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Abstract
This paper presents the electric vehicle design. A normal vehicle to the electric vehicle
for reducing air pollution develops the vehicle. From the calculations, we chose 3 phase squirrel-
cage induction motor 22 kW 415 V 50 Hz 975 rpm 6 pole 215 N-m and 30 kW PWM inverter. 48
battery is chosen for supplying the system. From the experiment at rated motor, we found that the
vehicle can run at 24 km/hr, 0.7 m/s accelleration, 7 © maximum slope and distance 120 km. The
vehicle can carry maximum load at 1540 kg. When compared with the calculation, the

experiments have errors because mechanical loss and equipment errors.
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All
AGND
+10 V|

AGND

R
B

T
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EMERGENCY
SWITCH
P

START/STOP

D12

FORWARD/REWARD

INVERTER

+24 V

DCOM

)

a {a o
71 42 1e3AURUNDUNBS DS

A5 4.1 waﬂ1smﬁau§una§ma§

f(Hz) V(Volt) I(A) N(rpm) THD(%)
10 90.8 175 198 14.5
20 171.5 17.8 398 54
30 2528 16.3 598 5.0
40 334 15.8 799 4.6
50 386 13.8 996 2.8
60 386 18.2 1196 0
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Nanlanaaod

dl Y d‘
A15197 4.2 iamsnaaeujtuuumsdumasuvessa i

Mode /(Hz) 10 20130 40 50 60 70 80 90 100
Torgueo) |26 (06 30 3F 00 i 36 ) 36 sy oo [ide o m
lac(A) 18.6 19 17.9 18 18 14.8 15 16 17 16
Vac(V) 90 17402252 333 415 415 415 415 415 415
Ramp Pin(kW) 0.7 151 1.8 23 3 34 4 4.8 9.9 6.3
N(rpm) 198.5 1398.3| 547.7 | 798 | 948.6 | 1197 | 1396 | 1595 | 1792 | 1990
Speed(km/hr) 4 9 14 19 24 29 34 39 44 49
Pout(kW) 0.6 D 3 4.4 5.9 788 8.9 10.4 1i1%2 134
Torque(%) 21 26 30 33 29 40 39 42 42 42
lac(A) 20.2 | 24.5| 18.8 19.1 19 17 16 16 15 14
Vac(V) 90 1 7 1-1 252 385, el 2 41 415 415 415 415
Torque
Pin(kW) 0.6 Ia5 73 o E) 1) 4.1 4.6 5.4 5.8 6.4
Boost
N(rpm) 198.3 | 398 | 597 798 997 1196 | 1396 | 1594 | 1792 | 1992
Speed(km/hr) 4 9 14 19 24 29 34 39 44 49
Pout(kW) 0.5 h. 1 1.8 2.6 3.6 6.5 8.8 10.5 11.9 12.8
Torque(%) 26 30 34 36 38 42 40 41 40 41
lac(A) 19 =19 25 1748 18 17.6 14.7 139 13.4 13.5 13.8
Vac(V) 90 71 N252 333 415 415 415 415 415 415
Flying Pin(kW) 0.6 3 2 2.8 3.6 4 4.6 5.1 5.6 6.3
N(rpm) 198398 | SOTISAI 6798 Gl 997.4 |4IFT95%] 1395 | 1594 | 1790 { 1990
Speed(km/hr) 4 9 14 19 24 29 34 39 44 49
Pout(kW) 0.6 1.6 | 24 4.8 5.8 735 8.9 10.4 11.8 133
Torque(%) 29 25 31 34 36 36 38 38 40 4]
lac(A) 19.8 [ 20.2| 17.9 17.8 17:7 14.6 13.6 134 13.4 14
Flying
Vac(V) 90 e 252 333 415 415 415 415 415 415
. Pin(kW) 0.7 1.1 125 23 3 34 3.9 4.6 5:3 6.1
Torque
s N(rpm) 198 [398.4| 598 798 19976 1 1196 | 1395 | 1594 | 1792 | 1992
Speed(km/hr) 4 9 14 19 24 29 34 39 44 49
Pout(kW) 04 | 1.6 3 44 5.9 7.6 9 10.5 12 12.8
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A19199 4.3 Wan1s N uUUaUY

Acc Time Y% Torque(%) AC Current(A) P(kW)
Load Mode f(Hz) ‘
(Sec) max stecady Imax Istcady max stcady
30 6 80 13 51 18 8 2
Ramp
50 9 106 16 52 18 19 3.8
Torque 30 6.5 89 14 53 17.4 8.5 2
Boost 50 9.26 110 15 61 18 19 3
No Load 30 7.03 85 12 47 18 9 1.8
Flying
50 9.6 108 15 54 19 19 34
Flying+ | 3¢ 5.8 87 13 50 18 9.2 1.9
Torque
50 9l 109 16 5'9) 18 20 3.7
Boost
30 .53 100 14 54 18 9 2:2
Ramp
50 RO 127 17 56 18 20 4
Torque 30 7.8 95 16 51 18 10 2.5
Boost 50 10.5 128 19 56 19 19 43
Full Load 30 7.47 98 14 51 19 10 2
Flying
50 11.01 110 19 35 20 20 4.2
Flying+ 30 Y 114 15 53 18 9.6 20
Torque
50 10.87 123 19 64 18 20.2 4.2
Boost

@ o ! a a J d
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v ¥
M1319N 4.4 wammmmmiumﬁumﬁu 7 93N

dd?’ LY :::l o) £g o Y 9 55' g
ATUVUNNBUIINNUY ATUDONAIVUNNYULLAD 13Jﬁ13ﬂiﬂ‘lluulﬂ
[Load Mode 5
Tmax(%) |lac,max(A) |Pmax(kW)| Tmax(%) lac,max(A) Pmax(kW)
R 115.8 44 6.5 5 5 -
T 119 42 8.3 - = -
No Load
F 119 45 9.8 - - -
F+T 119 43 8.4 - - -
R 119 46 9.8 147 55 2.9
T 119 42 8.3 - - -
450 kg
I 115.8 44 6.5 1397 87.3 2.8
F+T 119 43 8.4 139 56 2.9
R 130 55 9.5 o x 5
T 135 54 11 * x *
Full Load
F 134 54 9.6 & * x
F+T 134 S5 10 % X *
2 d# Y Y
HUULNA % HUIYN mmmmwmwu"lﬂ
=4 1 é‘ Y 4
* D 5o lawsovu ldiaznesvasad
R Ramp
3¢ Torque Boost
F Flying

F+T Flying+Torque Boost
' 4 [l v
Foduna Hannz liussnmimiin wszvvansasenduumeiuld faazussnni
o a e o o S A o
iR 450 ke Tifo931UUY Torque Boost (MR aIIn00AR VLML 1A sz UL
[l v
I@ioefefiuumadu tazasaiiussymimin 700 kg nszuu liawisasendaniedig

