Trip

When the terminal [EXT] is turned ON, the inverter enters the trip state, indicates error
code E12, and stops the output. This is a general purpose interrupt type feature, and the
meaning of the error depends on what you connect to the [EXT] terminal. Even if the
[EXT] input is turned OFF, the inverter remains in the trip state. You must reset the
inverter or cycle power to clear the error, returning the inverter to the Stop Mode.

In the graph below, the [EXT] input turns ON during normal Run Mode operation. The
inverter lets the motor free-run to a stop, and the alarm output turns ON immediately.
When the operator initiates a Reset command, the alarm and error are cleared. When the
Reset is turned OFF, the motor begins rotation since the Run command is already active.

—N/—free run

[EXT] terminal

Motor revolution speed

—

[RS] terminal

Alarm output terminal

Q=0 =0 =0 =0 =

RUN command [FW, RV]

Option | Terminal . Input L
Code Symbol - Function Name State | ) ]‘)escrlp‘tlonv |
12 EXT External Trip ON | When assigned input transitions OFF to ON,

inverter latches trip event and displays E12

OFF | No trip event for ON to OFF, any recorded trip
events remain in history until Reset

Valid for inputs: C_01, C_QZ, C_03,C_04, Example (requires input configuration— - Qé_ e
: C_05 see page 3-32): . : S
Required settings: | (none) § @
Notes: EXT S 2
otes: 5 O
o If the USP (Unattended Start Protection) feature is L|5]14(3|2]1 P24 g a
in use, the inverter will not automatically restart (L i %)
after cancelling the EXT trip event. In that case, it '
must receive either another Run command (OFF- (
to-ON transition), a keypad Reset command, or an

[RS] intelligent terminal input signal.
See /O specs on page 4-6.
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Unattended Start Protection

If the Run command is already set when power is turned ON, the inverter starts running
immediately after powerup. The Unattended Start Protection (USP) function prevents
that automatic startup, so that the inverter will not run without outside intervention.
When USP is active and you need to reset an alarm and resume running, either turn the
Run command OFF, or perform a reset operation by the terminal [RS] input or the
keypad Stop/reset key.

In the figure below, the [UPS] feature is enabled. When the inverter power turns ON, the
motor does not start, even though the Run command is already active. Instead, it enters
the USP trip state, and displays E13 error code. This requires outside intervention to
reset the alarm by turning OFF the Run command per this example (or applying a reset).
Then the Run command can turn ON again and start the inverter output.

1
RUN command [FW, RV] g I I I |
- —
[USP] terminal 0 l X : ! |
! | T
1 ! f—_ !
Alarm output terminal ¢ l ! f
1 ! i !
Inverter output frequency o ' X f I
1
Inverter power supply |
Events: Alarm Alarm —T Run —T t
display cleared command
Option Tetmimﬂ S, Input | T
Code Symbol Function Name State Des\cnflptlop B
13 USP Unattended Start ON | On powerup, the inverter will not resume a Run” | -
Protection command (mostly used in the US)
OFF | On powerup, the inverter will resume a Run
command that was active before power loss

Valid for inputs: C_01,C_02,C_03,C_04, Example (default input configuration shown
C_05 for —FU models; —FE and —FR models

require input configuration—

see page 3-32):

Required settings: | (none)

Notes:
* Note that when a USP error occurs and it is usp
canceled by a reset from a [RS] terminal input, the LIS14131211|PA4
inverter restarts running immediately. J)
* Even when the trip state is canceled by turning the
terminal [RS] ON and OFF after an under voltage
protection E09 occurs, the USP function will be
performed.

* When the running command is active immediately
after the power is turned ON, a USP error will
occur. When this function is used, wait for at least
three (3) seconds after the powerup to generate a
Run command.

See /O specs on page 4-6.
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Software Lock

When the terminal [SFT] is turned ON, the data of all the parameters and functions
(except the output frequency, depending on the setting of B_31) is locked (prohibited
from editing). When the data is locked, the keypad keys cannot edit inverter parameters.
To edit parameters again, turn OFF the [SFT] terminal input.

Use parameter B_31 to select whether the output frequency is excluded from the lock
state or is locked as well.

