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Just a few examples!

Industrial:

* Chemical industry

* Pulp, paper, printing  sspzrsmsganaeas
+ Foodstuffs, beverages o
* Power plants
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* Mining

* Metal industry

* Machine shops Non-industrial:

* Plastics *HVAC

+ Textiles *Water treatment

i 2 R A B ) Dol A

it LA TN A VS,  EEURBIH AR il
AL ) e AR SR AL 5 E

Blhn. %3 N (HVACE?iJﬁ%Si}E%MJ\), AR i T FEE At P 5K
S AR B, R R A KU (R ORI SE o s DA 3
Bl T AR

KM T A AL AT . ARSI, AL AR A 2
TR, eacnl, mTHEFEReE 4, Ml RIPA
[l A AN FE K, P B T TR AR, D,
AT E AR LI R

BORIR F4- 8L A5 2 9



T2 sk

Energy . —>>| Waste
suppy | ______. S energy

Material treatment by

Material —> MechanicaliElectromagnetici Thermal i Chemical i Nuclear |[—— WaSte.
supply power | influence | influence | and biological } influence material
H H reactions 1}

= Energy flow v @
Product or final
> Material flow material state
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Substantial treatment Working
Altering a material’s machines
property (consistency, /
geometry...)
e
Processing
apparatus
7 A}
well defined indefinite
shape shape
Machinery Plant
equipment
— cutting machine tool — mixers, stirrers
— forming machine tool — centrifuges
— rolling mills — extruders
— printing, textile, wood, - autoclaves
paper machines — crushers
— robots —mills
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Working
machines

- Conveying, dosing,
Processing pressure changing

apparatus m apparatus

Machinery Plant Conveying Pumps Fans and
equipment means compressors
— cutting machine tool — mixers, stirrers  — hoists and — positive —fans
— forming machine tool - centrifuges cranes displacement  — blowers
—rolling mills — extruders — roller conveyors pumps — compressors
— printing, textile, wood, - autoclaves — belt conveyors — kinetic pumps - air conditioning
paper machines — crushers — elevators

—robots —mills — excavators
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__________________________________________________ or final
H r I | ! material
H ! state
Z Material
supply
_____________________________________________________ (and
Power Energy The Motor: Transmission: The working ~ energy/
supply: control: conversion of conversion machine: signal)
fuel, gas conversion energy and/or processing of
pressure, andfor supplied into regulation of material
mains ion of i i (and
energy (rotary) energy energy/signal)
supplied energy provided using
mechanical
. . N energy
® points of possible variable speed control
| drive system
—> energy flow
mechanical energy flow
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Frequency converter Motor

+ 1
§V1 V3 V5
U,3~- * c
CHN- i 3
Rectifier DC- cin:uit Inverter unit
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Drive
Losses
(Thermal)
_—
In |
put _
Power i B, =3xUxIxcos(p)
(Electrical) = "
_ QutputPowerl P =T x2m x—
~ Input Power out 60
= P
})in
Motor Output
Losses | =Power
(Thermal) (Mechanical)
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\T,:er:gxmxr

Motor torque T, has to be
greater than the load
torque T, to make the box
rise.
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e

— Output
Input Process [—
R
. Interference
Typical cases
Application Input Interference Output

1 Submersible pump Water level

2 Pump application Water level Water flow

3 FD fan Heat demand Atmospheric

pressure

4 | Sawmill line Log diameter Hardness of wood

5 Screw conveyor Material volume

6 Feeder Hardness of Load

material
7 Grinder Wear of the grind
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Pumping example:

&

Throttling Bypass control On-Off control

» Simple construction
» Optimal capacity is difficult to achieve

» An increase in capacity means reconstruction of
the system

» Control by throttling, recirculation or start and stop
» Risk of damage at start-up
» Operating costs are high
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In this situation, what
. would you do?

= 1. Keep your foot on the
gas and control your
speed with the brakes.

2. Change to a lower
gear and reduce engine
revs.
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Mechanical VS control

—
—

®—F—

Hydraulic coupling

& O
DC drive
E = @ ¢
-

Frequency converter

—
 —

7

Electrical equipment room

v

Process area
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Electrical VSD’s VSD Market
Specd Year 2000: Europe (estimate)
L S VvSD Market size Market share
Production ri ey WEILILEED LGl ETo
/,\m luction rise (MUSD) %)
Optimal 4 Bestquality  Ac prives 1310 63.7
Speed
DC Drives 364.2 17.7
Mechanical ~ 189.0 9.2
3. Energy saving Hydraulic  193.0 9.4
-
e Total 2056.2 100.0
1. Maintenance savings Time

Source: Frost&Sullivan, 1996
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AT AL BN T T
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HLORAR S X)) T 7 AR AR AE B, ELIRUA% 30 10 11 32 00 90 I A 9ok
A, B ER T Ly R AR . 3K 3D T AT AL
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Global market 1995: 3500 MUSD
Annual Growth Rate 7%

1990 1995 2000
Source: Frost & Sullivan & ARC - 1993
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Electrical Supply