) o QJ.
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1. 1A50491039%1ia Fluke i410 $1uu 161
2. 150910 AYLA Fluke 41B U 1 @9
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o’: o a [4 a a o
1. degtuuumsdhausesdunesiaes lumsisuAuuemes iy Ramp
o ddgy A&
2. AIMAINON 1FUN 50 Hz
o a o a -4 =1 g a
3. shaseunewes naenuiiiuguisutsaniizanusine
o &2 1 A ' A = o ~ 73 o a
4. TudindnanlFlumsisennannzngatissuieannzanusinegg,  wedidudussia
o @ a 9y
qaqa uazMaen lagage
v 0
5. asgUuuumstieuYesdunesiaes lumsEuAuNemesIdulLY Torque Boost, Flying,

Flying+Torque Boost L& UHUNTAIYE 3. 1A 4. MudIAL

NaN1INAA B
A13199 4.5 wan1sdsuana lunss
Mode flHz) | Acc Set(Sec) | Acc Time(Sec)| Tmax(%) Pmax(kW)
2 3% 120 20
4 9.36 95 18
Ramp 50 6 9.03 108 18
8 9.41 96 16
10 11.03 80 13
2 8.08 125 20
i 4 92 92 19
Torque
50 6 8.28 109 19
Boost
8 9.78 98 16
10 12.17 81 14
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A1319% 4.5(AD)

Mode fHz) | Acc Set(Sec) | Acc Time(Sec) | Tmax(%) Pmax(kW)
2 : 7.6 122 20
4 9.84 98 18
Flying 50 6 8.68 102 18
8 10.15 92 16
10 12.91 78 13
2 7.65 118 2]
Flying+ 4 9:58 97 16
Torque 50 6 9.42 105 19
Boost 8 QT2 88 13
10 11.68 76 14

A AY o A 4 a a a i L 3 o
WBINNNANITNATDINUBTINANAITASLIAT 6 IUIN umsmmwauﬂaimumsa
o e A o N =r £
YA WYNINITNUNIINANBINLIAT 4.5, 5 LA 7 IUIMN ‘V]‘gﬂLL‘U‘U Ramp YU

A5 19N 4.6 wansUsuanar lunsiswasy

Mode f(Hz) | Acc Set(Sec) | Acc Time(Sec) | Tmax (%)

4.5 9.77 104
Ramp 50 5 8.49 114
7 9.77 104

Y
9 Aad o 1

Jodana lunsdindasnafildlunsse 2, 4 waz 6 Ui sziRndiazvoensisaiy Tag
A3l 2 511t exil Samasueansisagqaiiqa szane 9-10 ﬂ%&ﬁﬂﬂ”ﬁﬁﬂﬁﬂﬁﬂﬂ%ﬁﬂﬂﬁd‘ﬂuﬁﬁ
aAEANNEIned 03l 4 S eedfevazmssedlszanm 7-8 a%e wnznsdi 6 uft ezl
Somazmstsalszana 3-4 A% dunsfifgrnaildlumssannnd 6 Juri wiifmae

v
YDINIITUNBIAT 1AL
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2 %usniug&hmumsmuqmmu Flying + Torque Boost
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4. daindnsniuliuusednias 2 au

5. dunamilouds 3 wnseiesaliaunsamdouiilu g vieRaUfAsndlia uduudin
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1. wednyanuamsalumsesndvessa lvivh

gnsalnlFluninaass

1. sa'lvdh

2. WIRNMIunan

v
JUADUNITNAADY

1. duselwflugluuumsaiuguuuy Ramp Hin01wd 50 Hz (AWI57 24 km/hr) wmie

V339NN 700 kg

[ o‘l, ' @ o a o
2. IWIAAILATDDDNAIIUNTE VNI AUANULTIYITA

3. 'V]"ummﬁmﬁuiugﬂuwma‘muannamaé’xm‘u Torque Boost,Flying tta¢ Flying+Torque

Boost
NANIINADDY
11971 4.8 Har s s iinszuas Lifianss
Mode Ramp | Torque Boost Flying Flying+Torque Boost
Time No load 9 9.26 9.64 9.1
(Sec) Full load 9.5 10.5 11.10 10.87
M7 49 msfmaanussvae e lfiase
Accelerate
No load Full load
Mode
; Time from 0 to 100 ; Time from 0 to 100
m/s m/s
km/hr (Sec) km/hr (Sec)
Ramp 0.74 37.50 0.70 39.58
Torque Boost 0.72 38.58 0.63 43.75
Flying 0.69 40.17 0.60 46.25
Flying+Torque Boost 0.73 37.92 0.61 45.29
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1. 5ol

2. NITADUNIW 700 kg

J
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v
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I

U5UANUD 60 Hz

w

Munnm nszuauaznas v gagaiuan1zae

4. Huniloudo 3. NAWH 80 100 1182 150 Hz

WNANIINANDY
M7 4.10 waNANUD IR
f(Hz) Imax(A) [stcady(A) Pmax(kW) Pstcady(kW)
60 7 60 % 25 ; 2()7~ ; 9.6
80 66 38 25 10
100 71 49 27 20
150 82 65 33 22
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Squirrel-Cage Motors
Technical Information

Torque characteristics

In the following torque characteristics
M the torque is plotted as % of the rated value,

M the speed is plotted as % of the synchronous speed.
CL Torque class
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Squirrel-Cage Motors
Dimensions
" Type of constructionIMIB 3

1LAG6, TMAG - Frame sizes 180 Mto 315 L

i £ PalsiaADLaE s
~—LL—— : ~| AS |- AG - |
b e i i
- M, L — =y
?.!ﬁ ©T s |
gl

|
~DA

|
]
AC

|
> |
e Frame sizes 180 M/L, 225 S/M,
"LBA st § san 280 S/M and 315 S/M have feet
with 2 holes each at the non-drive end.

el # 23 3§

368* 419

368 419

406* 457

406 457*

508

* This dimension is assigned to the
specified frame size in DIN EN 50 347.

1) Measured across the bolt heads.
2) Design with low-noise fan.

3) Asecond shaft extension and/or
 pulse generator mounting is not ave -
bgible for low-noise design.

. boxes onreques




Squirrel-Cage Motors
Dimensions

Types of constructionIMB5and IMV 1

1LA6, 1MAG6 - Frame sizes 180 Mto 315L

Type of construction IM B 5 Type of construction IM V1
(up to frame size 315 M only)

The motors are supplied with two fitted eyebolts conforming to IM B 5.
One of them can be repositioned to conform to IMV 1 or IMV3. Z = Number of
Care must be taken to avoid perpendicular stress. fixing holes

PRl Awe arh s : sl
3168 1 ig10 2 sk AGGO 645 515.:805 250 430 690 135 90 248 180 1110 1185 22 1260 140 266
4108 1140 — 1290 170
315M ....313 . 2 645 615 805 250 430 590 135 90 248 180 1110 1185 22 1260 140 266
4108 e 1140 - 1290 170
315L ....316 L. 2 e 645 515 805 250 430 580 136 90 248 180 1250 1326 ' 22 1400 140 266
: ....317 1 4108 v y : § 1280 " yige s 1430 170 :
..318  6and8 : ; SR 1430 170
lzledmen_suon?ofthfe i e : 1) Measured across theboltheads. ™
lt08-p(l?|e:tg;’55(c<3ﬁs_!gn‘.ar§ : S ; 2) Design with low-noise fan.
alsoappicabio o the POk , S - 3), A second shaft extension and/or ;
changingdesignoftype ..~ - - e “ 1 pulse generator mountingis notavail-
1LAmotors (6 terminals). . ° : _ ] %@t}jeforlow—noise design. d

B Dimensions for 9-terminal
boxes on request.