Option - Ternﬁﬁéi R S Input e G
Toin| S | MomcdmiName | g | L Dhemtm O
15 SFT Software Lock ON | The keypad and remote programming devices

are prevented from changing parameters

OFF | The parameters may be edited and stored

Vahd for mputS' | €_01,C_02,C_03,C_04, Example (requires input configuration—
C_05 see page 3—-32):

Reqmred settmgs- B_31 (excluded from lock)

N SFT
otes: L[5[4[3]2]1 [pH
e When the [SFT] terminal is turned ON, only the

output frequency can be changed. - J)

« Software lock can include the output frequency by
setting B_31.

« Software lock by the operator is also possible

ithout the [SFT] terminal bei d 31).
without the [SFT] terminal being used (B_31) See 1/O specs on page 4-6.
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Analog Input Current/Voltage Select

The [AT] terminal selects whether the inverter uses the voltage [O] or current [OI] input
terminals for external frequency control. When intelligent input [AT] is ON, you can set
the output frequency by applying a current input signal at [OI]-[L]. When the [AT] input
is OFF, you can apply a voltage input signal at [O]-[L] to set the output frequency. Note
that you must also set parameter A_01 = 01 to enable the analog terminal set for control-
ling the inverter frequency.

Opt_ioh Tenﬁihai‘ i U Input = . e
ot | 'Sy | TometonName | g0 oo Dewbtn
16 AT Analog Input ON | Terminal OI is enabled for current input (uses
Voltage/current terminal L for power supply return)
1
Select OFF | Terminal O is enabled for voltage input (uses
terminal L for power supply return)
Vahdforlnputs |C01,C_02,C_03,C_04, . Example (default input configuration shown
SRR €05 for —FU models; —FE and —FR models
TR AR _ require input configuration—
Required settings: A_01=01 see page 3-32):
Notes:

« If the [AT] option is not assigned to any intelligent

input terminal, then inverter uses the algebraic sum AT
of both the voltage and current inputs for the LI514!131211 P4
frequency command (and A_0 1=01).
e When using either the analog current and voltage J)
input terminal, make sure that the [AT] function is
allocated to an intelligent input terminal. , .

* Be sure to set the frequency source setting
A_01=01 to select the analog input terminals.

CM2i12{11

OOl L |FM
|_( :),_ 4-20 mA when AT= ON
0-10 V when AT= OFF

See /O specs on page 4-6.
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Reset Inverter

The [RS] terminal causes the inverter to — 12 ms
execute the reset operation. If the inverter is minimum
in Trip Mode, the reset cancels the Trip state.  [RS] —_l

When the signal [RS] is turned ON and OFF, 1 approx. 30 ms .
the inverter executes the reset operation. The  Alarm 1 h >
minimum pulse width for [RS] mustbe 12 ms signal 0
or greater. The alarm output will be cleared

within 30 ms after the onset of the Reset command.

O —

WARNING: After the Reset command is given and the alarm reset occurs, the motor
will restart suddenly if the Run command is already active. Be sure to set the alarm reset
after verifying that the Run command is OFF to prevent injury to personnel.

‘Option Térnniﬁal e e . Inplif . o '
‘Code | Symbol 1 Funf:t_:f)_p Name State Descrlptlon
18 RS Reset Inverter ON | The motor output is turned OFF, the Tnp Mode
is cleared (if it exists), and powerup reset is
applied
OFF | Normal power-ON operation
Valid for inpﬁts: C_01,C_02,C_03,C_04, Example (default input configuration
C_05 shown—see page 3-32):
Required settings: - | (none) _
Notes: RS
¢ When the control terminal [RS] input is already ON | L{5|4|3]|2]1|PA
at powerup for more than 4 seconds, the remote h J)
operator display is “R-ERROR COMM<2>" (the .
display of the digital operator [OPE-J} is — — —.
However, the inverter has no error. To clear the
digital operator error, turn OFF the terminal [RS]

input and press one of the operator keys. See I/O specs on page 4-6.

* Pressing the Stop/Reset key of the digital operator can generate a reset operation only when an alarm
occurs. ' '

suoneladp

s A terminal configured with the [RS] function can only be configured for normally open operatlon The.
terminal cannot be used in the normally closed contact state. :

lﬁuuouuow pue

» When input power is turned ON, the inverter performs the same reset operation as it does when a pulse :
on the [RS] terminal occurs. :

« The Stop/Reset key on the inverter is only operational for a few seconds after mverter powerup when a
hand-held remote operator is connected to the inverter.

o If the [RS] terminal is turned ON while the motor is running, the motor will be free running (coasting).