User Interface
Process Interface

Process
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Reversing with acceleration & Torque control settings
deceleration ramps
T, 4
na yta PP

§ t

e, N
t, = deceleration time — = torque boosting N e
t, = acceleration time -~ = variable torque U/f settings

— = eliminating mech. vibrations

R
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Power loss ride-through Stall function

| I I I Unains
Il H\lHy N\HIH\H N WH\ w [ H\N Tor?ue

4
Tstan
t
> g n
==+ = Intermediate circuit voltage (U4, ) = Stall -
requenc
— = Output frequency (f) 3 Y
==*= = Motor torque (T;,)
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Slip compensation Flying start

Torque
A A

Speed

Voltage

A
A\ 4

2R

D SR USRI I, L T 2D, nAE R R 2
Pzse 0 TANZXAMInZE , AT I e M/ T i 4 m LB 2, A
SRR R A 15 s 210 55 506 i A I P

PR/ BRER R Bl

SN LERR] R e R SN PTG ERER R S D RE . RIMEVAT
M SR A R ER I B . AERHUIRAZ SIS DL T, A
BN E GBS, RSP BI04 1. [F2ba, apL s
AR JEEH 3 0 AR Y. (K1 7K o
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EMC A
immunity Cabinet / %
T Z—p

EMC =

emissions

S P21

| IP54 4 -

EMC EMC

immuni emissions

Supply

RBTRFAE

R BREN RSB AL T AR ISR SR, g <K s < 4.

B AL AR BB, ATEAER BSHE FEH. BAIP54
E%}F%%E@&%ﬁﬁﬁi%%%%iﬁif’ﬁ IFBEK 2 MATATT 7 E
A S 7K 23 o

AR P I T O IP2 1B §7 A5 S o I RS To T2 i 1) i R

gy, T H 3 B KA F G AR 5 5 o A R SR s (Bl 4

SEYL, SETTLUSCEL . B0, Sl AR IEs AN, T

%%Egggg%ﬁ FEXXFFAEOL T, A Z0A DR AT DY AL A 2 i
T o

EMC

o A BB 5T A B AR (EMO) o AR
(K1, A3 3R G0 L WO EE R FEMCEE SR . X B IR A 1R 8) R 48 ] LA
RS2 Al P AR T30, 100 A i 3k F o ) R T A B A ATE A A%
AR T

U R 5 2 2 AT REMCIRHR /A RO S (K520, 152 [ ABB
%\;3%@?7&%@%3%, EMCIf 1% 1 e 4 1) 2 B RIC B h 56 / H <,
TIEE
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AC motors with and without AC drive

With
AC drive

Without
AC drive
97%

H AR A KB LB (A A itk 5. LI o 2 0
e 22T Wi K bl UL 2 D iigs - L. 7
BET A A AT 3% 10 U LBEAZ i s — i AR, REEANE97 %1
AL B LB AR o

AAEREANCHERIZE, B2 aAREE, AR EEERA A
Ko SR AU AL A E A 1 VA I 9 A BEASRIE 5. (H
TG BAIEEE - ASUAL BB HAR T BT A K LA
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AW A HAB R R BARZE S+

SEALEIHR 53 W T R AR . B I ol b
HEFERIM CHE GERIAR CHE: i e ) 28 BSR4 B L 2
10, LSO SUITRLHLIRD. T SHRAOHER D) FISRACHY Chl
2 AT,

FATIET] LUZAE LEBAZ AL S BRI T, ] AR 14 4% 31 CD-
ROMIF) A Ji& o 32X P Foft QT 1) 4 Ak — o AR P ) o AR FU 1)
FRRRAE B ) L, A L BE AR FICD-ROM L) — /N B 23 O 6L

[RIFER), ASWALBNBATE LB FAE I ik e AN A 3
Ao FEASRRI, BAHR MAT WA B LU fay B2 ik A sl

ANt BB s 23
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Traditional methods AC drive control
D.O.L+ D.O.L + Frequency
Throttling On/Off Converter

il i il

Electronics % % |
Mechanics é—(ﬁo

FATIE A RA LR, FATT /5 EEWE AN R ik I BC

FEIX B BA TS A

ARG T, A HURR 0 R e D TR, AE
HUAIB 0 R s BEOR B 22, PR 2 LB 42 o, e Lk 1 o 22
I ARAE T/ SRR Iy, R o R A E s oo, AR
HUT T 2 S e A AL s R OB M oI 5. ANty ZERUAR
Ei 57 P P PR SN RE il PR SRR WA T8

NGB RN EAN, AR 5 — AN arab st BATAT LR
TR, AR A A A L R 2.
DA T 22T B, FATIDIR AT LG I 2204 S AR L F

36 HoRfE S 4- AL 3 T



ALY BE ) s A AR R i

%%ﬁ& A iAE N
RN A - i
- WZHAHERE - g — A Aouff

- B R LR - TCHUMERTE, TR

- HUBREE TN B S B - g

p AP Z NPSES

VRS AL T ARG RPN 28 AL S s i, BLRAA D A
RN ALGUIN T B R LR 8 20 2H i, 1 T i 2
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Price comparison for pumps