Squirrel-Cage Motors
Dimensions

_Type of construction IM B 35

1LAG6, TMAG - Frame sizes 180 M to 315 L

M1-51420

pm—oAD ~—.-;

i Wil
Bl g
jJJ_

Frame sizes 180 M/L, 225 SIM, Z = Number of
280 S/M and 315 S/M have feet fixing holes
with 2 holes each at the non-drive end.

- 80 241%*279 75 121

AT 27965 344 1375275 140 235 - 80 241 279* 70 108 319 35 75121 - - 180 26 415 40

A400 318 :80 398 415 310 155 250 100 305 - B85 B85 355 42 85 133 239 - 200 34 450 45
318 80 398 415 310 155 250 100 305 - 85 85 355 42 85 133 239 200 34 450 45

500 70
500 70

A450 - 356 80 436 470 335 155 275 100 286*311 85 110 361 25 90 149 269 - 225
356 :80..436°470 335 155 275 100 286 311* 85 110 361 25 90 149 - 244 225

250M. ... v

y o A_55b 7-406 100 506 520 430 200 345 120 349 - 100 100 409 33 105 168 283 - 250 42 585 50
280S . . -AB50 --457 100 557 575 455 200 370 120 368*419 100 151 479 30 105 190 317 - 280 42 640 80
280 M . 457 100 657 575 455 200 370 120 368 419* 100 151 479 30 105 190 - 266_230 42 640 80
3168 ..... A660 - 508 120 628 645 515 250 430 135 406%457 125 171 527 32 90216 358 .- 315 52 710 65
315M ....313 2 508 120 628 645 515 250 430 135 406 457* 125 171 527 32 90 216 - 307 315 52 710 65
. 4108
316L:- ....316:]:2 i 508 120 628 645 515 250 430 135 508 - 120 120 578 32 90 216 396 - 315 52 710 65
: e 317 4108 i
....318 . 6and8
M The dimensions of the 4- to . * This dimension s assigned to the
~8-pole basic design are also : . specified frame size in DIN EN 50 347.
app!lcable to the polechanging 1) Measured across the bolt heads.
design Pf type 1LAG motors 2) Design with low-noise fan.
{6 terminals). . 3) Asecond shaft extension and/or

pulse generator mounting is not avail-

B Dimensions for 9-terminal - able for low-noise design.

boxes on request.



Squirrel-Cage Motars
Basic design - Cast-iron enclosure
DR lE L =

Selection and ordering data

Rated Frame  Order No. Performance at rated output Lo-fotor Lo.-fotor Breakdown Torque Moment Weight
output size % torque  current  torque class charac- of
For Order No. Rated Effi- Power Rated Rated teristic inertia
suffixes speed ciency factor current  torque For direct-online starting in acc.to J Typeof
for voltage and n pf. at multiples of rated pages constr.
type of constr. 400V torque  current  torque 2/10to IMB3
see 213
table below i 3pprox.
kw mm % A Nm CL kgm? kg
1000 rpm, 6-pole, 50 Hz
0.75 90S  1LG80S0-6AD.. 8390 68.3 075 22 8 1.6 3.1 19 A 15 | 0.0025 20
1 B 0L 1LG8096-6AB.. 910 69.8 0.72 3.2 12 20 35 23 13 A 0.0036 22
15 100L 1LG8106-6AB.. 940 76.4 0.70 4.3 15 2.2 4.1 25 13 A 0.0086 35
22 112M  1LG8113-6AD.. 945 80 075 55 22 18 45 20 pA 15 0.014 38
3 1328 1LG8 130-6AA.. 960 85.3 0.80 6.5 30 26 58 26 16. - 1 0.03 59
4 132M  1LG8133-6AB.. 955 85 0.80 88 40 2:2 'Hs) 26 13 <A 0.03 67
55 132M  1LG8134-6AA.. 955 85 0.80 11.8 55 2.5 6.0 2.6 16« JE] 0.04 72
7.5 160M  1LG8163-6AA.. 965 87.9 0.82 153 74 25 6.5 28 16 < 0.10 108
11 160 L 1LG8166-6AB.. 965 89 0.82 225 109 73 6.5 2.6 13+ A 0.13 130
15 180L  1LA6186-6AA.. 970 89 083 295 148 26 H{ 24 16 =3 0.2 180
185 200L 1LA6206-6AA.. 975 -90.2 083 35.5 181 2.6 &1 23 16 Y . 029 240
22 1LA6207-6AA.. 975 90.8 0.83 425 215 25 5.7 23 16 <= - 3033 2585
30 225M  1LA6223-6AA.. 978 92.0 084 56 293 2.6 5.7 2.2 I 4 0.57 305
37 250M  1LA6253-6AA.. 980 . 924 0.84 69 361 2.6 6.0 2.1 16 - Y - 0.89 410
45 280S 1LA6280-6AA.. 982 93.0 086 81 438 24 6.0 28 115 e [4] 13 540
55 280M  1LA6283-6AA.. 984 93.0 0.86 99 634 25 6.2 24 16 B 15 580
75 3158 1LA6310-6AA.. 988 93.8 0.85 136 725 24 6.2 25 16 - Y 24 770
30 315M 1LA6313-6AA.. 988 94.2 0.85 162 870 24 6.2 5, .- YR 29 830
110 3151 1LA6316-6AA.. 988 94.7 0.85 198 1060 26 6.6 25 35 970
132 31501 1LA6317-6AA.. 986 94.7 0.86 235 1280 2.3 6.6 2.2 43 1060
160 315L 1LA6318-6AA.. 988 95.0 0.87 280 1550 24 6.6 2.3 4.9 1100
200 .315 1LA8315-6AB.. 989 95.7 087 345 1930 2.0 6.3 25 6.0 1300
250 ¢ 1LA8317-6AB.. 989 95.9 087 430 2410 20 6.3 2.5 Tt 1.3 1500
315 355 1LA8355-6AB.. 993 96.2 087 540 3030 2.2 6.5 28 A8 2000
400 . 1LA8357-6AB.. 993 96.5 0.87 690 3850 22 6.5 2.8 2216 2200
450 400 1LA8B403-6AB.. 992 96.5 0.86 780 4330 22 6.5 L. 428 21 2800
500 : 1LA8405-6AB.. 992 96.5 087 860 4810 23 6.5 28 24 3000
560 1LA8407-6AB.. 992 96.7 087 . 960 5390 253 6.8 2.8 w =27 3200
630 450 1LA8453-6AB.. 993 96.8 0.86 1100 6060 20 65 26 35 4000
710 1LA8455-6AB.. 993 96.8 087 710 6830 20 6.5 25 39 4200
800 1LA8457-6AB.. 993 97.0 087 790¢ 7690 - 2.0 6.5 25 44 4500
@ Rated current at 690 V.
Order No. suffixes
Motor type Penultimate position: Voltage code Last position: Type of construction code
50 Hz 60 Hz IMB3 (extracharge)
230VA/ 400VA/ 500VY 500VA 690VA 460VY 460VA IMB5 IMV1 IMV1 IMB14 IMB14 MB35
400VY 690 VY without with with with
(see page 2/7 canopy canopy standard custom
/ for outputs) flange  flange
1LG80390to0 1LGB096 1 6 3 - - 1 6 0 1 1 4 2% =3 6
1LG8106t0 1LG8 166 1 6 3 5 - 1 6 0 1 1 4 2 | 6
1LA6186t0 1LA6207 1 6 3 5 - 1 6 0 1 1 4 - S 6 §
1LA6223t0 1LA6313 1 6 3 5 - - 6 0 1 1 4 - - 6 :
1LA6316t0 1LA6318 - 6 - 5 - - 9L2F 0 - 8 4 - - 6 2
1LA8315t01LA8453 - 6 = 5 = = 9L2F [} = 8 4 = oo 6 i
1LA8455and 1LAB457 - - - 5 0 - on request 0 - 8 4 - - 6 ;
Voltage code “9” for other voltages and/or frequencies. :
Order numbers must be specified in this case (see page 2/5). g
Please refer to pages 2/22 and 2/23 for types of construction. 3
H Parallel feeders required (see pages 2/18 and 2/19)
Spannung -~ 1LA6 1LA8
186 206 207 223 253 280 283 310 313 316 317 318 315 317 355 357 403 405 407 453 455 457
230V o
400V 2 > ] L] [ ] ] |