- Using Intelligent Input Terminals

Thermistor Thermal Protection

Motors that are equipped with a thermistor can be protected from overheating. Input
terminal [5] has the unique ability to sense a thermistor resistance. When the resistance
value of the thermistor connected to terminal [TH] (5) and [L] is more than 3 k Ohms
+10%, the inverter enters the Trip Mode, turns OFF the output to the motor, and
indicates the trip status E35. Use this function to protect the motor from overheating.

Option | Terminal | oo mput| o0 gl
Code | Symbor | FomctionName | g  Description
19 TH Thermistor Thermal | Sensor | When a thermistor is connected to terminals [5]
Protection and [L], the inverter checks for over-temperature

and will cause trip (E35) and turn OFF the
output to the motor

Open | An open circuit in the thermistor causes a trip,
and the inverter turns OFF the output

Valid formputs C_05 only Example (requires input configuration—
—— — see page 3-32):

Requlred settihgs; -4 (none)
Notes:

e Be sure the thermistor is connected to terminals [5]
and [L]. If the resistance is above the threshold the
inverter will trip. When the motor cools down
enough, the thermistor resistance will-change
enough to permit you to clear the error. Press the
STOP/Reset key to clear the error.

211 |P4

thermistor
MOTOR

1 "See I/O specs on page 4-6.
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Using Intelligent Output Terminals

The intelligent output terminals are programmable in a similar way to the intelligent
input terminals. The inverter has several output functions that you can assign individu-
ally to three physical logic outputs. Two of the outputs are open-collector transistors, and
the third output is the alarm relay (form C — normally open and normally closed
contacts). The relay is assigned the alarm function by default, but you can assign it to
any of the functions that the open-collector outputs use.

Sinking Outputs,
Open Collector

The open-collector transistor
outputs can handle up to
50mA each. We highly
recommend that you use an Logic output
external power source as common
shown. It must be capable of
providing at least 100mA to

L100 Inverter

Open collector outputs

drive both outputs at full load. CM2 12 11
To drive loads that require

more than 50mA, use external

relay circuits as shown below. C:)

Sinking Outputs,

. L100 Inverter
Open Collector with

External Relays Open collector outputs - %J
If vou need a O
you-need output current g
greater than 50mA, use the § g
inverter output to drive a Logic output = =
small relay. Be sure to use a common g_ %
-
«

diode across the coil of the
relay as shown (reverse- ,
biased) in order to suppress CM2 12— 11
the turn-off spike, or use a
solid-state relay.

I‘_T

O
U]

Y

ANE Y
i
I




E Using Intelligent Output Terminals

Run Signal

When the [RUN] signal is selected as an

intelligent output terminal, the inverter [FW,
outputs a signal on that terminal when it is in
Run Mode. The output logic is active low, and
is the open collector type (switch to ground).  Qutput

freq.
Run 1 1
Signal 0 | l ON l |
t
Optiq'n' Términal‘ G B Gl e
“Code | ‘Symbol . vFup._ctlon Na;pe State | . Descrlptlon
00 RUN Run Signal ON | when inverter is in Run Mode
OFF | when inverter is in Stop Mode

Valid foroutputs 11, 12 Example (default output configuration
R : shown—see page 3-36):

«RequifeQEEéttings: (none)

Notes: inverierouput RGT

e The inverter outputs the [RUN] signal whenever the | terminal circuit
inverter output exceeds the start frequency specified '
by parameter B_82. The start frequency is the initial '
inverter output frequency when it turns ON. H{O|Ol| L |FM|CM2|12|11

O @z

See l/O specs on page 4-6.

: NOTE: The example circuit in the table above drives a relay coil. Note the use of a
' diode to prevent the negative-going turn-off spike generated by the coil from damaging
the inverter’s output transistor.
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Frequency Arrival Signals

The Frequency Arrival group of outputs help coordinate external systems with the
current velocity profile of the inverter. As the name implies, output [FA1] turns ON
when the output frequency arrives at the standard set frequency (parameter F_01).
Output [FA2] relies on programmable accel/ decel thresholds for increased flexibility.
For example, you can have an output turn ON at one frequency during acceleration, and
have it turn OFF at a different frequency during deceleration. All transitions have hyster-
esis to avoid output chatter if the output frequency is near one of the thresholds.