800

700

600 +

500 +

O Mechanics

usb

400 T O Electronics

W Motor

300

200 T

100 T

Throttling (ind)  Throttling (dom) On/Off AC Drive

HUBCRTHL 1 BB X B A

R

AZiAL Bl

FE BB, gy AT A LRI K2 7 15 i B30 8 45 44 LA 98 1 A
Mo HARAGREARGM, POVERMRE R, s
B I ) Vg U E W SO d S K WA T 871 RS S 3|
Tl R P RN KIS DL o A TNV IREE 0T 1R 17 5™ A%
MR, XTI ERA R .

LA, ARG AN AL S, ERHLI R B2 .
R M AZHAL S HI3AH AL, 1 HAt P 5 VA A A L

AL BN AN EAEATHUGBAIE, IS D> T AR . AR
BB 70 A B 5k 52 LU A 1) A BEAIR, - (HU H0 B R 3
F BRI BB A

FEZ LS R EA , HI AR R ER G, AW PP B
DRI FAT RN, AR PR EMAZ AL 3l
(IR ARTMIXLEEANE BA, B THBRA, JATH 2
B H LRI RIS E R ALE Y] o
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TR ALz
G RL 20 USD 10 USD
AT AR 5h x 65 USD = 1h x 65 USD =
325 USD 65 USD
PR CAE 1h x 65 USD = 1h x 65 USD =
65 USD 65 USD
B2 410 USD 140 USD
2 HEA544: 270 USD!

SRR VAL P AT A L

HI TSN AT B ACUAL B0 5 AR BB T, A TR EL
H A AL B RIS S AT N 22 57 . WHTPTE, i
A HARIAIH UK Y B o KRR AR 2 R TR

TN A LEAT AL S, B TAR R DPIR. KEUBRIR 22 B 18
KBS, AL LN 6] o AUBCTS I I A 25 22 B B BN A
H, R RSN, TUAZ TR SN 2 VN o 22 BT N ]
e LLAAGR 225 TIP3 T 2 H O R R e 22 9

WREE T RN MRS, W AHERLZIE, A AL
ENARGIPRI [0 2 o AEIXPFH GO0 E, H AT/ B
PAFRATTELAE AT LASE B 228 9 T o WARB WL, REASASURAL B
LRENIAE FIR27055 70, BRI H AOHUBR R 73 85 5 ARG T
A BIHLI BT (L 5200560) »  (HZASURAR S AEBEBE i P IN At
CHE THZ.

HAYR F4- L8R T 39



AL YLIE ) A AR R 2

FA AL )
i fE 50%

Dy ER 0.75 kw 0.37 kW
RFAE T ELIP RS R 4000 /N /4F | 3000 kWh 1500 kWh
R REVE 7 300 USD 150 USD
0.1 USD/kWh
g/ 4F 40 USD 5USD
SR H /A 340 USD 155 USD

—4EA54): 185 USD!

B A YE 21T IR fE

VP2 MBS CAE] T3, A SR SR 5 S50 %5 1K)

g, XEWHE, ETRNHRDIRGRIZ075T L, WERMAL

AL 2037 T FLo fl— N AREAL 14000/, 159 B

ﬁ%ﬁﬁ?ﬁﬁ‘]ﬁ%%%%moo?ﬁﬂi A N PR AZ i A% 511 75 221500
KO

AT HEATLI A, 75 ZE A RESAE R LLREUR A%, T BESE AN
R T AR I . X R eRE T PU 0.1 STt B

Wi pTIR, US> M BUR 2, XS A A e A T 2 WYE
o PEAGTE, U N R REAE (Y IR ST 40380 A M AL
%E}E%E@é&%ﬁ%ﬂ%?’%%m IRTMAEVFZ DL, AMias e Ay 2
YERER .

DI, 20 AR LT 1T 418550 6, IR 24 J AR . D)y 4 3 [ 14 2%
PG RE I —2F o IX AR AR s 1 R IE P4 . PRI,
I IR ARSI RS B, A AL s il R 2858 4 ik
ﬁ%gz_ﬁgﬁ‘], e SEEAS R SO BLAT I SN AR S [l
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Price comparison for pumps
With operational and installation costs
3500

3000

2500

I Operational costs®

2000
M Installation costs

usb

1500 2 Total price

1000

500

0

Throttling AC drive
*Operational costs are given in today’s values (10% interest rate over 10 years)

Total savings over 10 years - USD1562!
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HE S

MAITEART ARGk AR K Sl P . AP sl fe
IR QIS E A, Rl ik B RESTTLY . fEZent, RESEImm
(RIPRA T2 o BEEAZTAE S K 2B AR SEBLTT RE

FRERE A, AR AERAR, A HAT3% I LS AR ey iR
. AT, BANKERAZ LS, BA T,
bo S M E NI E= RSV = il Do SRS ek B R B
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