500V ] ] [ | |



K Control Terminals :
Main I/O terminal X1

Table 6
X1 | Identification Description
1 |SCR Terminal for signal cable screen. (Connected internally to frame earth.)
2 |Al1 Analogue input channel 1, programmable.
Default: 0-10 V(R; =200 kQ) (J1:Al1 open) <=> 0 - 50 Hz frequency reference
0-20 mA (R, =500 Q) (J1:Al1 closed) <=> 0 - 50 Hz frequency reference
Resolution 0.1 % accuracy +1 %.
3 | AGND Analogue input circuit common. (Connected internally to frame earth through 1 MQ)
4 [10V 10 V/10 mA reference voltage output for analogue input potentiometer, accuracy +2 %.
5 [Al2 Analogue input channel 2, programmable.
Default: 0 -20 mA (R, = 500 Q) (J1:Al2 closed)
0-10V (R, = 200 kQ) (J1:Al2 open)
Resolution 0.1 % accuracy +1 %.
6 | AGND Analogue input circuit common. (Connected internally to frame earth through 1 MQ.)
7 | AO1 Analogue output, programmable. Default: 0 - 20 mA (load < 500 ) <=> 0 - 50 Hz output
frequency. Accuracy: +3 % typically.
8 | AGND Common for DI return signals. (Connected internally to frame earth through 1 M)
9 |24V Auxiliary voltage output 24 V DC +20 %, -10 % / 250 mA (reference to AGND).
Short circuit protected.
10 | DCOM1 Digital input common 1 for DI1, DI2 and DI3. To activate a digital input, there must be

2+10V (or s-10 V) between that input and DCOM1. The 24 V may be provided by the
ACS 400 (X1:8) as in the connection examples (see L) or by an external 12 - 24 V source
of either polarity.

DI Configuration

Factory (0) Factory (1)

11| D1 Start. Activate to start. Motor will ramp up to | Start. If DI 2 is activated, momentary
frequency reference. Disconnect to stop. activation of DI 1 starts the ACS 400.
Motor will coast to stop.

12 (DI 2 Reverse. Activate to reverse rotation Stop. Momentary inactivation always stops
direction. the ACS 400.

13 |DI3 Jog. Activate to set output frequency to Reverse. Activate 10 reverse rotation
jogging frequency (default: 5 Hz). direction.

14 | DI 4 Must be deactivated for Factory 0). Must to be activated for Factory (1).

15 |DIS Ramp pair selection (ACC1/DEC1 or ACC2/DEC2).

16 | DCOM2 DCOM2 digital input common 2 for DI4, DI5

17 | RO1C Relay output 1, programmable (default operation: fault => 17 connected to 18).

18 [RO1A 12-250 VAC/30VDC,10mA-2 A

19 [ RO1B B

20 | RO2C Relay output 2, programmable (default operation: running => 20

21 | RO2A Q connected to 22) 12-250 VAC/30V DC,10mA-2 A

22 | RO2B Poeeme

Digital input impedance 1.5 k.
Use multi-strand 0.5-1.5 mm? wire.

Note! DI 4 is read only when powered-up (Factory macro 0 and 1).
Note! For fail safe reasons the fault relay signals a “fault”, when the ACS 400 is powered down.

20
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P Protection Features

The ACS 400 has a number of protective features:
Overcurrent « Input phase loss (3~)

Output earth fault
Output short circuit

Stall protection
Underload

Overvoltage * 1/O terminal short circuit protection

Undervoltage * Motor overload protection (see Q)

Overtemperature * Qutput overload protection (see R)
.

The ACS 400 has the following LED alarm and fault indicators:

¢ Forlocation of LEDs, see section E or if ACS-PAN-A control panel is connected, see the
instructions on page 29.

Table 8
Red LED: oft Green LED: blinking
ABNORMAL CONDITION
POSSIBLE CAUSES: ABNORMAL CONDITION:
* Acceleration or deceleration ramp is * ACS 400 cannot fully follow control
too fast in relation to load torque commands.
requirement « Blinking lasts 5 seconds.
* A short voltage interruption

Table 9
Red LED: on Green LED: on
FAULT

POSSIBLE CAUSES: ACTION:

« Transient overcurrent « Give a stop signal to reset fault.

» Over-/undervoltage « Give a start signal to restart the drive.
* Overtemperature

¢ Motor overload (see section Q)

CHECK: NOTE:

= the supply line for disturbances. * If the drive fails to stant, check that the
« the drive for mechanical problems that input voltage is within the tolerance

might cause overcurrent. range.
 that the heat sink is clean.

Table 10
Red LED: blinking Green LED: on
FAULT
POSSIBLE CAUSE: ACTION:
* Output earth fault ¢ Tum the power off.
« Short circuit * Wait for the LEDs to turn off.
« DC bus ripple too large * Turn the power back on.
CHECK: Cautlon! This action may start the drive.
* the insulation in the motor circuit.
* Fuses and main phase.