Option Termmal R Output o G
Code | Symbol | MUnetonName | gpe | Descripton
01 FA1l Frequency Arrival ON | when output to motor is at the set frequency
'gyg:dl ~ Constant OFF | when output to motor is OFF, or in any accelera-
P tion or deceleration ramp
02 FA2 Frequency Arrival ON | when output to motor is at or above the set
Type 2 — Over- frequency thresholds for, even if in acceleration
frequency or deceleration ramps
OFF | when output to motor is OFF, or during accelera-
tion or deceleration before the respective thresh-
olds are crossed
Valid for outphts:_ 111,12 Example (default output configuration
= — shown—see page 3-36):
Required settings: | (none)

Notes: i ,

* For most applications you will need to use only one :tg\r/r?]ri:z:l %l;rg;t FA1 :
type of frequency arrival outputs (see examples). : X
However, it is possible assign both output terminals ' t
to output functions [FA1] and {FA2]. HIoToil L Iemlcmal12111

¢ For each frequency arrival threshold, the output :
anticipates the threshold (turns ON early) by 1.5Hz.

¢ The output turns OFF as the output frequency
moves away from the threshold, delayed by 0.5Hz. See I/0 specs _ @ AN

* The delay time of the output signal is 60 ms on page 4-6.

(nominal).

GU!JOJ,!LJOW pUe
suonelad




- Using Intelligent Output Terminals

Frequency arrival output [FA1] uses the
standard output frequency (parameter Output

. 15H
F_01) as the threshold for switching. In €4 L 05Hz i ‘E o1
the figure to the right, Frequency Arrival oo, N-=- |/ 15Hz
[FA1] turns ON when the output f 0.5 Hz i\t ¥

frequency gets within 0.5 Hz below or
1.5 Hz above the target constant
frequency. This provides hysteresis that

prevents output chatter near the threshold  Fa{ ———,—]
1

>

1
1
i
1
H
[
1
1

B el ol

—

o O

AU B <

B
|

value.The hysteresis effect causes the signal — .

output to turn ON slightly early as the - - o« t
speed approaches the threshold. Then the 60 ms 60 ms
turn-OFF point is slightly delayed. The

timing is further modified by a small

60 ms delay. Note the active low nature of

the signal, due to the open collector output.

Frequency arrival output [FA2] works the Output

same way; it just uses two separate freq.

thresholds as shown in the figure to the Thresholds

right. These provide for separate acceler- accel.f - _-_‘: 0.5 Hz 1.5 Hz
ation and deceleration thresholds to decel.} - -4'- G PRI >
provide more flexibility than for [FA1]. ! NF
[FA2] uses C_42 during acceleration for 0 : —
the ON threshold, and C_43 during decel- FA2 : :
eration for the OFF threshold. This signal signal . I ON X I_
also is active low and has a 60 ms delay - - e
after the frequency thresholds are 60 ms 60 ms

~ crossed. Having different accel and decel
thresholds provides an asymmetrical
output function. However, you can use
equal ON and OFF thresholds, if desired.
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Overload Advance Notice Signal

When the output current exceeds a preset Current threshold
value, the [OL] terminal signal turns ON. |\ threshoid
The parameter C_41 sets the overload I

' 1\U power running

threshold. The overload detection circuit S

. I \ 1 __regeneration

operates during powered motor opera- A R <3Ros o -
; threshold

tion and during regenerative braking. The ! |

1
|
output circuits use open-collector oL 1 ' : :
transistors, and are active low. Signal 0 I ON I | ONI
t
Option Termmal S Output SRR
Co d_@ Symbol Funcf:o,_n Name State Desgrlptlon |
03 OL Overload Advance ON | when output current is more than the set thresh-
Notice Signal old for the overload signal
OFF | when output current is less than the set threshold
for the overload signal

Validf_or ouiputs: 111,12 Example (requires output configuration—
— e see page 3—-36):

Required settings: | C_41

Notes: l Inverter output oL

* The default value is 100%. To change the level ' + terminal circuit

from the default, set C_41 (overload level). ]
* The accuracy of this function is the same as the HiOi0ll L iFMCM212111

function of the output current monitor on the [FM]
terminal (see page “Analog and Digital Monitor

O @)z
See l/O specs on page 4-6. |

Output” on page 4-30).