Note! Whenever the ACS 400 detects a fault condition, the fault relay activates. The motor stops
and the ACS 400 will wait to be reset. If the fault still persists and no external cause has been
identified, contact your ACS 400 supplier.
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S Type Series and Technical Data

Table 11
400 V series

Pt | acsaor.| 04| 005 | 006 | 00s- | o11- | ot6- | o020- | 025- | 030- | 0at-
£10 % 48 - 63 Hz X | 3X | 3X | 3X | 3X | 3IX]| IFX| 3IX| 3IFIX| I
Frame size R1 R2 R3 R4
Nominal ratings
(See G) Unit
Nominal motor Py | kW 3.0 4.0 |55 25 1 15 185 |22 30 37
Squared torque
Input current lingq | A €.2 8.3 111|148 |215 |29 35 41 56 68
Continuous output | A 6.6 8.8 116 4 16.8 |23 30 38 44 59 72
current lonsq
Max. output current | A 73 9.7 12:8. 1168111253133 42 48 65 79
lansamax *
Nominal motor Py | kW 2:2-) 3.0~ 4.0, 5.5 [7.5 =[ 15 185 |22  [30
Constant torque
and power
Input current Iy A 4.7 6.2 8.3 111 148 |215 |29 35 41 56
Continuous output | A 49 6.6 8.8 1.6 153 |23 30 38 44 59
current lon*
Max. outputcurrent | A 7.4 9.9 132 |17.4 |23 34 45 57 66 88
I2Nmax
Output voltage U, |V 0-U,
Switching kHz 4 (Standard)
frequency fgw 8 (Low noise **)
Protection limits | (See O)
Overcurrent (peak) | A 20.3 | 275 | 37 ]48 ] 64 r76 ]99 [125 1 145 | 195
Overvoltage:
Trip limit vDC 842 (corresponds to 624 VAC input)
Undervoltage:
Trip limit vDC 333 (corresponds to 247 VAC input)
Overtemperature | °C 95 (heat sink)
Max. cable length [ m
fsw = 4 kHz 100 200 200 200
fsw =8 kHz 50 100 100 100
Max. wire sizes and screw torque of connectors
Power terminals ***| mm? 10, AWG6 (stranded)/ 16, AWG4 35, AWG2 (stranded) /

Torque 1.3-1.5 Nm (stranded)/ | Torque 3.2-3.7 Nm
Torque
1.5-1.8 Nm

Control terminals | mm? 0.5 - 1.5 (AWG22...AWG16) / Torque 0.4 Nm
Line fuse 3~ **** | A 10 10 16 16 25 35 50 50 63 80
ACS401-
Power losses (at nominal point)
Power circuit w 90 120 |170 |230 |330 [450 |560 |660 ([900 |1100
Control circuit w 6 6 6 6 6 6 6 6 6 6

* Power stages are designed for the continuous loysq current. These values are valid when the
altitude is less than 1000 m ASL. See Q.
“* Low noise setting only available with optional control panel. Derate Py and |, to 80%.
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PROGRAMMING
ACS-PAN-A Control Panel

ACS-PAN-A is an alphanumeric control panel with LCD display and multiple languages. The control
panel can be connected to and detached from the converter at any time. The panel can be used to
copy parameters to other ACS 400 converters with the same software revision (parameter 3301).

Run indicator
U T
haft di i
Control modes “ Shatt direction
i UP/DOWN
Display modes ——&L P07 OC RE
MENU 7 ENTER
Green LED s i [
Red LED ~— ]
RESET ~4 o< START/STOP

LOC/REM REVERSE

Control Modes

The very first time the drive is powered up, it is controlled from the Control Terminal Block X1 (remote
control, REM). The ACS 400 is controlled from the control panel when the drive is in local control
(LOC).

Switch to local control (LOC) by pressing and holding the LOC/REM button until first LOCAL
CONTROL or later LOCAL, KEEP RUN is displayed:

e If the button is released while LOCAL CONTROL is displayed, the panel frequency reference is
set to the current external reference and the drive is stopped.

*  When LOCAL, KEEP RUN is displayed, the current run/stop status and the frequency reference
are copied from the user I/O.

Start and stop the drive by pressing the START/STOP button.

Change the shaft direction by pressing the REVERSE button (parameter 1003 must be set to
REQUEST).

Switch back to remote control (REM) by pressing and holding the LOC/REM button until REMOTE
CONTROL is displayed.

Shaft Direction
RUN > * Drive is running and at setpoint
<RUN i e Shaft direction is forward (>) or reverse (<)
RUN > (or < RUN) Arrow head blinking rapidly | Drive is running but not at setpoint.
> (or <) Arrow head blinking slowly Drive is stopped.

ACS 400 User's Manual 29



Application Macro Factory (0)

This macro is intended for applications where there’is NO control panel available. It provides a
general purpose 2-wire /O configuration.

The value of parameter 9302 is 0 (FACTORY). DI4 is not connected.

Input signals

Output signals DIP switch

» Start, stop and direction (DI1,2) ¢ An. output AO: Frequency  Al1: -' 0-10V

* Analogue reference (Al1)
+ Constant speed 1 (DI3)
* Ramp pair 1/2 selection (DI5)

L SRSCH
2 |[A
Ll F+iov
s |]AI2
s ||AGND |
TTTAOT
s | AGND
o | +24V
Ll Tocom]
2 = [DI
S o N
e to v BH)
“
| S 8§ - | R 5

16 M
17 Ro1 c
18| RO1A
19| ROIB
» | RO2C
2| RO2A
2| RO2B |-

* Relay output 1: Fault Al2:1 19D 0(4) - 20 mA
* Relay output 2: Running

External Reference 1: 0...10 V <=> 0...50 Hz

Reference voltage 10 VDC
Not used

Output frequency 0...20 mA <=> 0...50 Hz

+24 VDC

Start/Stop: Activate to start ACS400
Fwd/Rev: Activate to reverse rotation direction

Constant Speed 1: Default: 5 Hz
Leave unconnected!*

Ramp pair selection. Activate to select ramp pair 2.

Relay output 1, programmable
Default operation: Fault =>17 connected to 18

Relay output 2, programmable
Default operation: Running =>20 connected to 22

*Note! DI 4 is used to configure ACS 400. It is read only once when power is connected. All
parameters marked with * are determined by the DI4 input.

Factory (0) parameter values:

* 1001 EXT 1 COMMANDS 2(DI1,2) 1503 AO CONTENT MAX 50.0 Hz
1002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL)
1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 6 (START/STOP)
1102 EXT1/EXT2 SEL 6 (ExT1) 2008 MAXIMUM FREQ 50 Hz
1103 EXT REF1 SELECT 1 (A1) 2105 PREMAGN SEL 0 (NOT SEL)
1105 EXT REF1 MAX 50 Hz 2201 ACC/DEC 1/2 SEL 5 (DI5)
1106 EXT REF2 SELECT 0 (KEYPAD) 4001 PID GAIN 1.0

¥ 1201 CONST SPEED SEL 3(D13) 4002 PID INTEG TIME 60 s
1401 RELAY OUTPUT 1 3 (FAULT (-1)) 4101 PID GAIN 1.0
1402 RELAY OUTPUT 2 2 (RUN) 4102 PID INTEG TIME 60s
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Group 01: Operating Data

This group contains drive operating data, including actual signals and fault memories. Actual Signal
values are measured or calculated by the drive and they cannot be set by the user. Fault memories
can be cleared by the user from the control panel.

Code

Description

0102

SPEED
Displays the calculated speed of the motor (rpm).

0103

OUTPUT FREQ
Displays the frequency (Hz) applied to the motor. (Also shown in OUTPUT display.)

0104

CURRENT
Displays the motor current, as measured by the ACS 400.
(Also shcwn in OUTPUT display.)

0105

ITORQUE
Output torque. Calculated value of torque on motor shaft in % of motor nominal torque.

0106

POWER
Displays the measured motor power in kW.

Note! ACS100-PAN will not display the unit (“kW").

0107 |DC BUS VOLTAGE
Displays the DC bus voltage, as measured by the ACS 400. The voltage is displayed in Volts DC.
0109 |OUTPUT VOLTAGE
Displays the voltage applied to the motor.
0110 |ACS 400 TEMP
Displays the temperature of the ACS 400 heatsink in Centigrade.
0111 |EXTERNAL REF 1
IThe value of external reference 1 in Hz.
0112 [EXTERNAL REF 2
[The value of external reference 2 in %.
0113 |CTRL LOCATION
Displays the active control location. Altematives are:
0 = LOCAL
1=ex7l
2 = Ex12
See “Appendix A", starting page 149, for description of different control locations.
0114 |RUN TIME (R)
Shows the total running time of the ACS 400 in hours (h). Can be reset by pressing UP and DOWN buttons
simultaneously when in parameter set mode.
10115 |kWh COUNTER (R)
Shows the counted kilowatt hours of the ACS 400 in operation. Can be reset by pressing UP and DOWN
buttons simuttaneously when in parameter set mode.
0116 |APPL BLK OUTPUT
The reference value in per cent received from the application block. The value is from PID control or PFC
control, depending on the selected macro. Otherwise the value is from 0112 ExT REF 2.
10117 |DI1-DI4 STATUS

Status of the four digital inputs. Status is displayed as a binary number. If the input is activated, the display
will indicate 1. If the input is deactivated, the display will be 0.

ACS100-PAN e ACS-PAN
' B 000001101BIN
BT
DI4 DI3 Di2 DI1
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Code [Description
0118 Al S
Relative value of analogue input 1 displayed in %.
0119 |AI2
Relative value of analogue input 2 displayed in %.
0121 |DI5 & RELAYS
Status of digital input 5 and relay outputs. 1 indicates that the relay is energised and 0 indicates that the
relay is de-energised.
ACS100-PAN | ACS-PAN
Edld 000000101BIN
DIs ——I
Relay 2 status —M —w—|
Relay 1 status
0122 |AO
Value of analogue output signal in milliamperes.
0124 |ACTUAL VALUE 1
PID/PFC controller actual value 1 (ACT1), displayed in per cent.
0125 |ACTUAL VALUE 2
PID/PFC controller actual value 2 (ACT2), displayed in per cent.
0126 |[CONTROL DEV
Displays the ditference between the reference value and the actual value of the PID/PFC controller.
0127 |PID ACT VALUE
Feedback signal (actual value) for PID/PFC controller.
0128 [LAST FAULT
Last recorded fault (0=no fault). See “Diagnostics™, starting page 143.
Can be cleared with the control panel by pressing UP and DOWN buttons simultaneously when in
parameter set mode.
0129 |PREVIOUS FAULT
Previous recorded fault. See “Diagnostics”, starting page 143.
Can be cleared with the control panel by pressing UP and DOWN buttons simultaneously when in
parameter set mode.
0130 |OLDEST FAULT
Oldest recorded fault. See “Diagnostics”, starting page 143.
Can be cleared with the control panel by pressing UP and DOWN buttons simultaneously when in
parameter set mode.
0131 |SER LINK DATA 1
Free data location that can be written from serial link.
0132 [SER LINK DATA 2
Free data location that can be written from serial link.
0133 |SER LINK DATA 3
Free data location that can be written from serial link.
0134 |PROCESS VAR 1
Process variable 1, as selected by the parameters in group 34.
0135 [PROCESS VAR 2
Process variable 2, as selected by the parameters in group 34.
0136 [RUN TIME
Shows the total running time of ACS 400 in thousands of hours (kh).
0137 |MWh COUNTER
Counts the megawatt hours of ACS 400 in operation.
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Group 20: Limits

Code |Description

2003 |[MAX CURRENT

Maximum output current.
[The maximum output current that the ACS 400 will supply to the motor.

OVERVOLT CTRL
DC overvoltage controller enable.

Fast braking of a high inertia load causes the DC bus voltage to rise to the overvoltage control limit. To
prevent the DC voltage from exceeding the trip limit, the overvoltage controller automatically decreases the
braking torque by increasing output frequency.

Caution! If a braking chopper and a braking resistor are connected to the ACS 400, this parameter value
must be set to 0 to ensure proper operation of the chopper.

0 = DISABLE
1 = ENABLE
UNDERVOLT CTRL

DC undervoltage controller enabls.

If the DC bus vottage drops due to loss of input power, the undervoltage controller will decrease the motor
speed in order to keep the DC bus voltage above the lower limit. By decreasing the output frequency, the
inertia of the load will cause regene ration back into the ACS 400, thus keeping the DC bus charged, and
preventing an undervoltage trip. This will increase power loss ride-through on systems with a high inertia,

such as a centrifuge or a fan.
0 = DISABLE

1 = ENABLE (TIME)
Enable with 500 ms time limit for operation.

2 = ENABLE
Enable without time limit for operation.

2007 [MINIMUM FREQ
Operating range minimum output frequency.

Note! Keep MINIMUM FREQ < MAXIMUM FREQ.

2008 |[MAXIMUM FREQ
Operating range maximum output frequency.
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Group 21: Start/Stop

ACS 400 supports several start and stop modes, including flying start and torque boosting at start.
DC current can be injected either before the start command (premagnetising) or automatically right
after the start command (starting with DC hold).

DC hold can be used when stopping the drive with ramp. If drive is stopping by coasting, DC brake
can be used.

Note!

Too long a DC injection time or premagn max time causes the motor to heat up.

Code

Description ke

2101

Conditions during motor acceleration.

1 = RAMP
Ramp acceleration as sat

2 = FLYING
Flying start. Use this setting if the motor is already rotating and the drive will start smoothly at the current
frequency. The drive will automatically search the correct output frequency.

; |

START FUNCTION ]'
|

|

4

|

\

3 = TORQUE BOOST

Automnatic torque boost might be necessary in drives with high starting torque. Torque boost is only applied
at start. Boosting is stopped when output frequency exceeds 20 Hz or when output frequency is equal to
reference. See also parameter 2103 TORQ BOOST CURR.

4 = FLY + BOOST
Activates both the flying start and torque boost.

Note! If torque boost is used the switching frequency is always 4 kHz. In this case parameter 2605 Low
NOISE is ignored.

2102

STOP FUNCTION
Conditions during motor deceleration.

1= COAST
Motor coasts to stop.