"} NOTE: The example circuit in the table above drives a relay coil. Note the use of a
diode to prevent the negative-going turn-off spike generated by the coil from damaging
the inverter’s output transistor.

suoneladp
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m Using Intelligent Output Terminals

Output Deviation for PID Control

The PID loop error is defined as the
magnitude (absolute value) of the differ-
ence between the Setpoint (target value)
and the Process Variable (actual value).
When the error magnitude exceeds the
preset value for C_44, the [OD] terminal
signal turns ON. Refer to “PID Loop

SP, PV

»— Process variable

Operation” on page 4-32. [OD] 1 '
P pag signat 0|l
t
Optio:ri: Termmal R P Output S
Code | Symboi | FumctionName | g0 . Deseription
04 oD Output Deviation for ON | when PID error is more than the set threshold for
PID Control the deviation signal '
OFF | when PID error is less than the set threshold for
the deviation signal
Valid for outputs: 11, 12 Example (requires output configuration—
T - see page 3-36):
Required settings: | C_44
Notes: inverter output 66~
¢ The default difference value is set to 3%. To change | terminal circuit '
this value, change parameter C_44 (deviation ! 1
level). t
' H|O {0l L |FM|CM212]|11

O @z

See /O specs on page 4-6.

the inverter’s output transistor.

NOTE: The example circuit in the table above drives a relay coil. Note the use of a
diode to prevent the negative-going turn-off spike generated by the coil from damaging
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Alarm Signal

The inverter alarm signal is active when a fault has
occurred and it is in the Trip Mode (refer to the
diagram at right). When the fault is cleared the
alarm signal becomes inactive.

We must make a distinction between the alarm
signal AL and the alarm relay contacts [ALO],
[AL1] and [AL2]. The signal AL is a logic 7
function, which you can assign to the open collec- Alarm signal active
tor output terminals [11] or [12]. The relay is

dedicated to the function AL, thus the labeling of its terminals. Use an open collector
output (terminal [11] or [12]) for a low-current logic signal interface or to energize a
small relay (50 mA maximum). Use the relay output to interface to higher voltage and
current devices (10 mA minimum).

:"Opt:i(‘)'n Te;fxﬁi_nal e Outl'iu_t'" o
Code | Symbol Functlon Name ,'S ta te Descrlpthq :
05 AL Alarm Signal ON | when an alarm signal has occurred and has not

been cleared

OFF | when no alarm has occurred since the last
clearing of alarm(s)

Valid for outputs: | 11, 12 Example for terminal [11] or [12] (requires
: ’ output configuration—see page 3—36):
Required settings: | C_33 P oo _g ________ P _% o __)_ .
Notes:  Inverter output AL X
i 1 terminal circuit K 1
* When the alarm output is set to normally closed, a ! :
time delay of less than 2 seconds occurs until the
contact is closed when the power is tumned ON. H|O|O0l| L |FM{CM2{12]11
¢ Terminals 11 and 12 are open collector outputs, so : - :
the electric specifications of [AL] are different ' o
from the contact output terminals [ALO], [AL1], e @ B
[AL2]. /\ Q _g)
¢ When the inverter power supply is turned OFF, the § @
alarm signal output is valid as long as the external Example for terminals [ALO] [AL1] [AL2] -3 g_
control circuit has power. (default output configuration shown— :O: =
* This signal output has the delay time (300 ms see page 3-36): 5w
nominal) from the fault alarm output. (o]

Inverter logic AL

* The relay contact specifications are in “Specifica- circuit board

I

1

tions of Control and Logic Connections” on 1
page 4-6. The contact diagrams for different condi- :
1

!

f

I

1

1

Relay position -
shown is during
normal running
(no alarm).

y

tions are on the next page.

See I/O specs
on page 4-6.




m Using Intelligent Output Terminals

The alarm output terminals are connected as shown below (left) by default. The contact
logic can be inverted as shown (below right) by using the parameter setting C_33. The
relay contacts normally open (N.O.) and normally closed (N.O.) convention uses
“normal” to mean the inverter has power and is in Run or Stop Mode. The relay contacts
switch to the opposite position when it is in Trip Mode or when input power is OFF.

_‘ - NC éontacts v(after»initia»llig?lﬁ:gn)

N.O. contact (inverted by C_33 setting) .

During normal running

When an alarm occurs
or power is turned OFF

During normal running
or power is turned OFF

When an alarm occurs

o | Run | AL0- | ALO- : Run | ALO- | ALO-.
_Congact Power State | AL1 AL2 7C0ntact Power State | ALL AL2
N.C. ON | Normal | Closed | Open N.O. ON | Normal| Open | Closed
(after 3 (set :
initialize, ON Trip Open | Closed C_33=00) ON Trip | Closed { Open
C_33=01) | OFF — Open | Closed OFF — Open | Closed
.
N
\"f\,,
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