2 = RAMP
Ramp deceleration as defined by the active deceleration time 2203 DECELER TIME 1 or 2205 DECELER TIME 2.

2103

TORQ BOOST CURR
Maximum supplied current during torque boost. See also parameter 2101 START FUNCTION.

2104

STOP DC INJ TIME
DC injection time after modulation has stopped. If 2102 STOP FUNCTION is 1 (coasT), ACS 400 usas DC
braking. If 2102 STOP FUNCTION is 2 (RAMP), ACS 400 uses DC hold after ramp.

2105

PREMAGN SEL

Options 1- 5 select source for premagnetising command. Option 6 selects start with DC hold.
0 = NOT SEL

Premagnetising not used.

1...5=DI1..DI5
Premagnetising command is received through a digital input.

6 = CONST
Constant premagnetising time after start command. Time is defined by parameter 2106 PREMAGN MAX TIME.

2106

PREMAGN MAX TIME

Maximum premagnetising time.
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Code [Description

2107 [START INHIBIT
Start inhibit control. Start inhibit means that a pending start command is ignored when:
< fault is reset, or
* Run Enable activates while start command is active, or
« mode change from local to remote takes place, or
* mode change from remote to local takes place, or
* when switching from exT1 to ExT2 takes place, or
* when switching from exT2 to ExT1 takes place

0 = OFF

while there is a pending start command.

1=0N
Start inhibit control enabled. Drive will not start after fault is reset, Run Enable is activated or mode is
changed. In order to start the drive again, give start command anew.

Startinhibit control disabled. Drive will start after fault is reset, Run Enable is activated or mode is changed

ACS 400 User's Manual
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Group 22: Accel/Decel

Two acceleration/deceleration ramp pairs can be used. If both ramp pairs are used, selection can be
made between these in run time through a digital input. The S curve of the ramps is adjustable.

Code |Description
2201 |ACC/DEC 1/2 SEL

Selects the source for the ramp pair sslection signal.

0 = NOT SEL

The first ramp pair is used (ACCELER TIME 1/DECELER TIME 1).

1..5 = DI1...DIS

Ramp pair selection is done through a digital input (DI1 to DI5).

Digital input deactivated = Ramp pair 1 (ACCELER TIME 1/DECELER TIME 1) is used.

Digital input activated = Ramp pair 2 (ACCELER TME 2DECELER TiME 2) Is used
2202 |ACCELER TIME 1

Ramp 1: time from zero to maximum frequency (0 - MAXIMUM FREQ).
2203 |DECELER TIME 1

Ramp 1: time from maximum frequency to zero (MAXIMUM FREQ - 0).
2204 |ACCELER TIME 2

Ramp 2: time from zero to maximum frequency (0 - MAXIMUM FREQ).
2205 |DECELER TIME 2

Ramp 2: time from maximum frequency to zero (MAXIMUM FREQ - 0).
2206 |RAMP SHAPE

Acceleration/deceleration ramp shape selection

0 = LINEAR

1 = FAST S CURVE

2 = MEDIUM S CRV

3 = SLOW S CURVE

Output frequency
A
MAXIMUM FREQ + — — — —
Linear
S curve |
+ —p Time
Ramp time

Figure 42 Definition of acceleration/deceleration ramp time.
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Group 30: Fault Functions

ACS 400 can be configured to respond as desired to certain abnormal external conditions: analogue
input fault, external fault signal and panel loss.

In these cases, the drive can either continue operation at current speed or at a set constant speed
while showing an alarm, ignore the condition, or trip on a fault and stop.

Motor thermal protection parameters 3004 - 3008 provide a means of adjusting the motor load curve.
For example, limiting the load near zero speed might be necessary if the motor does not have a
cooling fan.

Stall protection (parameters 3009 - 3012) includes parameters for stall frequency, stall time and
current.

|Code |Description

3001 |Al<MIN FUNCTION
Operation in case of Al signal drops below fault limit 3022 i1 FLT LIMIT or 3023 AI2 FLT LIMIT.

0 = NOT SEL
No operation.

1= FAULT
A fault indication is displayed and the ACS 400 coasts to stop.

2 = CONST SP 7
A warning indication is displayed and the speed is set according to parameter 1208 CONST SPEED7.

3 = LAST SPEED
| A warning indication is displayed and the speed is set to the level the ACS 400 was last operating at. This
\value is determined by the average speed over the last 10 seconds.

Caution: If you select CONST SPEED 7 or LAST SPEED, make sure that it is safe to continue operation in case
analogue input signal is lost.

3002 [PANEL LOSS
Operation in case of control panel loss fautt.

1= FAULT
A fault indication is displayed and the ACS 400 coasts to stop.

2 = CONST SP 7
A warning indication is displayed and the speed is set according to parameter 1208 CONST SPEED7.

3 = LAST SPEED
A warning indication is displayed and the speed is set to the level the ACS 400 was last operating at. This
value is determined by the average speed over the last 10 seconds.

Caution: If you select CONST SPEED 7 or LAST SPEED, make sure that it is safe to continue operation in case
panel is lost.

3003 |[EXTERNAL FAULT
External fault input selection.

0 = NOT SEL
External fault signal is not used.

14.5:=011:..D1S
This selection defines the digital input used for an extemal fault signal. If an extemal fault occurs, i.e. digital
input is deactivated, the ACS 400 is stopped and the motor coasts to stop and fault indication is displayed.
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ICode

Description

3004

MOT THERM PROT 2
Motor overtemperature function. This parameter defines the operation of the motor thermal protection
function which protects the motor from overheating.

0 = NOT SEL

1 = FAULT
Displays a warning indication at the warning level (97.5 % of the nominal value). Displays a fault indication
iwhen the motor temperature reaches the 100 % level. The ACS 400 coasts to stop.

2 = WARNING
/A warning indication is displayed when the motor temperature reaches the warning level (95 % of the
Inominal value).

3005

[MOT THERM TIME
[Time for 63 % temperature rise. This is the time within which the motor temperature reaches 63 % of the
ffinal temperature rise. Figure 45 shows motor thermal time definition.

Motor load

Temp. Rise - |

, 100% 1 —— =~ =
1 63 fovard .

§ Mot therm time

Figure 45 Motor thermal time.

3006

MOT LOAD CURVE

Motor current maximum limit. MOTOR LOAD CURVE sets the maximum allowable operating load of the motor.
When set to 100 %, the maximum allowable load is equal to the value of Start-up Data parameter 9906
MOTOR NOM CURRENT. The load curve level should be adjusted if the ambient temperature differs from the
nominal value.

Output current (%) relative
to 9906 MOTOR NOM CURR

A
180 +

3006 MOT LOAD CURVE 100 4+ — — — — —

|
I
3007 ZERO SPEED LOAD 50 -/

Frequency
3008 BREAK POINT

Figure 46 Motor load curve.

13007

ZERO SPEED LOAD
This parameter defines the maximum allowable curent at zero speed relative to 9906 MOTOR NOM CURR.
Refer to Figure 46.
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Code

Description

3008

BREAK POINT
Break point of motor load curve. Refer to Figure 46 for an example of a motor load curve. See Figure 48.

3009

STALL FUNCTION
This parameter defines the operation of the stall protection. The protaction is activated if the output current
becomes too high compared to output frequency, refer to Figure 47.

0 = NOT SEL
Stall protection is not used.

1= FAULT
IWhen the protection is activated the ACS 400 coasts to stop. Fault indication is displayed.

2 = WARNING
A warning indication is displayed. The indication disappears in half the time set by parameter 3012 STALL
TIME.

lout

o

Stall region

3010 STALL CURRENT

+ Frequency
3011 STALL FREQ HI

Figure 47 Motor stall protection.

STALL CURRENT
Current limit for stall protection. Refer to Figure 47.

STALL FREQ HI
This parameter sets the frequency value for the stall function.
Refer to Figure 47.

STALL TIME
[This parameter sets the time value for the stall function.

UNDERLOAD FUNCTION
Removal of motor load may indicate a process maffunction. The protection is activated if:
* The motor torque drops below the load curve sslected by parameter 3015 UNDERLOAD CURVE.
* This condition has lasted longer than the time set by parameter 3014 UNDERLOAD TIME.
* Output frequency is higher than 10 % of the nominal frequency of the motor and higher than 5 Hz.

0 = NOT SEL
Underload protection is not used.

1= FAULT
When the protection is activated the ACS 400 coasts to stop. Fault indication is d isplayed.

12 = WARNING
A warning indication is displayed.

UNDERLOAD TIME
[Time limit for underload protection.

UNDERLOAD CURVE

[This parameter provides five selectable curves shown in Figure 49. If the load drops below the set curve for
longer than the time set by parameter 3014, the underload protection is activated. Curves 1...3 reach
maximum at the motor rated frequency set by parameter 9907 MOTOR NOM FREQ.
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Code |Description

3022 |AlI1 FLT LIMIT 3
Fault level for analogue input 1 supervision.
See parameter 3001 AI<MIN FUNCTION.

3023 |Al2 FLT LIMIT
Fautt level for analogue input 2 supervision.
See parameter 3001 Al<MIN FUNCTION.

lo/lIn Trip time
3.5
3.0 60 s

25 // 90's
2.0 s

P =T 180s
1.5 300 s
600 s

0.5

9 0400041 068 /08 ~10 TP

lo = output current

Iy = nominal current of the motor

fo = output frequency

fark = break point frequency (parameter 3008 BREAK POINT)

Figure 48 Thermal protection trip times when parameters 3005 MOT THERM TIME, 3006 MOT LOAD
CURVE and 3007 ZERO SPEED LOAD have default values.
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Table 35 Faults.

Fault Code Display Description
1 OVERCURRENT Output current is excessive.
¢ Motor load may be too high
¢ Acceleration time may be too short (parameters 2201 ACCELER
TIME 1 and 2203 ACCELER TIME 2).
¢ Motor or motor cable is faulty or connected wrong.
2 DC OVERVOLTAGE Intermediate circuit DC voltage is excessive.
¢ Check mains for static or transient overvoltages
¢ Deceleration time may be too short (parameters 2202 DECELER
TIME 1 and 2204 DECELER TIME 2)
*  Brake chopper (if present) may be underdimensioned
3 ACS400 OVERTEMP ACS 400 heat sink temperature is excessive. Temperature trip limit is
95 SGs
¢ Check air flow and fan operation.
+  Check motor power against unit power.
PR SHORT CIRCUIT Fault current. Possible reasons for this fault are:

< There is a short-circuit in the motor cable(s) or motor
¢ Supply disturbances

OUTPUT OVERLOAD

Inverter overload condition. The ACS 400 output current exceeds the
ratings given on page 25 of this manual.

6 DC UNDERVOLTAGE

Intermediate circuit DC voltage is not sufficient.
¢ Mains phase may be missing
¢  Fuse may be blown

74 ANALOGUE INPUT 1

Analogue input 1 loss. Analogue input value is less than MINIMUM Al1
(3022). See also parameter 3001 Ai<MIN FUNCTION.

8 ANALOGUE INPUT 2

Analogue input 2 loss. Analogue input value is less than MINIMUM AI2
(3023). See also parameter 3001 Al<MIN FUNCTION.

9 MOTOR QVERTEMP

Motor overtemperature condition as estimated by the ACS 400. Refer
to parameters 3004 — 3008.

10 PANEL LOSS

Panel communication loss. Control panel is disconnected when the
drive is receiving start, stop and direction commands from the panel.

- Drive is in local control mode (LOC is shown in the control panel
display), or

- Drive is in remote control mode (REM is shown) and is parameterised
to accept start/stop, direction or reference from the panel. Refer to
parameters in groups 10 COMMAND INPUTS and 11 REFERENCE
SELECT.

See also parameter 3002 PANEL LOSS.

11 PARAMETERING

Parameter values are inconsistent:

¢ MINIMUM Al > MAXIMUM Al1 (parameters 1301, 1302)

®  MINIMUM AI2 > MAXIMUM AI2 (parameters 1304, 1305)

¢ MINIMUM FREQ > MAXIMUM FREQ (parameters 2007, 2008)

e PFC block tries to use 10 extension module (NDIO) but the DDCS
link is not parameterised properly

12 MOTOR STALL

Motor stall. This may be caused by excessive load or insufficient motor
power. Refer to parameters 3009 — 3012.

13 SERIAL COMM LOSS

Serial communication through Standard Modbus Channel is lost.

¢ Check connections between extemnal control system and the
ACS 400.

= Refer to parameters 5003 COMM FAULT TIME and 5004 COMM FAULT
FUNC.

14 EXTERNAL FAULT SIGNAL

External fault is active. See parameter 3003 EXTERNAL FAULT.

15 OUTPUT EARTH FAULT

Earthfault. The load on the incoming mains system is out of balance.
«  There may be a fault in the motor or motor cable.
*  Motor cable may be too long.
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16*% DC BUS RIPPLE

" Ripple voltages on the DC bus are too large.
¢ Mains phase may be missing
¢ Fuse may be blown

17 UNDERLOAD

Motor load is too low. Check for a problem in the driven equipment.
Refer to parameters 3013 — 3015.

18

Reserved

19 DDCS LINK

Problem with DDCS link.

* Check the DDCS option module and the optic fibres.

*  Check the status of the fieldbus adapter. Refer to appropriate
fieldbus adapter manual.

*  Check connections between external control system and fieldbus
adapter.

* Altematively, check the status of the |O extension modules (NDIO),
required by PFC block.

Refer also to “DDCS Option Module Manual” and parameters 5004 —

5007.

20" Al OUT OF RANGE

Analogue input out of range. Check Al level

21-26"" |HARDWARE ERROR

Full display blinking (ACS100-PAN)
“COMM LOSS" (ACS-PAN)

Hardware error. Contact supplier.

Serial link failure. Bad connection betwsen the control panel and the
ACS 400.

Note! These faults (**) are indicated by a red blinking LED and are reset by turning the power off for

a while.
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